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CHAPTER  I. 
FOODS. 

Section  1.     GENERAL  CONSIDERATIONS. 

Foods  may  l)e  said  to  include  everything  taken  into  the  system 
<*a|)able  of  being  utilized  directly  or  indirectly  to  build-  up  normal 
Mnicture,  repair  wa.ste,  or  produce  energy  in  any  form,  but  in  the 
oiimmon  acceptation  of  the  term  they  include  only  those  substances 
which  can  be  oxidized  in  the  system,  thus  excluding  water  and  air, 
witliout  which  the  functions  of  the  body  can  not  be  performed.  Diet 
is  a  mixture  of  food  materials  of  various  kinds  habitually  taken  in  such 
quantity  as  is  needed  to  maintain  or  improve  the  condition  of  the  system. 

The  Nutritive  Value  of  Foods. 

The  potential  energy  of  food  is  measured  by  the  amount  of  heat 
which  can  be  obtained  by  its  complete  combustion,  and  is  expressed  in 
units  of  heat  or  calories.  The  amount  of  energy  required  to  raise  the 
temperature  of  1  kilognim  of  water  1°  C.  is  known  as  a  large  calorie; 
that  required  to  niise  the  tenii)erature  of  1  gram  to  the  same  extent 
is  known  as  a  small  calorie ;  thus,  1  large  cjilorie  equals  1000  small 
<iilories.  When  the  term  is  us^mI  without  qualification,  large  calories 
are  undersUKxl.  These  heat  units  correspond  to  425.5  unit^  of  work  ; 
that  is  to  say,  the  sjime  amount  of  energy  required  to  raise  the  tempera- 
ture of  the  given  weight  of  water  1°  C.  is  sufficient  to  raise  425.5 
times  the  weight  one  meter.  The  amount  of  work  done  is  expresse<l 
in  kilognim-meters. 

The  heat  unit  of  the  English  system  is  the  amount  of  energy  required 
to  raise  the  temperature  of  a  pound  of  water  1°  F.,  and  it^i;  mechanical 
equivalent  is  772  units  of  work  ;  that  is  to  say,  the  same  amount  of 
enei^  will  raise  772  pounds  one  foot.  According  to  the  English 
method,  work  done  is  expn^ssed  in  f(K)t  tons  rsither  than  in  foot 
)M>unds. 

The  calorimetrie  values  of  diflerent  food  materials  express  also  their 


18  FOODS, 

physiological  values  as  nutriment     Rubner^  determined   the  calori- 
metric  value  of  the  proximate  pdnfiiples  as  fo^ow^ : 

One  gram  of  proteids  —  4.1  calories. 

One  gram  of  carbohydrateB  =  4.1       ** 
One  gram  of  fat  =9.3      " 

In  the  system,  the  carbohydrates  and  fate  are  burned  completely  to 
carbonic  acid  and  water,  but  the  proteids  leave  a  residue  of  urea  incapa- 
ble of  still  further  oxidation.  It  is  estimated  that  the  physiologic^ 
value  of  the  proteids  averages  only  about  75  per  cent,  of  their  calori- 
metric  value. 

The  calorimetric  value  of  different  foods  of  the  several  classes  i.«< 
not  to  be  understood  as  being  exactly  the  same.  Thus,  two  kinds  of 
sugar  or  two  kinds  of  fat,  or  two  kinds  of  proteid  have  not  exactly  the 
same  calorimetric  values,  and  the  figures  above  given  are  to  be  under- 
stood only  as  fair  averages.  Rubner*  has  determined  by  actual  ex- 
perimentation the  relative  calorimetric  values  of  certain  food  materials, 
and  has  shown  that  100  grams  of  fat  are  ecjuivalent  to  225  of  syntonin, 
or  232  of  starch,  or  234  of  cane  sugar,  or  243  of  muscle  fiber,  or  266  of 
grape  sugar.  In  other  words,  these  several  amounte  of  food  material  are 
isodynamic. 

Amount  of  Food  Necessary. 

For  the  maintenance  of  a  proper  degree  of  health  and  strength,  the 
individual  must  ingest  an  amount  of  food  sufficient  to  meet  the  daily 
loss  of  nitrogen  and  carbon.  This  must  necessarily  vary  according  to 
circumstances,  and  hence  no  rule  can  l)e  laid  down  to  fit  all  cases.  The 
best  that  can  be  done  is  to  make  certain  general  rules  based  on  the 
amount  of  work  performed,  for  the  greater  the  amount  of  work  done, 
the  greater  the  amount  of  food  required  to  meet  the  necessarv*  consump- 
tion of  fiiel  and  to  repair  the  tissues.  When  performing  heavy  labor, 
the  naturally  increased  desire  for  food  is  shown  particularly  in  the 
direction  of  fats,  and  secondarily  of  proteids. 

For  many  years  Voit's  estimate,  that  a  man  of  154  to  165  pounds, 
working  at  moderately  hard  labor  9  or  10  hours  a  day,  requires  llS 
grams  of  proteid,  56  of  fat,  and  500  of  carbohydrates,  the  whole  yield- 
ing 3054.6  calories,  has  been  generally  accepted  as  correct.  Recently, 
however,  Chittenden '  has  demonstrated  conclusively  by  experiments 
extending  over  many  months,  the  subjects  l)eing  men  engaged  in  intel- 
lectual pursuits,  soldiers,  and  athletes  in  training,  that  half  the  stated 
amount  of  proteids  is  ample  for  the  real  physiological  needs  of  the  body 
under  ordinary  conditions  of  life,  and  that  a  fuel  value  of  3000  cal- 
ories is  not  necessary,  the  diminution  in  the  proteid  intake  requiring  no 
additional  amount  of  non-nitrogenous  snbstance.s. 

Knowing  the  comiK)sition  of  a  given  article  of  food,  the  proteid,  fat, 
and  carbohydrate  value  of  a  given  weight  can  easily  be  determined  ; 
land  thus  one  can  construct  standard  dietaries  for  the  various  conditions 

» Lehrbueh  der  Hygiene,  Leiusio,  190(),  p.  4aa  "^  Ibidem,  p.  430. 

'  Physiological  Economy  in  Nutrition,  New  York»  1904. 
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of  bare  subsistence,  rest,  and  performance  of  various  amounts  of  daily 
labor.  Up  to  the  present  time  it  has  been  customary  to  prescribe  the 
constituents  of  the  standard  diets  in  the  following  proportions :  For 
each  part  of  proteids,  two-thirds  of  a  part  of  fat,  three  and  one-sixth 
parts  of  carbohydrates,  and  one-fourth  of  a  part  of  mineral  matter, 
the  proportion  of  1  part  of  nitrogen  to  15  of  carbon  being  maintained 
as  nearly  as  possible.  In  view,  however,  of  Chittenden's  results,  these 
proportions  should  be  changed,  not  only  on  account  of  the  fact  that  an 
excess  of  proteids  is  a  burden  to  the  system,  but  also  for  economical 
administration,  since  the  nitrogenous  foods  are,  as  a  class,  by  far  the 
most  ex[)en8ive. 

In  any  dietary,  nutritive  value  must  not  be  the  sole  consideration, 
for  taste  and  variety  are  highly  important  and  the  palate  must  be  flat- 
tered. 

Composition  of  Foods. 

The  constituents  of  food  materials  are  partly  organic  and  partly  in- 
organic. The  organic  constituents  include  proteids,  fats,  carbohydrates, 
and  organic  ac*ids ;  the  inorganic  include  water  and  mineral  salts. 

Proteids. — The  proteids  are  the  most  important  constituents  of  both 
animal  and  v^etable  foods,  and  their  presence  is-  necessary  for  the 
carrying  on  of  all  the  phenomena  of  life.  They  are  very  complex 
colloid  substances  composed  of  carbon,  oxygen,  hydrogen,  nitrogen,  and 
sulphur,  possessing  common  proi)erties  and  connected  in  very  close 
};enetic  reLitionship.  They  are  divided  into  animal  proteids  and  vege- 
table pn>teid8,  but  between  the  members  of  the  (me  class  and  those  of 
the  other  there  are  no  im|>ortant  chemical  diiFcrences,  and  they  are 
alKHtt  e(|ual  in  nutritive  value.  Some  of  the  vegetjible  proteids  are  not 
colloids,  for  accordin*^  to  Schmiedebcrg,  Weyl,  Maschka,  and  others, 
they  are  found  in  crystalline  form  in  the  tissues  of  certain  plants,  and 
n(»tably  in  the  bcjm,  pea,  lentil,  and  various  nuts. 

Proteids  when  cDmpletely  split  up  by  acids  yield  as  end  products 
ammonia,  nitrogen,  organic  base<,  and  amido  acids.  They  are  never 
i-omplctely  absent  from  animal  and  vegetable  tissues,  but  their  amount 
in  different  substances  is  very  widely  variable,  some  foods  being  very 
rich  in  them,  while  in  others  they  exist  only  in  tracers. 

Ingested  in  great  excess  of  the  nee<ls  of  tlie  system,  they  are  likely 
ti>  cause  general  disturbanee,  diarrhica  and  albuminuria,  while  a  diet 
fn>m  which  they  are  practically  exchKUnl  will  cause  rapid  loss  of 
strength,  amemia,  great  prostration,  and  greatly  diminishe<l  resistance 
to  invasion  by  specific  diseases,  es|K'cialIy  tuberculosis  and  pneum(mia. 

The  animal  proteids  are  more  ra|)idly  digestfMl  than  the  vegetable 
pn>t4^ids,  some  of  which  are  largely  wasted  through  imperfect  digestion. 
The  proteids,  whatever  their  souree,  yield  in  tlie  main  the  same  prcnl- 
ucts  of  digestion,  and  consequently  may  replace  each  other  in  the 
diet. 

The  most  complete  classification  of  proteids  is  that  of  AVr6blewski,* 
by  whom  they  are  divided  into  three  groups  as  follows  : 

*  Berichte  der  deiitHchen  chemischen  (jcseUscbaft,  1897,  30,  pp.  3045,  3052. 
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Group  I.     Albuminous  bodies  closely  related  to  egg  albumin. 

1.  Albumin^s.  Soluble  in  water.  Egg  albumin^  serum  albumin, 
lactalbumin,  muscle  albumin,  vegetable  albumin. 

2.  Globulins.  Insoluble  in  water,  soluble  in  dilute  salt  solution. 
Egg  globulin  (vitellin),  serum  globulin,  lactoglobulin,  fibrinogen,  myo- 
sin, vc^table  globulin. 

3.  Proteids  soluble  in  alcohol.  Substances  very  slightly  soluble  in 
water  and  salt  solutions,  soluble  in  dilute  alcohol,  some  in  strong  alco- 
hol.    Chiefly  of  vegetable  origin.     Very  rich  in  carbon. 

4.  Albuminates.  Products  of  the  action  of  alkalies  on  albumins. 
Slightly  soluble  in  water,  easily  soluble  in  alkalies. 

5.  Acid  albumins.  Products  of  the  action  of  acids  on  albumins. 
Soluble  in  very  dilute  acids  and  alkalies.     Syntonin,  etc. 

6.  Coagulated  albumins.  Proteid  substances  coagulated  by  the' 
action  of  heat  or  enzymes.     Fibrin,  para-casein,  etc. 

Group  II.  Compound  proteids  composed  of  molecniles  which  consist 
of  an  albumin  group  (a,)  plus  another  group,  usually  of  a  non- 
proteid  nature. 

1.  Glyco-proteids.    a,  plus  a  carbohydrate  group.    Mucin,  etc. 

2.  Haemoglobins,    a,  plus  a  coloring-matter  group. 

3.  Nucleo-albumins.     a,  plus  a  nuclein  group. 

4.  Caseins.  They  contain  no  true  nuclein  group.  With  rennet 
they  give  a  characteristic  coagulation  reaction.  They  are  not  ooagulatcil 
by  heat  like  albumin  nor  by  enzyme  action  like  fibrin.  Milk  casein, 
legumin,  etc. 

5.  Nucleins.    a,  plus  a  nuclein  acid  group. 

6.  Amyloids. 

Group  III.     Albuminoids, 
a,  Frame-work  substances. 

1.  Keratins.  Constituents  of  horn.  Attacked  with  difficulty  by 
pepsin  and  trypsin.  They  contain  much  sulphur  and  yield  much 
ty  rosin. 

2.  Elastins.  Constituents  of  elastic  tissue.  They  contain  less  sul- 
phur and  yield  less  tyrosin. 

3.  CoUagens.  Constituents  of  connective  tissue,  bone,  and  cartilage. 
They  contain  very  little  sulphur,  and  yield  no  aromatic  amido-acids. 
Gelatin,  isinglass,  chondrin,  collagen,  et<'. 

6.  Albumoses  and  Peptones.  Pmducts  of  hydrolytic  splitting  of 
various  proteid  substances.  Their  molecules  are  much  smaller  than 
those  of  the  albumins. 

c.  Enzymes.  BfKlies  which  when  pres(»nt  in  very  small  amounts  have 
the  property  of  breakinjr  up  very  large  amounts  of  certain  other  sub- 
stances, including  proteids,  fats,  starches,  etc. 

The  albunn'ns  are  not  preci])itated  by  alkaline  «irlK)nates,  (X)mmon 
salt,  or  dilute  acids,  but  they  are  coagulate<l  by  beinp:  heated  to  65°- 
73°  C.  Casein,  legumin,  conglntin,  syntonin,  and  albuminates,  on  the 
contrary,  are  not  coagulable  by  hcjit,  but  are  pre<'ipitate<l  by  common 
salt,  sodium   acx?tate,  and   tris(xlium    phosphate.     The    albumoses   are 
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wklely  distributed  thrtnighout  the  vegetable  kingdom,  and  are  found 
largely  in  the  cereals.  In  the  animal  kingdom,  they  are  intermediate 
products  of  the  action  of  iwpjsin  on  onlinary  proteids,  becoming  even- 
tually converted  to  peptonej?.  The  collagens  are  very  rich  in  nitrogen, 
hut  liave  an  inferior  nutritive  value.  Gelatin,  for  insUmce,  contaias 
17—18  per  cent.,  while  the  albumins  contain  but  16. 

Pats. — ^The  fats  are  compounds  of  the  triatomic  alcohol,  glycerin, 
with  fatty  acids,  mainly  stearic,  palmitic,  and  oleic.  These  several 
o»nipc»unds  are  known  as  stciU'in,  |)almitin,  and  olein.  The  two  first 
mentioned  are  solids  at  usual  temj)enitures,  while  olein  is  a  liquid. 
Most  fats  are  combinations  of  two  or  all  of  these  substances,  and  some, 
as,  for  example,  butter,  (•ontain  additional  glycerides  in  small  amount. 
Stearin  and  palmitin  being  solids,  and  olein  liquid,  the  consistency  of 
a  fat  is  dependent  upon  the  projwrtions  in  which  these  substances  are 
present.  Stearin  is  a  component  of  most  animal  fats,  but  never  is 
found  in  vegetable  fati*.  The  chief  constituent  of  animal  fats  is  pal- 
mitin, and  this  occurs  also  in  n«irly  all  vq^etable  fats.  Olein  exists 
in  Irnth.  Butyrin,  caprin,  c^jiproin,  and  caprylin  are  glycerides  of 
volatile  fatty  acids  present  in  the  fat  of  milk. 

Fatj^  cr)nsi8t  of  carbon,  hydrogen,  and  oxygen,  and  contain  no  nitro- 
gen. The  hydrogen  and  oxygen  are  not  present  in  the  proportions  in 
which  they  exist  in  water  and  in  ciirbohyd rates,  the  oxygen  being  de- 
ficient. 

As  taken  in  food,  fats  are  chiefly  in  the  form  of  neutml  substances, 
hut  more  or  less  free  fatty  acid  is  always  present,  and  in  some  foods 
which  have  been  kept  for  a  time,  jwirticularly  in  well-ripened  chees(», 
fatty  acids  may  be  present  in  a  free  state  in  quite  large  proportion. 

The  fats  play  an  imi>ortiuit  part  in  the  maintenance  of  animal  heat 
and  mechanical  energj'.  When  hard  labor  is  being  performed,  an  excess 
of  fat  is  instinctively  taken. 

Carbohydrates. — The  carbohydrates  include  the  starches,  sugjirs, 
and  4vllulose. 

The  Starches,  though  presenting  very  different  api>eaninces  under 
the*  microscope  according  to  source,  are  of  ecjual  vahie  as  foods,  an<l 
have  the  same  com|M)sition.  Starch  is  insohihle  in  water,  but,  heated 
with  it  to  72°  C,  the  wlls  swell  and  burst,  and  produce  a  sort  of 
nuieilage.  Hejited  with  dilute  mineral  acids,  it  is  converted  into  dex- 
trose.     Subjec^ted  U)  the  action  of  diastase,  it  is  converted  into  maltose. 

Stan*h  is  found  almost  exclusively  in  vegetable  cells.  It  forms  the 
chief  part  of  the  see<ls  of  the  cereals  and  of  the  dried  residue  of  certain 
other  vegetable  pnKluets,  such  as  potiitoes.  A  form  of  starch  known 
as  animal  starch  or  glycogen  is  found  in  the  liver  and  muscles,  and  also 
in  some  of  the  molliisca.  Dextrin  is  an  artilicijil  pnxluct  fornu^l  from 
starch  by  the  action  of  ferments  or  of  <lilute  acids  and  heat. 

The  Sugars  are  of  vegetable  and  animal  origin,  and  include  the 
following : 

1.  Sucrose,  cane  sugar.  A  disaccharid.  Fnmi  sugarcane,  sorghum, 
sugar  maple^  sugar  beet,  and  some  4)ther  vegetable  sources.     Insoluble 
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in  strong  alcohol,  does  not  reduce  copper ;  not  directly  fermentable. 
Boiled  with  dilute  acids,  Ls  converted  to  invert  sugar,  a  mixture  of 
dextrose  and  Icevulose. 

2.  Dextrose,  glucose,  grape  sugar.  A  niouosaccharid.  Found  in 
many  fruits  and  flowers.  Formed  from  cane  sugar,  maltose,  starch, 
and  dextrin  by  boiling  with  dilute  acids.  In  the  presence  of  decom- 
posing proteids,  splits  into  tvvo  molecules  of  lactic  acid.  Fermented 
with  yeast,  splits  into  alcohol  and  carbonic  acid. 

3.  Maltose,  malt  sugar.  A  disaccharid.  (Two  molecules  of  dex- 
trose.)    Formed  from  starch  by  the  action  of  diastase. 

4.  Laevulose,  fruit  sugar.  A  monosaccharid.  Found  in  honey  and 
various  fruits.  Rotates  the  ray  of  polarized  light  to  the  left.  DiH»s 
not  form  crystals.     Isomeric  with  dextrose. 

5.  Lactose,  milk  sugar.  A  disaccharid.  (Dextrose  and  galactost\) 
Found  only  in  milk.     Behaves  like  dextrose. 

6.  Galactose.  A  monosaccharid.  Formed  from  lactose  by  boiling 
with  dilute  mineral  acids. 

7.  Inosite,  muscle  sugar,  phaseomannite.  Found  in  certain  animal 
tissues,  as  the  heart's  muscle,  and  in  certain  plants,  as  peas,  beans,  and 
grapes.  Has  no  rotatorj'  power,  does  not  reduce  copper,  and  is  not  fer- 
mentable. It  contains  the  benzene  ring,  and  hence  is  not  a  true  sugar. 
In  the  presence  of  decomposing  proteids,  it  is  converted  into  lactic  and 
butyric  acids. 

CelltQose. — Cellulose,  while  of  value  as  a  food  for  herbivora,  has  no 
nutritive  value  for  man.  It  is  converted  to  dextrose  by  boiling  with 
dilute  sulphuric  acid. 

Pectin. — Pectin  is  a  substance  not  uncommonly  classified  as  a  cjir- 
bohydrate.  It  is  coniiK>sed  of  carbon,  hydrogen,  and  oxygen,  but  its 
precise  composition  is  unknown.  It  is  found  in  various  fleshy  fruits 
and  in  roots,  and  is  believed  to  be  formed  from  |>ectose  by  the  action 
of  vegetable  acids.      It  is  known  also  as  vegetable  jelly. 

Pectose. — Pectose  is  an  insoluble  substance  found  in  unripe  fruits 
and  roots  :  an  earlier  stage  of  pectin. 

The  carbohydnites  pLiy  an  importiint  part  in  the  maintenance  of 
heat  and  the  production  of  force.  They  lessen  the  need  of  fat  and 
form  fatty  tissue.  Excessive  ingestion  interferes  with  the  metamor- 
phosis of  nitrogenous  tissue,  causes  dcjiosition  of  fat  in  excess,  and  is 
likely  to  produce  digestive  disturbances.  Deprivation  for  a  time  can 
be  bonie,  provided  the  system  receives  sufficient  fiitty  fixxl,  but  not 
otherwise. 

Organic  Acids. — The  organic  acids  exLst  in  fcM>ds  either  in  the  free 
state  or  in  combination  as  siilts.  In  the  system  they  are  converted  to 
<*arlx>nates,  which  exercise  a  most  irajx)rtant  influence  in  controlling 
the  alkalinity  of  the  blo(xl  and  other  fluids.  Deprivation  leads  to  a 
peculiar  disturbance  of  the  system  resulting  in  scur\'v.  They  include 
malic,  acetic,  lactic,  oxalic,  citric,  and  tartaric  acids.  Malic  acid  is  a 
constituent  of  api)les,  pears,  and  some  other  fruits.  Acetic  acid  is  the 
essential   element  of  vinegar.     Oxalic  acid  is    found  in  considerable 
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amounts  in  Hpinach,  tomatoes,  strawberries,  sorrel,  and  rhubarb.  Lactic 
acid  is  present  in  fresh  meats  and  in  milk.  The  two  most  important 
acids  are  citric  and  tartaric.  The  former  is  found  in  oranges,  lemons, 
limes,  and  other  fruib* ;  the  hitter  largely  in  grapes. 

Xot  all  vegetables  contain  these  acids,  and,  therefore,  not  all  have 
antiscorbutic  properties.  Potatoes,  cabbage,  and  nx)ts  are  very  eflRci- 
ent  in  this  respect,  while  peas  and  beans  are  noUible  examples  to  the 
contrary. 

Inorganic  Salts. — The  imi)ortant  inorganic  salts  taken  into  the 
system  with  food  include  sodium  and  {X)tassium  chlorides,  sodium, 
fiotassium,  magnesium  and  calcium  phosphates,  and  com|K)unds  of  iron. 
The  sulphates  are  of  minor  ini|)ortance  and  are  ingested  in  only  small 
amounts.  The  sulphur  essential  to  growth  is  taken  hito  the  system  in 
combination  in  the  proteids.  The  chlorides  keep  the  globulins  of  the 
blood  and  other  fluids  of  the  Ixxly  in  solution,  and  are  the  source  of  the 
hydrochloric  acid  of  the  gastric?  juice.  The  phosphates  are  very  essential 
to  the  growth  of  bone  and  to  the  nervous  system,  and  iron  is  needed  for 
the  haemoglobin  of  the  blood.  Deficiency  of  calcium  and  magnesium 
salts  leads  to  rickets  and  other  abnormal  conditions. 


Section  2.    ANDIAL  FOODS:  MEATS,  FISH,  EGOS, 
AND  MEAT  PRODUCTS. 

The  foods  of  animal  origin  used  by  man  include  the  flesh  and  variims 
organs  of  the  herbivora  and  swine,  domestic  and  wild  fowl,  eggs,  fish 
and  shellfish,  milk  and  milk  products.  The  flesh  of  all  carnivorous 
animals  except  fish  is  uni^ktable,  and,  therefore,  undesinible  as  fowl, 
though  under  stress  of  circumstiinees  it  may  be  borne.  Thus,  during 
tlie  8k»ge  of  Paris,  alx>ut  5,000  cats  and  1,200  dogs  aw  sjiid  to  have 
lM*en  eaten  when  the  fcKHl  supply  Imd  becx)nie  so  nicjigre  that  anything 
in  the  form  of  flesh  was  acceptable.  In  Germany,  acconling  to  a  com- 
numication  of  C\)iisul-(Tcnond  (luenther  to  the  Stiite  Deixirtment  at 
Washington,  under  date  of  May  2(),  1900,  the  statistical  year-l)ook 
shows  that,  on  at^count  of  the  high  price  of  other  meats,  not  only  horses, 
but  also  dogs  are  much  use<l  as  food.  At  Breslau,  Chemnitz,  Dresden, 
Ix*ipzig,  Zwickau,  and  other  places,  dogs  are  slaughtered  extensively 
fi»r  this  purpose  and  regularly  iiisjK^oted. 

PirP  rei)orts  that  in  Saxony  during  1894,  295  ;  in  1895,  ^HH  ;  in 
ISJM),  399;  and  in  1897,  474  dogs  were  slauglitere<l  and  inspected. 
In  D(»ssiiu,  Ix^tween  1893  and  189S,  the  number  averagcnl  251  yearly, 
and  inspei'tion  showed  that  one  in  202  was  triehinous.  According 
t<i  Temi)el,2  of  289  killcMl  at  Chemnitz  <luring  1897,  1.391  percent., 
and  of  147  killed  during  the  first  half  of  the  year  1898,  2.04  per 
cent,  were  foimd  to  be  triehinous.  The  meat  is  eaten  chiefly  in  the 
roasted  state,  but  also,  in  many  parts  of  Saxony,  raw,  but  highly  sea- 
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soned.  The  same  animals  are  commonly  eaten  by  the  Chinese,  au<]  the 
Canada  lynx  and  the  skunk  are  rated  a:!^  delicacies  by  the  North  Ameri- 
can Indians. 

MEATS. 

The  value  of  meat  as  food  depends  upon  the  presence  of  proteick, 
fat,  and  mineral  salts.  The  nitrogeuourf^  extractive  matters  (creatin, 
etc.),  sometimes  called  "  meat  bases,"  formed  by  cleavage  of  the  pro- 
teids,  give  flavor,  but  have  little  value  as  foods.  The  carbohydrates 
play  but  an  insignificant  i)art,  being  present  chiefly  as  muscle  sugar  and 
to  only  a  verj'  small  extent.  All  meat,  however  lean,  contains  fat,  some 
of  which  is  visible  and  some  indistinguishable  from  the  muscle  fibres  by 
which  it  is  surrounded.  The  visible  fat  varies  widely  in  amount. 
Very  fat  beef  may  contain  considerably  mon»  than  a  quarter  of  its 
weight  of  visible  fat,  and  fiit  pork  meat  more  than  a  half,  while  chicken 
and  veal  contiun  comparatively  little. 

The  content  of  water  varies  verj'  widely  and  in  general  may  be  said 
to  be  governed  by  the  richness  in  fat,  for,  while  the  proteids  an» 
fairly  constant  in  amount,  the  remainder  is  almost  wholly  water  antl 
fat,  and  the  greater  the  amount  of  the  one,  the  less  the  amount  of 
the  other.  The  less  fat  a  meat  contains,  the  less,  therefore,  its  relative 
nutritive  value. 

Digestibility. — While  the  amount  of  nutriment  contained  in  meats 
chiefly  determines  their  food  value,  the  latter  is  to  no  inconsiderable 
extent  dependent  upon  the  ability  of  the  alimentary'  tract  to  digest  and 
absorb  them.  Grastric  digestion  is  by  no  mejms  to  be  accepted  as  a 
measure  of  the  true  digestibility  of  a  fix)d,  and  the  same  is  tnie  of  the 
results  of  artificial  laboratorj'  exix'riments  ;  hence  many  of  the  accepted 
statements  bearing  on  this  subject,  based  uiK)n  the  oft-cjuoted  ex|XTi- 
ments  on  Alexis  St.  Martin  and  ujmn  t(*st-tube  observations,  may  be 
wholly  disregsirded. 

Raw  meat  is  digesteil  more  easily,  but  K»ss  completely,  than  that 
which  has  undergone  the  pn)cess  of  cooking,  and  roasted  meat  is  more 
cf)mpletely  digi^sted  than  that  which  has  been  boiled.  Fat  meats,  as 
beef  and  mutton,  and  especially  ix)rk,  require  more  time  for  digestion 
than  those  which,  like  chicken  and  veal,  contain  but  little  fat.  In 
general,  it  may  be  said  that  meats  are  as<?imilatiHl  more  easily  than  vege- 
table foods. 

|Flavor. — The  flavor  of  meats  deixnds  largely  u|)on  the  nature  and 
amounts  of  nitn>genous  extractives  which  they  (f>ntain,  and  is  grejitly 
modified  by  the  condition  of  the  animal  when  kilhnl,  its  age,  sex,  and 
the  character  of  its  foml.  The  high  flavor  of  binls  and  game  is  due  to 
the  richness  in  extractives,  while  in  the  case  of  meats  deficient  m  these 
substances,  as,  for  example,  mutton  and  pork,  the  flavor  is  due  largely 
to  their  contained  fats.  Most  meats  are  impn)ved  in  flavor  by  lx»ing 
kept  for  a  time,  during  which,  additional  flavors,  due  to  decomjio- 
sition  products  similar  to  the  extractives,  are  developed.  The  meat 
of  young   animals   is  flavored  less  highly  than    that  of  adults,   and 
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timt  of  females  than  that  of  males,  though  in  the  ease  of  the  goose 
this  condition  is  reversed,  and  in  that  of  swine  no  difference  is  ob- 
ser\'al)le. 

Asexualization  by  spaying  or  aistration  produces  a  fatter,  more- 
tender,  and  better  flavored  meat.  Thus,  the  flesh  of  oxen  is  far  pre- 
ferable to  that  nf  bulls  or  cows,  and  that  of  cajx^ns  and  poulards  to 
that  of  cocks  and  hens. 

Texture. — Whether  a  given  meat  is  tough  or  tender  depends  ujx^n 
the  character  of  the  walls  of  the  muscle  tubes  and  upon  the  amount  of 
connective  tissue  present.  The  tube  walls  are  thin  and  delicate,  and 
the  connective  tissue  is  small  in  amount  in  the  young  and  well-fed,  but 
as  the  animal  becomes  older  or  is  made  to  work,  the  tubes  thicken  and 
bec<mie  hard,  the  connective  tissue  increases  in  amount,  the  fat  may 
diminish,  and  the  result  is  a  coarser  flesh.  Very  young  animals  have 
a  very  watery,  gelatinous,  and  flavorless  flesh. 

The  texture  of  meat  undergoes  very  considerable  change  after 
slaughter.  When  freshly  slaughtered,  it  is  tender  and  juicy,  but  as 
rigor  mortis  supervenes,  it  beoomes  hardened  and  tough.  The  stage 
of  rigor  is  succeeded  by  the  first  stage  of  decomposition,  during  which 
lactic  acid  is  formed.  This  acts  upon  the  connective  tissue  and  causi»s 
softening  and  tenderness,  and  as  the  pn)cess  of  decomposition  pn)oeeds 
within  proper  limits,  increase  of  flavor  is  developed. 

Effects  of  Cooking. — When  meat  is  cooked,  the  connective  tissue 
is  softened,  the  bundles  of  fibrilbe  are  loosened  fnmi  each  other,  the 
albumin  is  coagulated,  flavors  are  improved  and  new  ones  develoi>ed, 
parasites  and  micro-organisms  are  destroyed,  and  the  whole  mass  is 
rendered  more  acceptable  to  the  eye  and  palate.  In  the  process  of 
roasting  or  broiling,  considerable  shrinkage  due  to  loss  of  water  o<»curs. 
The  heat  to  which  the  meat  is  subjected  should  be  sufficiently  intens<^t(> 
pnHliice  s|)eedy  coagulation  of  the  exterior  and  prevent  the  meat  juices 
fniin  becHiming  dried  up.  Tn  order  that  the  surface  shall  not  be  burne<l, 
the  meat  must  be  basted  from  time  to  time  with  hot  meltcKl  fat,  which 
forms  a  pn>tective  coating.  The  heat  employiHl  should  l)e  less  intense 
with  large  yt'mts  than  with  small  ones,  since  before  the  heat  can  pene- 
tnite  well  into  the  interior,  the  outer  parts  will  IxK'oine  burned. 

In  boiling,  the  tem|)erature  of  th(»  water  into  which  the  meat  is  im- 
nierse<l  varices  {ic<x)rdiiig  to  the  obji'c^t  sought,  ff  a  rich  broth  is  d(»- 
sirctl,  the  meat  is  plaanl  in  cold  water,  which  then  is  heated  gradually. 
During  the  hcjiting  pn)cess,  the  soluble  albumins  together  with  a  por- 
tion c)f  the  sidts  and  the  extractives  are  dissolve*!  out.  W^hen  the  teni- 
|H?niture  reaches  134°  F.,  the  albumin  begins  to  coagulate,  and  ab<>v(^ 
160°,  the  connective  tissue  is  changed  to  gelatin  and  dissolv(Hl.  The 
solutiim  4)f  certain  of  the  constituents  is  assist(Hl  by  the  small  amounts 
of  lactic  acid  formed. 

If,  on  the  other  hand,  it  is  desinnl  to  have  the  juices  and  flavors  re- 
tained within  the  mass,  the  mejit  hould  be  plunged  into  boiling  water, 
which  quickly  coagulates  the  albumins  at  the  surface  and  causes  thereby 
the  formation  of  a  protective  coating.     After  this  is  formed,  the  teni- 
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perature  should  be  lowered  to  about  180°  F.,  for  otherwise  the  meat  be- 
comes tough,  even  to  the  center.  The  shrinkage  in  meat  that  has  been 
properly  boiled  amounts  to  from  20  to  40  per  cent,  of  its  weight. 

In  fiying,  the  meat  is  dropped  into  ver}'  hot  fat,  as  lard  or  vegetable 
oil,  which  causes  speedy  coagulation  of  the  surface,  such  as  is  brought 
about  in  the  process  of  boiling,  whereby  all  the  flavors  and  juices  are 
retained.  It  is  essential  that  the  fat  be  very  hot,  since  otherwise  it 
will  jKjnetrate  the  tissues  and  cause  the  meat  to  become  greasy  and  un- 
palatable. 

In  stewing,  the  meat  is  cut  into  small  pieces  and  placed  in  cold  water, 
which  then  is  heated  slowly  to  about  180°  F.,  at  which  temperature 
the  whole  is  kept  for  several  hours.  If  heated  above  180°,  the  meat 
becomes  tough,  stringy,  unpalatable,  and  of  diminished  digestibility. 

Oharacteristics  of  GrOOd  Meat. — Meat  should  have  a  uniform  color, 
neither  abnormally  pale  nor  inclined  to  purplish.  It  should  have  little 
or  no  odor,  and  such  as  it  has  should  give  no  disagreeable  impression  ' 
«uch  as  the  sickly  cadaveric  smell  characteristic  of  diseased  or  decom- 
l)osing  flesh.  It  should  be  firm  and  elastic,  and  should  not  pit  nor  crackle 
on  pressure.  On  being  handled,  it  should  scjircely  moisten  the  fingers, 
and  with  keeping,  the  exterior  should  becx)me  drj'  rather  than  wet. 
There  should  be  no  evidence  whatever  of  the  presence  of  parasites. 

B(»ef  has  a  bright  red  color  and  a  marbled  api>earance,  due  to  the 
presence  of  fat  between  the  bundles  of  muscular  fibers.  This  marbling 
is  much  less  apparent  in  the  flesh  of  animals  that  have  not  l)een  well 
fwl  and  of  old  cows  and  bulls.  Bull  meat  is  darker  than  that  of  oxen 
and  cows,  and  is  coarse,  stringy,  and  of  strong  flavor. 

V«il  is  much  paler  than  beef  and  less  firm  to  the  touch,  and  coming 
from  a  very  young  animal,  "  bob-veal,''  it  is  flabby  and  watery,  and  its 
fat  has  a  tallowy  apix«rance. 

Mutton  should  be  of  a  dull-red  color  and  firm  to  the  touch.  Its  fat 
is  white,  sometimes  yellowish,  and  hard. 

Lamb  Ls  somewhat  less  firm  to  the  touch  and  has  a  decidedly  lighter 
color  than  mutton. 

Pork  is  much  less  firm  to  the  touch  than  beef  and  mutton,  and  its 
fat  is  quite  soft  in  comparison. 

Horse  meat,  the  use  of  whi(*h  is  increasing  rapidly  abroad  and  to  a 
much  greater  extent  in  this  countr}'  than  is  commonly  believed,  is 
darker  and  coarser  than  beef  and  possesses  a  very  different  odor.  The 
fat  is  yellow  and  oily  and  has  a  rather  disjigrwable  odor. 

The  flesh  of  birds  is  not  marbled  like  that  of  mammals.  That  of 
wild  fowl  that  feed  on  fish  has  a  strong  flavor,  which  is  not  impnived 
by  keeping. 

Comparative  Digestibility  of  Meats. — Ikvf  is  commonly  and  cor- 
rectly rc^rdwl  as  one  of  the  most  digestible  of  meats,  but  a(x»ording  to 
the  experience  and  testimony  of  many  victims  of  dyspepsia  it  is  inferior 
in  this  respect  to  mutton.  Pork  is,  without  doubt,  digested  with 
grciiter  difficulty  than  any  other  moat,  on  accf»unt  of  its  high  content 
of  fat.     The  evidence  as  to  veal  is  most  conflicting,  some  holding  that 


MEATS.  27 

it  is  digested  very  easily,  while  others  maintain  the  contran'  view. 
<Uertain  it  is  that  many  persons  bear  it  very  badly.  The  white  meat 
of  chickens,  fowls,  and  turkeys,  is  more  delicate  and  is  digested  more 
easily  than  the  dark  meat,  probably  by  reason  of  its  smaller  amount 
^►f  fat.  The  flesh  of  ducks  and  geese  is  harder,  richer,  and  more  diffi- 
cult of  digestion.  Game  birds  are  less  fat  than  i)oultry  and  are  often 
much  better  borne.  Their  habits  of  life  are  unfavorable  to  the  dejx)- 
sition  of  much  fat.  Liver,  kidneys,  and  heart  are  generally  reganled 
as  unsuitiible  as  foods  for  p:»rsons  with  weak  stomaclis,  but  trii>e  and 
sweetbreads  are  usually  easily  bonie. 

•'  Red  Meat  "  and  "  White  Meat." — The  prohibition  of  red  meats 
{beef,  mutton,  veniscm)  to  patients  with  gouty  and  rheumatic  tendencies 
■dates  from  the  time  of  Sydenham,  whose  dietetic  rules  allowed  only 
the  white  meats  (veal,  goat,  young  pig,  chicken)  and  fish  to  such 
persons.  T<xLiv,  many  practitioners  extend  this  prohibition  to  those 
with  diseases  of  the  stomach,  intestines,  and  kidneys,  and  various 
neurases.  The  foundation  of  this  prejudice  against  the  red  meats  is  the 
supposed  presence  in  them  of  a  greater  percentage  of  the  nitrogenous 
-extractives  (creatiu,  xanthin,  guanin,  etc.),  which  are  believed  to  exert 
injurious  ac*tion  in  two  ways :  First,  locally,  by  irritating  the  kidneys 
<luring  the  process  of  their  elimination  from  the  body  ;  and  second,  in 
<':ises  of  imj)aired  fimctional  activity  of  the  kidneys,  by  causing  systemic 
intoxication.  Unfortunately,  however,  for  the  stability  of  this  belief, 
exact  analysis  has  shown  that  the  very  small  amounts  of  these  sub- 
.stances  present  are  practically  the  same  in  both  red  and  white  meats, 
with  the  single  exception  of  venison,  which  contains  them  not,  as  would 
be  surmised,  in  highest  percentage,  but,  in  fact,  in  lowest.  Further- 
more, these  extnictives  arc  not  eliminated  as  such,  but  as  the  normal  ulti- 
mate product  of  metamorphosis,  urea.  It  has  been  suj)|>osed,  t<H>,  that 
the  non-nitn)genous  extractives  (lactic,  butyric,  and  acetic  acids,  etc.)  are 
present  to  a  greater  extent  in  red  than  in  white  meats  and  may  cjuise 
<Jisturbance ;  but  as  a  matter  of  fai^t,  these  are  present  in  extremely 
small  amounts  in  l)()th  red  and  white  meat,  and  cannot  |>ossil)ly  be 
regardeil  as  harmful,  in  view  of  the  fact  that  appreciable  amounts  exert 
no  influence  on  the  system. 

Composition  of  Meats. — In  the  following  tables,  showing  the  com- 
poriition  of  the  edible  portions  of  meats,  the  figures  given  are  taken, 
unites  otherwise  state<l,  from  Bulletin  No.  28  (reviscnl  edition)  of  the 
Offi(»e  of  HxjHTiment  Stations  of  the  IJ.  S.  Department  of  Agriculture  : 
The  Chemical  Conijxysition  of  American  Fo<id  Materials.* 
*  Government  Printing  Office,  Wiwhing:t<)n,  18*.)9. 
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BEEF. 


Cut 


Brisket,  medium  fat  .  .  . 
Chuck,  including  shoulder. 

very  lean 

lean 

medium  fat 

fat 

very  fat 

Average 

Chuck  rib,  very  lean  .    .    . 

lean 

medium  fat 

fat 

Average 

Flank,  very  lean    .... 

lean 

medium  fat .    .    . 

fat 

very  fat 

Average 

Loin,  very  lean 

lean 

medium  fat 

fat 

very  fat 

Average 

l*nHt*rli«>qst'  fitPIik    .    .    .    . 

Sirloin  steak 

Top  of  sirloin 

'iVuderliuLi 

Ribs,  very  lean 

lean 

medium  fat 

fat 

very  fat 

Average 

Rib  rolls,  very  lean   .    .    . 

lean 

medium  fat 

fat 

Average 

Round,  very  lean    .... 

lean 

medium  fat 

fat 

very  fat 

Average 

Round,  sei-ond  cut  .... 
Rump,  very  lean    .... 

lean 

medium  fat 

fat 

very  fat 

Average   .    .    .    .    . 


IS 


. 

•> 

•o 

s 

« 

.a 

j5 

£ 

fx 

< 

54.6 

15.8 

28.5 

0.9 

73.8 

22.3 

3.9 

0.8 

71.3 

20.2 

8.2 

1.0 

68.3 

19.6 

11.9 

0.9 

62.3 

18.5 

18.8 

0.9 

53.2 

17.2 

29.0 

0.9 

i  ^3 

65.0 

1    1 

75.8 

11 

71.3 

:    7 

62.7 

o 

52.0 

_21 
3 
3 
6 
3 
2 

~16 

3 

12 
32 

6 

3 
_56~ 

7 
21 

1 
_6 

4 

6 
15 

9 

1 
35     1 

II 

4 
2 

"11^ 

6 

31 

18 
5 

2     ' 

2 
~4' 

10    I 
5     I 

1    ; 

24  '  ' 


66^ 

70.7' 

67.8 

60.2 

54.2 

34J 

59.3 


70.8 
67.0 
60.6 
54.7 
49.7 
61.3 
60.0 
61.9 
42.2 
59.2 
65.7 
67.9 
55.5 
48.5 
45.9 
57.0 
7.S.7 
69.0 
63.9 
51.5 
64.^ 
'73.6" 
70.0 
6-3.5 
60.4 
55.0 
"67.8'_ 
^69.8_ 

~7i:2 

65.7 
56.7 
47.1 
_40.2 
57".9  ' 


_19^_ 
22.2 
19.5 
18.5 
16^6 

J9.0 
25.9 
20.8 
18.9 
17.1 
14.0 


_25.4 

lA 

8.3 

lij.0 

31.1 


0.9 
1.1 
1.0 
1.0 
0.8 


13.4 

1.0 

3.3 

1.2    1 

11.3 

1.0 

21.0 

0.9 

28  4 

0.8 

51.8 

0.7 

19.6 


24.6 

3.7 

19.7 

12.7 

18.5 

20.2 

17.5 

27.6 

17.8 

32.3 

l9;o  ' 

19.1 

21.9 
18.9 
13.8 
16.2 
21.9 
19.6 
17.5 
15.0 
14.6 

_17.8 
20.8 
20.2 
19.3 
17.2 
f9.4 " 

~22:6 
21.3 
20.3 
19.5 
18.2 


1495 

580 

720 

865 

1135 

1555 

~1005^ 

470 

715 

1105 

1620 

920 

620 

865 

1240 

1515 

2445 


20.9 
2a4_ 
"2,S.O 
20.9 
17.4 
16.8 
15.0 
18.7"" 
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BEEF.— am/*ntt«/. 


Cut. 


Beef  heart 

Kidney  (carbohrd rates  0.4) 
Liver  (carbohydrates  1.5)   .    . 

Marrow 

Tongriie 

Liinpi 

Suet      

Roafit  beef  (cut  not  ftpecified)  . 

Sirloin  steak,  baked 

Broiled  tenderloin      

Round  steak 


<''anned  corned  beef  .  .  . 
Canned  n)a8t  beef .  .  .  . 
Canned  whole  tongue     .    . 

r'anned  tripe 

<omed  beef  (all  cuts)    .    . 

TongucH,  pickled 

Tripe  (carbohydrates  0.2) 


1620 
875 

laoo 

840 
1280 
1105 
1340 

670 
1395' 
lia5 

270 


PORK. 


Cut 


Ham,  fresh,  lean 

medium  fat 

fat 

visible  fat  largely  removed 
Ix)in  (chops),  lean 

medium  fat 

fat 

Tenderloin 

Shoulder 

Feet      

Head  cheese 

Kidney 

IJver  (carbohydrates  1.4)    .    . 

Ham,  smoked,  lean 

medium  fat 

fat 

smoked,  boiled 

Shoulder,  smoked,  medium  fat 

fat     .   .    

Salt  pork,  fat 

lean  ends     

Baoon,  smoked,  lean  ... 

medium  fat  .....    . 


10     ' 
5 

3     I 

1     I 

'\  ' 

11 
19     , 

8     ' 

3 

2 

1 


5 

flS 


60.0 
63.9 
38.7 
64.5 
60.3 
52.0 
41.8 
66.5 
51.2 
50.7 
43.3 
77.8 
71.4 


•9 
2 
2 

&< 

26.0 
15.3 
12.4 
19.2 
20.3 
16.6 
14.5 
18.9 
13.3 
8.3 
19.5 
15.5 
21.3 


14.4 
28.9 
50.0 
16.2 
19.0 
30.1 
44.4 
13.0 
34.2 
17.4 
33.8 
4.8 
4.5 


< 


1.3 
0.8 
0.7 
0.9 
1.0 
1.0 
0.7 
1.0 
0.8 
0.4 
3.3 
1.2 
1.4 


III 
it.* 

1075 

1605 

2345 

1040 

1180 

1580 

2145 

900 

1690 

1090 

1790 

490 

615 


3 

53.5 

19.8 

20.8 

55 

1245 

4 

40.3 

16.3 

38.8 

4.8 

1940 

4 

27.9 

14.8 

52.3 

'  3.7 

2485 

2 

51.3 

20.2 

22.4 

6.1 

1320 

3 

45.0 

15.9 

32.5 

6.7 

1665 

2 

26.5 

15.1 

53.6 

5.2 

2545 

/ 

7.9 

1.9 

8(J.2 

3.9 

3()70 

4 

19.9 

8.4 

67  1 

5.7  \ 

29H5 

2 

31. S 

15.5 

42.6 

11.0  ! 

2085 

7  _ 

18.8 

9.9 

67.4 

4.4  _ 

3030 
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FOODS. 
VEAL. 


Cut. 


Breast,  lean  .  . 
medium  fat 

Leg,  lean  .  .  . 
medium  fat 
cutlets    .    . 

Loin,  lean  .  . 
medium  fat 
fat  ...    . 

Heart     .... 

Kidney  .... 

Liver     .... 


If 

55 '^ 


9 
10 


5 
^ 


72.1 
66.0 
73.5 
70.0 
70.7 
73.3 
6    I    69.0 


2 

61.6 

1 

73.2 

2 

76.8 

2 

73.0 

«  i 

1 

Prote 

I 

21.7 

5.6  1 

19.6 

14.0 

21.3 

4.1  , 

20.2 

9.0  . 

20.3 

7.7 

20.4 

5.6  ! 

19.9 

10.8 

18.7 

18.9  1 

16.8 

9.6  ' 

16.9 

6.4  1 

19.0 

5.3  ! 

1.1 

1.0 

1.2 

1.2 

1.1 

1.2 

1.0 

1.0  1 

1.0  I 

1.3  1 

1.3  I 


640 
955 
570 
76S 
705^ 
615 
825 
1145. 
720 
585 
575 


MUTTON. 


Cut 


2s 


Hind  leg,  lean      3 

medium  fat 11 

fat 1 

Loin,  medium  fat  without  kidney  and  tallow  .113 

fat  without  kidney  and  tallow 3 

very  fat  without  kidney  and  tallow  .    .    .  '     1 

Fore  quarter i  10 

Hind  Quarter ,10 

Roast  leg,  cooked i     2 

Kidney 1 

Liver  (carbohydrates  5.0) \     2 


67.4  ; 
62.8  I 
oo.O  I 

50.2  ' 

43.3  ' 

30.8  1 

52.9  I 

54.8  I 

50.9  ; 

69.5  ; 
61.2  I 


5 


I 


19.8 
18.5 
17.3 
16.0 
14.7 
10.6 
15.6 
16.7 
26.0 
16.9 
23.1 


12.4 
18.0 
27.1 
33.1 
41.7 
58.7 
30.9 
28.1 
22.6 
12.6 
9.0 


'  1.1 
I  1.0 
0.9 
I  0.8 
0.8 
0.5 
0.9 
0.8 
1.2 
0.9 
1.7 


ill! 

890 
1105 
1465 
169i> 
2035 
2675 
1595 
1495 
1420 
84a 
905 


LAMB. 


Cut. 


Hind  leg,  medium  fat 

fat , 

very  fat 

Ix>in,  without  kidney  and  tallow  . 

Fore  quarter 

Hind  quarter , 

Broiled  chojjs 

Koast  leg 


(» 

'i 

%^ 

4 

'  *'^a 

1 

I 

'III 

1 

:? 

^ 

'm 

•■> 

63.9 

19.2 

16.5 

1.1 

1  ]055 

1 

54.6 

18.3 

27.4 

0.9 

1  1495 

1 

51 .« 

17.6 

30.1 

0.9 

1  1595 

4 

53.1 

18.7 

28.3 

1.0 

1  1540 

S   1 

hr^  1 

18.3 

25.S 

1.0 

;  1430 

1  1 

60.9 

19.6 

19.1 

1.0 

1170 

'  4 

47.6 

21,7 

29.9 

1.3 

1665 

1  1 

67.1 

19.7 

12.7 

0.8 

900 
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POULTRY. 


Cut 


Broiler  chickens 

Fowl* 

Yoong  goose 

Turkey  

Chicken  liver  (carbohydrates  2.4) 
Goose  liver 


*¥A 

'" 

1 

u 

ti 

4 

1 

H 

OS 

& 

3 

74.8 

21.5 

2.5 

1.1 

26 

63.7 

19.3 

16.3 

1.0 

1 

46.7 

16.3 

36.2 

0.8 

3 

55.5 

21.1 

22.9 

1.0 

1 

69.3 

22.4 

4.2 

1.7  ; 

1 

73.8 

19.6 

5.8 

1.0  1 

505 

1045 

1830 

1360 

640 

610 


Hone  Meat. — The  mean  of  twelve  analyses  of  horse  meat  as  given 
by  K5nig  *  is  as  follows  : 

Water 74.27 

Proteids       21.71 

Fat 2.55 

Ash 1.01 

The  objection  to  the  use  of  horseflesh  as  food  is  very  largely  senti- 
mental. It  has  not  the  pleasant  flavor  of  beef,  to  which  we  are  accus- 
tomed, but  when  eaten  in  ignorance  of  its  true  character,  it  makes  no 
implea.sant  impression.  Its  use  is  increasing  steadily  in  Europe,  and 
i.*^  finding  favor  in  America.  In  Paris,  during  1898,21,667  horses, 
52  mules,  and  310  donkeys  were  slaughtered  for  food,  and  of  these  but 
734  horses,  1  mule,  and  7  donkeys  were  condemned  as  unsalable.  The 
meat  was  disposed  of  in  193  shops,  where  the  best  cuts  brought  about 
a  franc  (19.3  cents),  and  the  inferior  parts  10  centimes  (2  cents)  per 
pound.  During  1896,  822  horses  and  mules  were  slaughtered  in 
Stra.«sburg,  and  in  1898  the  number  rose  to  1,099.  In  Vienna,  where 
the  sale  of  the  meat  was  permitted  first  in  1854,  there  were  slaughtered, 
in  18f>9,  25,646  horses  and  58  donkeys.  In  the  whole  of  Prussia, 
there  were  slaughtered,  in  1897,  at  307  abattoirs,  58,484  horses,  and 
in  the  following  year  the  number  n)se  to  03,531.  In  Frankfort,  where, 
in  1847,  the  first  horse-meat  dinner  ever  given  occurred,  about  a  thou- 
sand horses  are  slaughtered  annually,  at  a  s|>ecial  abattoir.  In  the 
United  States,  during  1899,3,232  horses  were  slaughtered  and  offi- 
cially inspected  with  other  food  animals. 

It  is  said  that,  unless  the  fat  of  some  other  animal  or  some  standby 
fiK)d  is  eaten  with  it,  horse  meat  may  «uise  diarrhcra.  Whatever 
oaii.'^es  this  di.sturbance  is  soluble  in  water,  and  may  thus  be  removed 
partially  when  the  meat  is  boileil.  From  water  in  which  horse-mejit 
had  been  boiled,  E.  Pfliiger^  separated  j(»corin,  lecithin,  and  (probably) 
neurin.  He  recommends  the  addition  of  about  25  gnmis  of  beef  or 
mutton  kidney-fat  to  each  kilogram  of  the  nieiit  when  a  mince  is  to 
be  made,  and  that,  in  whatever  form  it  is  consumed,  it  be  served  with 
a  fat  gravy. 

*  ZosammenfletzunK  der  menHchlichen  Xahnings-  und  GeniiHsmittel,  Berlin,  1882. 

*  Archiv  fur  die  gesaramte  Physiologie,  1900,  Bd.  80,  p.  111. 
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Meat  Preparations. — ^Meat  Extracts. — These  are  preparations 
which  are  supposed  often  erroneously  to  contain  all  the  nutritive  parts 
of  the  meats  from  which  they  are  made,  but  they  are  to  be  r^ardetl  as 
stimulants  rather  than  foods,  since  they  represent  the  extractives  and 
not  the  substances  which  determine  the  true  food  value.  In  point  of 
fact,  so  far  as  their  nutritive  properties  are  concerned,  it  has  been 
shown  that  animals  will  die  more  quickly  of  8tar\'ation  when  fed  ex- 
clusively upon  these  stimulating  preparations  than  when  entirely  de- 
prived of  food.  They  are,  however,  of  considerable  value  in  their 
proper  place,  particularly  in  conditions  of  great  fatigue  and  exhaustion. 

Meat  Powder. — Meat  may  easily  be  treated  so  as  to  retain  all  of  its 
nutriment  and  yet  have  a  very  much  diminished  volume.  The  lean 
parts  are  cut  into  small  strips,  dipped  for  a  few  minutes  into  \ery  hot 
fat  (fried),  drained,  and  tlien  slowly  dried  in  an  oven.  When  com- 
pletely dry,  they  are  ground  in  an  ordinary  spice  mill  or  coffee  mill  to 
a  fine  j)owder,  which  keeps  well,  has  an  agreeable  taste  and  a  plciisant 
odor,  is  digested  easily,  and  may  l>e  used  in  a  great  many  different  ways. 

Sausages. — Sausage  is  understood  generally  to  mean  an  article  of 
food  consisting  chiefly  of  finely  chopped  meat,  mainly  pork  and  beef, 
with  or  without  the  addition  of  a  small  amount  of  meal,  highly  sea- 
soned with  spices,  herbs,  and  other  flavorings,  and  stuffed  into  casings 
made  from  cleaned  and  prepared  intestines.  Their  nutritive  value  is, 
therefore,  about  the  same  as  that  of  average  meat.  As  may  be  supposed, 
the  best  cuts  of  meat  are  not  used  in  their  manufacture,  but  only  such 
jmrts  as  cannot  be  disposed  of  in  pieces  of  fair  size  and  of  attractive 
appearance.  But  there  are  sausjiges  and  sausages.  There  are  those 
made  from  meat  of  gcxxl  quality  and  others  from  materials  which 
would  not  be  salable  in  any  other  form. 

Many  of  the  so-called  Frankforters,  sold  at  verj'  low  rates,  and  the 
cheap  Bolognas  are  said  to  consist  largely  of  horse  meat,  immatun* 
veal,  and  the  flesh  of  cows  that  are  no  longer  in  condition  to  pnxluct* 
milk.  Certain  it  is  that  a  not  inconsiderable  number  of  persons  gain 
a  fair  livelihocnl  by  going  about  in  the  conntrv  buying  up  newly  born 
<ialves  and  decrepit  cows,  tuberculous  and  otherwise,  and  horses,  an<l 
that  these  animals  are  not  taken  to  comfortiible  stables  and  inviting 
pastures,  but  to  small  slaughtering  establishments,  the  output  of  which 
is  not  XQTy  largely  butchers'  meat.  To  the  cheaj)  grades  of  sausagc^s 
the  saying  of  Jean  Paul,  "  Only  a  god  can  eat  sausage,  for  only  such 
can  know  of  what  it  is  made,"  applies  very  aptly.  Even  sausagts 
made  from  jx)rk,  esix^cially  those  which  have  undergone  a  pn)cess  of 
cooking  before  being  stuftcil,  are  not  always  beyond  suspicion,  for  the 
trichinous  pork  con(lemne<l  by  govenmient  inspectors  at  ])ublic  abat- 
toirs is  neither  destroyed  nor  c»onverted  into  fertilizers,  but  is  allowed 
to  be  sold  after  being  subjected  to  a  hcjit  sufficient  to  kill  the  parasites  ; 
and  cooked  jx)rk  is  not  commonly  to  Ix*  found  on  sale  as  such. 

Horse  meat  is  said  to  combine  two  advantages  in  the  i)rei>aration  of 
sausage  :  it  is  inexpensive,  and  it  lends  a  firmness  which  increases  as 
the  sausage  is  lK)iled.     A  number  of  chemical  processi»s  have  been  pro- 
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|)o.>ed  for  its  detection,  and  among  them  the  following :  Dr.  Notel  * 
^•overe  coarsely  chopped  horsemeat  with  a  0.1  per  cent,  solution  of 
M>dium  hydroxide,  lets  the  mixture  stand  3  hours  at  37°  C,  and  then 
separates  the  liquid  through  cheese  cloth.  The  liquid  is  injected,  in 
closes  of  8  to  10  cc.,  subcnitaneously  into  a  rabbit  at  intervals  of  2  or 
^5  days  until  10  or  12  injections  have  been  given.  Six  days  after  the 
lust  injection,  the  animal  is  bled  and  its  serum  serves  as  a  reagent. 
The  susj)ected  fixnl  is  ehopj)ed  finely,  covered  with  0.1  per  cent,  sodium 
hydroxide,  allowed  to  stand  2  hours  in  a  warm  room,  and  filtered.  A 
few  drops  of  the  filtrate  are  mixed  in  a  test-tube  with  about  an  equal 
amount  of  the  s(»rimi,  and  other  tubes  containing  filtrate  alone  are  used 
as  crmtmls.  The  tuln^s  are  incubated  at  37^  C,  and  if  the  suspected 
article  contains  horsemeat,  the  tubes  containing  the  serum  will  become 
clmidy  in  from  10  to  40  minutes. 

A  nmnlier  of  tests  which  dej)end  upon  the  reaction  of  iodine  with 
jrlyeogen,  which  is  a  normal  constituent  of  horsemeat,  are  criticised  by 
Xiel>el  *  as  uncertain,  on  account  of  the  presence  of  glycogen  in  liver, 
meat  extnict,  and  very  young  veal. 

In  the  manufacture  of  all  grades  of  sausage,  scrupulous  care  should 
l>e  observed  to  secure  cleanliness  of  the  casings,  which  require  more 
thorough  treatment  than  the  mere  passage  of  water  through  them.  Dr. 
Schilling*  reports  the  examination  of  prepared  intestines  which  yieldwl 
')  grams  of  excrement  i>er  meter. 

Owing  to  the  occurrence'  of  a  gray  color,  which  is  said  by  Meyer  *  to 
l>e  due  to  the  passage  of  salt  by  diffusion  from  the  contents  to  the 
insing,  which  is  rich  in  water  and  j)oor  in  salt,  the  commercial  value 
4»f  certain  varieties  of  stmsage  is  imjmired,  and  hence  it  becomes  neces- 
i<iry  to  apply  artificial  colors,  or  so  to  treat  the  stuffing  that  the  change 
in  color  shall  not  occur.  The  very  red  appearance  which  so  often  sug- 
gi'sts  the  presence  of  (M>al-tar  produ(^ts  may  be  due  to  the  action  of 
harmless  prestTvatives,  like  niter,  or  the  haemoglobin  of  swine  blood. 
In  such  rascy  the  extract  with  alcohol,  glycerin,  or  amyl  alcohol  will 
not  dye  wool,  and  the  color  am  not  l)e  precipitat^nl  as  a  lake. 

According  to  J.  Haldane,*  the  re<l  color  of  cooked  salted  meats  is 
due  to  the  presence  of  NO-hneniochromogen  pnKluced  by  the  decomposi- 
tion of  NO-hfemoglobin,  which  is  formed  by  the  action  of  a  nitrit(»  on 
the  N()-hfemoclm)mogen  in  the  absence  of  oxygen  and  presence  of  re- 
du<*ing  agents.  The  nitrite  is  formtnl  by  reduction,  within  the  raw 
nic^t,  of  the  niter  used  in  salting. 

CVrtiiin  of  the  artificial  siuisiige  colors,  as  "  Oninge  II.,"  the  sodiiun 
s:ilt  of  ^y-naphtholaz()l)enzene,  are  extract<'<l  easily  with  acidulated 
water,  and  will  dye  woolen  fibers  inunersed  therein. 

'  Zeitschrift  fiir  Hv^iene  und  Infec'tionskrankheiten,  XXXIX.,  p.  373. 

*Zeitj«chrift  fur  Ffeish-  und  Milchhy^icne,  1895,  p.  86. 

*  Deutsche  mediciniwhe  Wwhennchrift,  1900,  p.  602. 

♦Chemiker  Zeitung,  1900,  p.  3. 

•Journal  of  Hygiene,  1901,  Vol.  I.,  p.  115. 
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FISH. 

In  the  ordinary  sense  of  thr  word,  fisih  intOiules,  in  addition  to  the 
varic^ties  of  finh  in  its  narrow  si^nsr,  moll  lis  ks  (rlanis,  (»vsters,  niiiii*it4s, 
etc.)  tind  cru^tareiins  ( lobsters,  crabs,  i-niwiish,  and  shrirnps). 

Many  |ire]ndipes  have  existtnl  lri»ru  tlie  earliest  times,  and  to  a  cer- 
tain  extent  sstill  exist,  npiiTist  tlif  nse  of  iisli  in  the  diet*  The  aneient 
belief  that  a  fi.sh  diet  is  a  eoniinon  i'ause  of  leproi^y  still  obtains  to  n 
ei^rtnin  rxtent,  even  ajnon^  enlii^lilentHl  pcojile,  in  spilt'  of  all  scicntifii- 
evidence  to  the  contrary.  Thus,  Mr.  Jonathan  Hntchinstui  ^  niaiii- 
tuins  that  tln*K  disease  is  so  caused,  espeeially  if  t!ie  fish  is  poorly  tanked 
or  partially  dfe<mijK}sed,  He  asst^rts  that  the  disease  prevails  near  the 
sea  and  k  disappearing  before  tlie  atlvance  of  a^rricnltnre  ;  hnt  ojw 
|M»sed  to  this  is  the  fact  that,  in  the  iiiterif^r  <if  India,  tlie  diseJtse  is  verv 
(*<mnnon  among  jK^ople  vvhtise  religion  forbids  the  nse  of  iish,  and  whc*  ^j 
cannot  obtain  it  even  if  it  w^ere  desired.  ^H 

Some  varieties  of  fish  cannot  he  eaten,  Weausc  of  tlieir  inhercnt^^ 
|)oi&onons  pr(j|>ertics.  But  ivw  of  these  rnv,  however,  fonnd  north  of* 
the  tro|>ies.  tSonie  of  them  are  always  poisoiHHis,  and  others  only  at 
certain  times  ;  and  in  scjme  l^ju^cs,  intUvidnals  of  certain  species  may  he 
and  others  may  not  \ye  noxious.  Some  \arieties  of  fish  are  the  host.< 
of  jmrasites,  some  of  which  are  injnricHis  to  man,  hnt  nnlcss  eaten  in 
the  niw  state  they  are  not  likely  to  prodnee  harm. 

Then-  is  a  belief  tliat  fish  is  paiticnhirly  vahiabh*  as  a  bnnii  fotnl,  on 
aeeonnt  of  the  sn]>i><i,se<I  liJ^h  percentage  of  jihosphorns  that  it  contain^*. 
The  amonnt  of  phosphorn.'^  is,  however,  so  far  as  is  known,  no  higher 
in  fish  tlian  in  meat  and,  moreover,  this  ehnn^nt  is  no  more  essential 
to  the  lira  in  and  nervons  system  than  any  others  which  are  present. 
If  there  were  any  truth  in  thi8  common  belief^  we  should  expt^'t 
natnndly  to  find  men  of  mmmanding  intellect  among  those  whose 
diet  consists  mainly  offish,  but,  as  is  well  known,  such  jKHiple  are  of  a 
low  onlcr  f>f  intelligence,  though  not  by  n-ason  of  tln^ir  diet. 

In  spite  ot'  the  large  amouttt  of  nutriment  contained,  fish  has  not  the 
same  satii^tying  properties  that  belong  to  meats,  bnt  it  is  an  exceed- 
ingly valuable  fcHuh  and  in  many  parts  of  nortlieni  (^iuntries  is  the 
principal  animal  fiKxh  The  flavor  of  fish  is  influctuvd  grr^atly  by  the 
nature  of  the  fi»od  supply  and  by  the  ctmtcnt  of  fat.  <ient'ndly  speak^ 
ing,  salt- water  fish  fVom  de-ep  water,  where  the  current  is  gtrtaig,  are 
better  than  those  from  shallow,  warm,  and  quiet  water,  and  Imth  sjdt- 
wsitcr  and  fresh-water  fish  taken  from  ro<'ky  aiMl  siiidy  Imttoms  are 
prefern^l  to  those  from  muddy  Ijottoms. 

(\mdition  is  de|xiidcnt  n\mn  a  variety  of  cii-cnmstaneo.  Some  fish 
are  n^g:irded  most  highly  iluriug  their  spawning  season  (sliad  and 
smelts),  while  others  are  hwikt^l  nptai  with  disfavor  at  this  period. 
Fish  eauglit  by  tlu'  gills  in  gill  nets  die  slowly,  but  dcH'ompose  njpidly, 
and  such  are  of  inferior  flavor  ancl  value.  Fish  taken  frcun  the  water 
'  Arcbivea  of  Sui-gfiy,  April,  1899. 
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alive  and  killed  at  once  remain  firm  and  retain  their  flavor  longer  than 
those  allowed  to  die  slowly. 

Digestibility. — So  far  as  is  known,  the  digestibility  of  fish  and  meat 
is  about  equal,  but,  as  is  true  of  meats,  different  varieties  of  fish  are 
differently  digestible.  Thus,  those  wliieh  contain  the  greatest  per- 
centages of  fat,  as  salmon,  eels,  and  mackerel,  are  the  most  difficult  of 
digestion.  The  processes  of  drying,  smoking,  siilting,  and  pickling 
lessen  digestibility,  and  fish  so  treated  are,  in  consequence,  less  suited 
to  the  needs  of  invalids  and  dyspeptics.  The  mollusks  are  r^arded 
genenilly  as  most  digestible,  while  the  cmstaceans  are  believed  to  tax 
the  digestive  powers  much  more  than  any  other  animal  food.  Many 
|)ersons  are  unable  to  digest  them  in  any  form,  and  others  who  suffer 
no  inconvenience,  so  far  as  digestion  is  concerned,  are  obliged  to  prac- 
tise self-ilenial,  because  of  idiosyncrasy,  which  manifests  itself  in  dis- 
tressing eruptive  dis<^)nlers  of  the  skin,  dizziness,  and  other  nervous 
symptoms.  Lobster  and  crabs  are  much  alike,  but  the  former  is  lees 
likely  to  disagree.  The  claws  of  the  lobster  are  more  tender  and  deli- 
cate than  the  tail,  which  is  firmer  aud  much  closer  grained.  Shrimps 
are  rated  generally  as  more  difficult  of  digestion  than  lobsters  and 
crabs,  but  with  many  they  are  borne  more  easily. 

The  mollusks  are  more  digestible  in  the  raw  state  than  when  cooked. 
The  comparatively  tough  part  of  the  oyster,  the  adductor  muscle,  is 
ver>'  trying  to  some  persons,  and  for  such  it  is  best  removed  and 
rejected. 

Keeping  Q^ialities. — Fish  flesh  differs  verj'  greatly  from  meats  in 
keeping  qualities.  While  the  latter  are  improved  up  to  a  certain  point 
by  hanging,  fish  should  be  eaten  while  fairly  fresh,  since  decomposition 
sets  in  very  quickly.  Some  varieties,  as  halibut,  cod,  haddock,  and 
turbot^  may  be  kept  a  week  or  more  when  properly  cared  for,  while 
others  bc^in  to  deteriorate  almost  immediately.  So  long  as  the  flesh 
is  firm  and  stiff,  all  fish  Ls  edible,  but  when  it  is  cnished  readily  by 
gentle  pressure  between  the  fingers,  it  is  unsound  and  should  be  re- 
jected. Mollusks  and  crustaceans  decompose  very  quickly,  and  the 
latter  when  boiled  a  short  time  after  natural  death  have  but  little 
flavor. 

Composition. — In  proteids,  fish  rank  nearly  as  high  as  meats,  but 
they  are  very  much  poorer  in  fat,  only  a  few  varieties  yielduig  over  1 0 
per  cent.  These  include  salmon,  turlK»t,  lamprey  eels,  eels,  butterfish, 
lake  trout,  and  herring,  and  are  followcHi  by  shad  and  Spanish  mack- 
erel, with  over  9  per  cent.  The  great  majority  of  species  contain  less 
than  5  per  cent.,  and  many  of  the  commoner  kinds  even  less  than  I 
^et  cent.  In  fact,  most  fish  flesh  yields  more  minenil  matter  than  fat. 
Shellfish  are  fairly  rich  in  proteids  and  contiiin  notable  amounts  of 
carbohydrates,  but  they  are  very  poor  in  fat. 

The  chemical  composition  of  the  edible  jwrtions  of  many  varieties  of 
American  fiftb-  isgiven  in  the  following  table  compiled  from  the  report 
of  the  I'.  8.  Commissioner  of  Fish  and  Fisheries  for  1 888  : 
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In  fleib. 


Kinds  of  fish. 


ProteicU.       Fat.    ,    Auh.      Total.    Water.  !^^^  ^*^"f 


bass  . 


Otdifornia  salmon  . 

I':el 

Salmon 

Spanish  mackerel  . 
l^ke  trout  .... 
Whitefish  .... 
iiutterfish    .... 

Sliad 

Lamprey  eel   .    .    . 

Turbot 

Mackerel 

Herring 

Pompano 

Alewife    .... 
Small-mouthed  black 

Halibut 

Sheepshead  

White  perch 

Pollock 

I'isco 

Muskellunge 

Striped  bass  .      

Brook  trout 

Red  snapper 

lUuefish   ... 
Large-mouthed  black  bass  . 
Small-mouthed  red-horse  .    . 

Sturgeon  

Skat€ 

Weakfiah 

lilackfish 

Smelt 

Kinfirfish 

Sea  bass 

iirouper 

Yellow  |)erch 

Pike  perch,  Wall-eyed  pike 

Pickerel 

Pike  perch,  (rray  pike  .    .    . 

Haddock  .    .    .  * 

Tomcod 

Red  bass 

Cusk 

CV)d 

Hake 

Common  flounder 

Winter  flounder 


I 


Spent  finh. 

Spent  salmon 

Spent  laDd-lo(*ke<l  salmon   .    . 


perct. 

per  ft.  ' 

pcrct 

17.46 

17.87  . 

1.06 

15.82 

:  18.74  ; 

0.93 

20.77 

12.09 

1.38 

20.97 

9.43  , 

1.50 

18.22 

11.38  . 

1.26 

22.06 

'    6.49 

1.62 

17.81 

,  11.03 

1.14 

18.55 

'    9.48 

1.35 

14.93 

'  13  29 

0.66 

12.92 

14.41 

1.28 

18.77 

8.21 ; 

1.40 

18.19 

1    8.02  1 

1.69 

18.65 

1    7.57 

1.00 

19.17 

1    4.92 

1.47 

21.50 

1    2.44 

1.24 

18.35 

5.18 

i.a5 

19.54 

3  69 

1.22 

19.03 

4.07 

L19 

21.65 

0.78 

1.55 

19.12 

3.48 

1.25 

19.63 

1    2.54 

1.57 

18.31 

2.83 

1.16 

18.97 

i    2.10 

1.21 

19.20 

1     1.03 

1.31 

19.02 

1     1.25 

1.27 

19.24 

.     0.96  , 

1.19 

17.90 

!     2.35  1 

1.19 

17.96 

,     1.90  ' 

1.43 

18.82 

0.93 

1.43 

17.45 

2.39 

1.19 

18.47 

1     1.35 

l.OS 

17.36 

'     1.80 

1.68 

18.66 

,    0.95 

1.18 

18.75 

0.49 

1.44 

18.80 

0.60 

1.15 

18.49 

0.70 

1.29 

1S.42 

047 

l.,37 

18.64 

0.50 

1.18 

17.26 

0.76 

1.13 

17.10 

0.26 

1.25 

17.08 

0.38 

0.99 

16.68 

053 

1.23 

16.92 

.     0.17 

0.90 

16.(K) 

0.30 

1.24 

15.24 

0.67 

0.98 

13.S2 

0.69 

1.2« 

14.01 

0.44 

1.20 

18.52 

3.60 

1.14 

17.24 

2.98 

1.24 

perct. 
36.39 
.  35.49 
I  34.24 
I  31.90 
I  30.86 
I  30.17 
29.98 
29.38 
28.88 
28.61 
28.38 
27.90 
27.22 
25.56 
25.18 
24.58 
24.45 
24.29 
23.98 
23.85 
23.74 
,  22.30 
22.28 
'  2l!54 
21.54 
21.39 
21.44 
21.29 
21.18 
21.03 
20.90 
20.84 
20.79 
20.6S 
20.55 
20.48 
20. 2r, 
20.32 
19.15 
18.61 
1S.45 
'  18.44 
17.99 
17.54 
16.89 
15.79 
,  15.65 


perct. 
63.61 
64.51 
65.76 
68.10 
69.14 
69.83 
70.02 
70.62 
7L12 
71.39 
71.62 
72.10 
72.78 
74.44 
74.82 
75.42 
75.55 
75.71 
76.02 
76.15 
76.26 
77.70 
77.72 
78.46 
78.46 
78.61 
78.56 
78.71 
78.82 
78.97 
79.10 
79.16 
79.21 
79.32 
79.45 
79.52 
79.74 
79.68 
80.85 
8139 
81.55 
81.56 
82.01 
82.46 
83.11 
84.21 
84.35 


23.26     76.74 
21.46     78.54 


per  pound. 

Calorie*. 
1,080 
1,085 
895 
790 
820 
685 
795 
745 
840 
850 
695 
675 
665 
565 
505 
560 
520 
525 
435 
505 
470 
460 
440 
400 
405 
400 
430 
415 
390 
425 
400 
400 
385 
370 
375 
375 
360 
370 
355 
330 
335 
335 
320 
310 
310 
285 
280 


495 
445 
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Fish. 


Desiccated  codfish  (tUh  meal) 

8ult  i*odti8h         

ffalt  mackerel 

Smoked  huddock 

Smoked  Indibut 

Smokeil  herring 

Canned  sahnon 

<  *anned  mackerel 

<  'sunned  tunny 


Edible  portion. 


Nuiricnts. 


2 


perct. 
74.46 
21.42 
18.88 
33.68 
20.57 
36.44 
20.06 
19.91 
21.52 


I 


perct. 

per  ct. 

,     1.00 

5.41 

0.34 

1.62 

25.12 

2.59 

0.17 

1.53 

15.03 

2.06 

15.82 

1.53 

16.70 

1.32 

8.68 

1.30 

i    4.05 

1.69 

perct. 
84.75 
46.42 
56.99 
27.44 
50.62 
65.45 
38.12 
31.82 
27.26 


I 


per  ct. 
15.25 
53.58 
43.01 
72.56 
49.38 
34.56 
61.88 
68.18 
2.74 


i      "2 

;    2. 


Calur. 
1,465 

410 
1,410 

445 


perct. 

2.88 
23.04 
10.40 

2.06 


1,015  I  12.96 
1,345  ,  11.66 
1,035  ! 

735  , 

570  1 


1.04 


Fish. 


2i 


(Oysters 9.78 

Oyster  li<|ii<>r i     1.48  ; 


<*anned  oynterH 

Lonj;  clamH 

I»iig  clams  ( canned  i 
Round  clams  .... 
Round  clams  (canned) 

MiiAHels 

Scallops 


.41 
14.55  I 
17.73  I 
11.59  1 
16.70 
12.51  I 
14.75 


I-obnter 14.49 

Lobster  (canned) |  18.13 

Crab 16.64 

Crab  (canned) 15.80 

Shrimfis  (canned) i  25.38 

Terrapin 21.23 

Green  turtle 19.84 


2.05 
0.03 
2.07 
1.79 
2.89 
0.74 
1.27 
1.67 
0.17 
1.84 
1.07 
1.96 
1.55 
1.00 
3.47 
0.53 


|i 

A 

5.89 
0.75 
3.95 
2.94 
1.59 
7.21 
4.14 
5.42 
3.38 


A 
i 


1.98 
2.13 
1.31 
2.76 
3.16 
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2.58 
1.02 
1.20 


3 

o 


19.70 
4.39 
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22.04 
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24.44 
21.33 
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80.30 
95.61 
85.26 
77.96 
74.63 
78.24 
75.56 
78.67 
80.32 


Meat  and  Fish  and  Parasitic  Disease. 

Man  i.<  often  the  host  of  para.sitos  through  in^stion  of  infestod  meat 
an<l  fish.  Of  these,  tlic  most  common  is  the  tapeworm,  of  which  at 
least  ten  s|)ecies  are  known,  thimgh  only  thra»  have  been  demonstnitwl 
as  hjiving  any  conne<*tion  with  fo(K!.  The.<e  are  Ttenia  saginatii  (T. 
me^liocsineUata)  due  to  mejisly  Ix'ef,  Tienia  solium  to  meiisly  |)ork,  and 
Bothriocephalus  latus  to  infested  sturgeon,  pike,  perch,  and  sidmon. 
The  latter  is  very  nire  in  this  country,  though  not  uncommon  along 
the  Riltic.  Of  the  large  numlK^r  of  worms  wliich  infest  fish,  this  is  th(^ 
only  one  know^n  to  l^e  conveyed  to  man.  It  is  killed  very  quickly  if 
the  fisii  18  cfK)ked  pn>p<Tly. 

The  larval  forms  of  T.  saginatji  and  T.  solium  exist  in  l)eef  and 
pork  respectively  as  Cystic^-nnis  hovis  and  (\  (M'llulosje.  The  latter 
is  found  rarely  also  in  mutton.     Meats  infestcKl  with  these  forms  are 
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known  as  "  raeasly  "  or  "  measled,"  and  the  animals  from  which  the 
meats  are  derived  are  known  as  the  intermediate  hosts,  man  being 
the  final  host.  The  life  history  of  the  tiipeworm  is  much  more  simple 
than  that  of  many  other  pardsit(«.  Beginning  with  the  adult  tape- 
wonn  in  man,  the  cycle  is  as  follows  :  From  each  individual  segment, 
which  is  possessed  of  a  complete  reproductive  system,  great  numbers 
of  eggs  are  discharged.  The  latter  are  expelled  from  the  intestine  with 
the  feces,  and  some  of  them  eventually  may  enter  the  digestive  tract  of 
cattle  or  swine  through  tlie  food  or  water.  In  the  intestine,  the  embrviw 
become  liberated  from  the  eggs,  and  they  then  make  their  way  in  large 
numbers  to  the  muscular  tissues,  brain,  liver,  and  other  parts,  where 
they  come  to  rest  and  develop  as  bladder  worms.  The  bladders  are 
variable  in  size,  the  smallest  biding  about  -^^  inch,  and  the  largest  about 
^  inch  across,  and,  in  the  flesh,  are  embedded  between  the  muscular 
fibers.  The  living  animal  shows  nothing  in  its  appearance  to  indicate 
the  presence  of  the  parasite,  excepting  when  the  cyst  can  be  seen  in  the 
under  side  of  the  tongue  or  between  the  tongue  and  the  lower  jaw.  If 
now  the  animal  is  slaughtered  and  the  meat  is  eaten  raw  or  imperfectly 
cooked,  the  Cysticercus  is  frei^  from  its  enveloping  ciipsule  and  j)ro- 
ceeds  to  develop  into  an  adult  tapeworm,  and  the  cycle  is  complete. 
The  CS'sticercus  bovis  dies  within  two  or  three  weeks  after  the 
ijlaughter  of  its  host,  and,  therefore,  measled  beef,  kept  for  three  weeks 
in  cold  storage,  becomes  incjijmble  of  j>roducing  harmful  eflTects.  It  is 
killed  within  24  hours  by  pickling  solutions  of  (»ommon  salt,  when 
brought  into  intimate  contact.  The  Cysticercus  cellulosae  lives  rather 
longer  in  cold  stonige :  probably  a  month  or  more,  Both  of  these 
larvae  are  killed  by  exposure  to  a  temperature  of  140°  F.  for  5 
minutes,  and  as  this  is  lower  than  the  temjx'rature  in  the  interior  of 
Avell-cooked  meat,  it  is  necessarj'  only  to  make  sure  that  the  meat  is 
properly  eookwi  to  escape  danger.  Neither  parasite  is  destroyed  by 
ordinary  smoking  or  salting,  but  both  are  killed  by  hot  smoking. 

The  sale  of  mejisled  meat  is  permitted  in  many  countries  of  Eun)pe, 
but  it  must  be  sold  as  such  and  only  in  specially  designated  places.  It 
finds  a  ready  market  at  a  low  price,  and  the  purchasers  are  warned 
that  it  should  Ik?  cooked  thoroughly.  According  to  Virchow,  since  the 
introduction  of  systematic  meat  ins|)ection,  the  proportion  of  ta{)ew()rm 
in  the  human  subject  dissected  in  Berlin  has  fallen  from  1  in  31  to  1 
in  2H0. 

A  parasite  of  far  greater  importance  is  the  Trichina  spiralis,  which 
is  found  almost  exclusively  in  jK>rk  and  only  occasionally  in  the  flesh 
of  other  mammals  and  of  birds  and  frogs.  Trichina?  are  small,  thread- 
like worms,  much  longer  than  one  would  suppose  on  passing  examina- 
tion of  fairly  thick  microscopic  preparations,  since  they  are  coiled  with 
several  turns  within  the  minute  cysts  in  which  they  are  hxlged.  In 
Plate  I.,  Fig.  1,  is  shown  one  of  the  parasites  in  the  free  state.  In  the 
pig  the  worm  infests  both  the  fat  and  the  voluntary  muscles,  but  chiefly 
the  latter,  and  es|Kxrially  the  diaphragni,  tiie  intereostals,  and  the  mus- 
cles of  the  jaw.     When  encapsulated  in  the  flesh,  their  location  may  be 
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Fig.  1. 


Free  Trichina.     X  38. 


Fifl.  •^. 


Trichinae   in    Human    Muscle.     X  76. 
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ninrt4^les,  trejitetl  a  iew  miniitiA>  in  weak  «*inisti<*  potiLsfi  Hihitiim  (1  :  10), 
are  K)on  nuido  sufficiontly  Avar  tn  iv\  eal  tlic  vn'iM  wt^riii  midiT  a  len« 
•  »f  low  power.  If  vory  imuli  fat  is  preseuL  or  if  tlio  mpi^iik^  has 
l>ec<:iine  ailcjircous  and  tliick,  it  niay  be  iKHjessun*  to  ciiiploy  etht?r  or 
iicvtie  acid  hcton*  a|i[dyiri^  the  ]Hitaslj.  Whcu  die  parasites  are  veiy 
iiumcrou.s  dio  Wesli  is  imlU  r^|jeekled  ami  pale. 

Our  tir>?t  knowletl^e  iif  the  seriiMis?  efteets  wliieh  may  result  from 
eating  infestcil  pt>rk  tbtes  baek  oidy  Uy  iH^JUj  althouixli  tlie  para^site  had 
been  diseoven^'tl  in  the  museles  (»f'  a  liunuiii  sal*jeet  Ijy  Jaiiu*t^  l^^iJL^'^'t  in 
1833  and  named  by  Kiehard  Owen,  It  l*>ii<:  wiis  n^^^ardt^l  as  a  harm- 
less parasite  and  ciirii^sity,  and  its  et!tH*ts  were  mi.^takeu  i'nr  rlieiima- 
tL^m,  typlioid  tever,  and  otlier  din^'ases  t>f  common  oeeurrencc.  The 
case  which  finally  reveakHi  its  ea|iaeity  for  harm  was  that  of  a  y*>niig 
woman  adnntted  tii  the  hospital  at  Dresileri  sntfering;  it  was  snp[iose<I, 
from  typhi »id  fever.  In  a  short  time,  a  tmin  of  symptums  (piite  unlike 
tJio??e  of  that  disesi-se  appear* 'cl,  tiie  mnst  marked  *me  being  very  aeute 
pain  involving  the  entire  niuseular  system,  and  intensified  on  attempting 
to  movp.  On  aeeount  of  the  agimy  iudueedj  extension  of  the  arms 
ami  legs  was  rpiite  impossible.  Pneumonia  stqitTvened,  and  in  a  few 
<I:iys  the  vieiim  ditxL  Tlie  antnpsy  revejrled  the  pamsite  iu  vast  mmd>ei*s 
in  the  museles,  and  this  led  to  further  investigation,  whieli  showed 
that,  four  ilayss  before  the  firsit  symptoms  of  ilhiess  aj^jK-aivd,  she  had 
eaten  freshly  killtMl  pork.  Some  of  this  was  seeured  in  the  form  of  ham 
and  saitHiige,  and  examination  dcmonstnited  the  pns^ence  of  (lie  jKinisite. 
The  first  extensive  outbn'ak  whieh  eaus(^l  the  ilisease  to  !>e  looked 
upon  a.s  one  of  great  importanee  iHTurred  in  I'nissia  in  1S(>3,  when 
more  than  20  persons  died  within  a  month  nWvr  a  dinner  in  w^hieh  103 
had  parrieijMited,  and  at  which  smoke<l  siuistges  matle  from  an  infested 
pig  had  bt»en  server b  The  parasites  were  diseovernl  in  the  muscles 
of  th«ise  who  (lie<J  and  in  the  sausjiges  that  remained.  Since  that 
time,  it  has  bc*en  customary  in  most  large  slauglit<Ting  estalilishments 
to  examine  pork  for  evidence  of  the  parasite,  bi*fr>re  passing  it  as  (it  for 
finxb  But  examination  is  ufit  jdways  a  safeguanb  even  in  eon n tries 
where  it  is  observe«l  most  carefully.  In  (icrmany,  for  instance^  -wliere 
all  mentis  are  supposed  to  I>e  examined  with  scrupulous  care,  particu- 
larly those  fn>m  the  Unitefl  States,  tlie  disease  is  verv  ctjmmon. 

Ill  1883,  on  account  of  the  allegtHl  dangers  wliieh  lurked  iu  Ameri- 
mn  meats,  mnKirtatit>u  was  inlenhctctl  for  a  time,  I  ait  in  the  stHretnl- 
ing  15  yearn  there  were  in  Prussia  iilone  3,fH>;j  eases  and  jI(>7  deaths, 
not  one  of  which  cxmld  be  ti*ace<l  to  Ameriwm  meat  either  salted, 
pickled,  canned,  or  matle  into  smoked  sansiiges.  Over  40  jkt  cent. 
f*f  the  cases  were  traced  to  Knrnjjeau  meat  wliicli  had  been  passed  as 
free  from  tri(^hirHe,  and  itie  r<'st  to  European  meat  which  hnd  been 
f»Kmd  to  contain  the  parasite,  bat  had,  nevertlicless,  been  handle<l  by 
the  trade.  During  189!>,  the  para^^ites  were  found  by  the  microsctjpists 
of  the  V,  S.  r)e|}iirtment  of  Agriculture  in  41,f>5!t*  of  the  2,227,740 
b()g8  examined. 
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It  is  probable,  as  8tate<l  liy  diarlef*  W.  Stiles  J  who  eollectefl 
aljijul  ftOO  rojiorti^Hl  cases  whii'li  luul  (HvurrtHl  in  this  count r>^  during 
tiie  l^H  yenrs  IKGd-lHO'),  that  tlic  iliseiise  is  more  (xnnmon  in  the 
l^nitetl  States  than  generally  i>  siip|K)seil.  It  is  accepted  ct^mmonly 
rliat  1  i*v  2  |K»r  cent*  of  dissi'etint::*rootu  ?inliieets  slit^w  evidence  *if 
the  parasite^  bnt  it  wotdd  npju-ar  tVuni  the  inveMigatiims  of  H*  U. 
Williiinis  ^  that  this  eslinitite  is  mnch  tuo  low,  fnr  careful  exandnutinn 
of  "ii>r>  cadavers  taken  at  raiidotn  showed  ohl  eneiipsidati^jn  and  c^ilcifi- 
cation  in  no  less  than  27  in>tanct^,  or  5.34  per  cent.  The  birtbplan- 
ijf  the  subjects  iochule4l  all  ^f  the  iiit*st  inipcirtani  conntries  of  Eiiroj>e 
and  North  America,  bnt  the  number  of  easi-s  exarjiincd  was  too  t^niidl 
to  admit  of  aecumte  etmclnsions  as  to  the  inflnence  of  nationality  iijmmi 
the  ft'cqncncy  of  the  disejtse.  It  i?  evident  tliat  many  cases  of  tricliinijsis 
est^ijje  dettrlion,  antl  tliat,  as  Williams  points  out,  estimates  have  Ik^cu 
base<l  i»u  naked H/ye  diagnosis. 

In  ^pite  of  the  danger  of  eating  tricbijions  meat,  there  are  those  win* 
are  not  deterred  by  fesir  from  eating  it,  In  Germany,  for  mstan<!e,  it 
has  happened  a  nnnd^T  of  times  tliat  hogs  which  have  been  condemind 
and  onlered  huric^l  by  the  sinvit^try  authorities  have  lieen  dug  up  sur- 
n-ptitionsly  and  esiten,^ 

Trichinosis  Invars  certain  ivseudilauees  to  typhoid  fever  an«l  to  acute  tn- 
beri!ulosis,  but  in  addition  is  aec^jnipanied  by  redcma  and  intense  paiTi- 
It  arises  from  eating  the  iidestcM:l  meat  in  a  raw  or  not  well  ciMjkt*! 
con^litioiL  The  trichina^  arc  killc<l  by  cxjiosure  In  15.')°  F.,  if  tliey  are 
not  eiieapsyhiK'd  ;  otlirrwisc  by  a  tempiTature  of  158°  to  ItrO^.  Tbtv 
are  not  atrectc<l  by  intense  cnld,  pntretactive  processes,  nor  onlinary 
t^nioking,  l)nt  are  killed  by  long  jiickling. 

The  tirst  symptt*nis  appear  in  a  few  days  after  ingestion,  and  indi- 
cate irritation  ul'  the  alitucntary  canal.  Thex^  are  fullowtxl  by  fel»rile 
symptoms  and  intense  mnsc'tdar  pains.  I>fiith  may  occur  within  a 
few  wTeks.  [n  ensi:^  of  r«H"(»ver)%  the  pai*a>itej?  Ix'tiime  eneyRted,  and 
then  are  ineapahh'  of  jtroduring  furtlirr  injury  to  their  host.  The 
manner  in  whicli  they  prndniv  their  elftrts  is  as  follows:  When  (be 
infested  ment  reaches  the  stMmaeh*  the  digestive  juices  dissolve  ihe 
capsule^s  and  the  pamsitt»s  thus  are  left  in  a  free  state.  In  the  inteia- 
tine,  they  firjd  conditiotjs  favonible  to  growth,  and  in  a  tew  days*  time 
they  grow  so  large  that  they  can  Ih-  sctii  witli  tlie  nakifl  eye  and  apprar 
like  tine  thn'ads. 

The  female  parasites  wInti  fully  mature  tregin  tn  j>rodace  ytaing, 
each  to  the  extent  of  upwanl  of  500.  These  liegin  at  once  a  nugni- 
tion  througli  tlie  walls  of  the  tntestiue  ami  find  their  way  to  all  part- 
of  the  body,  and  it  is  during  this  -tagt-  that  the  fever  and  intense  jmiJi 
are  auised. 

In  Plate  I,,  Fig.  2»  and  Plate  II,,  Fig.  1,  are  seen  tliin  sections  of 
mii&cle  frf»m  a  human    subject,  sliowing  the  worm  coile*!  tip  and  the 

'  Phi  In  del  phi  II  MiMlicnl  Jt>!inuil,  .June  I,  ItMil. 

*  Jonnifll  of  Me<lk".ii  Resell nli,  July,  VM\,  p.  *j4. 

•  For  an  iircrnini  of  surh  a  case  consult  Zeitscbritl  fur  Fleiwli*  und  Milcbhygiene^ 
imi,  VI L,  p.  ]m. 


Trichinae   in    Human    Muscle,  showing  Thickened 
Capsule.     X  78. 


Fig.  2. 


Trichinae   in    Pig   Muscle.     X  78. 
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thickened  ca[>8ule  formed  about  it.  In  Plate  II.,  Fig.  2,  it  may  be 
Hcen  within  the  muscle  of  an  infested  pig. 

The  sheep  disease  which  is  known  as  rot,  which  term,  it  must  be 
Kiid,  is  used  to  include  a  large  number  of  abnormal  conditions,  but 
which,  hi  its  strict  application,  means  a  parasitic  disease  of  the  liver,  is 
believed  by  many  to  be  of  sufficient  importance  to  warrant  the  con- 
<lemnation  of  the  flesh  of  the  animal,  but  the  scientific  evidence  on  this 
point  is  to  the  effect  that  no  possible  harm  can  come  to  the  consumer, 
oven  though  the  liver  itself  be  eaten.  The  parasite  infests  not  alone 
she<^p,  but  cattle  as  well,  and  is  known  as  the  "  fluke."  ()f  the  many 
varieties  of  flukes,  there  are  but  two  known  in  the  United  States ;  these 
SLTv  the  common  liver  fluke  (leberwurm,  leber^el,  schafegel,  douve 
Ii6patique)  and  the  large  American  fluke.  The  former  infests  cattle 
and  sheep  ;  the  latter,  only  cattle. 

The  life  historv'  of  the  worm  is  exceedingly  complicated,  and  is  as 
follows :  The  adult  or  hermaphroditic  worm  fertilizes  itself  in  the 
biliary  passages  of  the  liver,  and  produces  an  exceedingly  large  num- 
b<T  of  ^gs,  which  pass  to  the  intestine  of  the  host  with  the  bile,  and 
are  expeuSl  in  the  feces.  Such  of  the  eggs  as  eventually  reach  water 
give  rise  after  a  longer  or  shorter  period,  according  to  temperature,  to 
a  ciliate<l  embryo,  which  on  its  escape  from  the  egg  becomes  a  free 
swimming  ciliated  miracidium,  and  enters  the  body  of  certain  species 
of  snails,  where  it  comes  to  rest.  Here  the  organism  grows,  and,  after 
a  time,  certain  germ  cells  in  its  posterior  portion  develop  a  still  diflFer- 
ent  form  of  life,  the  ridiag.  These  wander  to  the  host's  liver  and  in- 
crease in  size,  and  in  turn  develop  from  their  germ  cells  the  next  gen- 
eration, which  are  called  cercarige.  These  leave  the  body  of  the  snail 
and  swim  about  in  the  water,  and  some  become  attached  to  blades  of 
grass,  where  they  form  enveloping  cysts  and  undergo  anatomical  changes. 
For  their  next  stage  it  is  nef»x?ssiiry  that  they  be  re(»eive<l  into  the  stomach 
of  some  herbivorous  animal  by  l)eing  swallowed  with  the  grass  to  which 
they  are  attiiched.  On  reaching  the  stomach,  the  cysts  are  destroyed  and 
the  panisites  migrate*  to  the  liver  and  hec^)me  adult  hermaphrodites,  thus 
coniph»ting  the  cycle.  Occjisionally  they  wander  to  the  lungs  and  other 
jKirts  (»f  the  ImhIv.  In  the  liver,  the  parasites  attach  themselves  to  the 
wall<  of  tlie  bile  ducts,  which  may  become  (V)ni])letely  blocked,  and  they 
c^use  the  breaking-down  of  the  surmunding  tissue>5  and  general  sym[)tonis 
due  to  structural  changes.  The  parasite  cannot  be  transmitted  directly 
from  animal  to  man,  since  it  n»quin»s  an  intermeiliate  host,  and  in  the 
>tage  prweding  its  final  development  it  is  not  attached  to  material  con- 
stituting human  fo(Kl.  Then*  are,  to  be  sun*,  some  instances  of  the  dis- 
ease in  man,  though  not  by  direct  transmission  from  meat.  The  con- 
dition causcil  by  flukes  is  known  variously  as  rot,  liver  rot,  fluke  dis- 
ease, and  distomatosis. 
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TRANSMISSION  OF  DISEASE    BY   lEEAT  AND    FISH. 

Living  pathogenic  bacteria  in  diseased  meat  and  fish  may  gain  access 
to  the  stomach  in  limited  numbers  and  b^et  no  disease.  If  they  are 
not  destroyed  by  the  gastric  juice,  they  have  to  contend  with  myriads 
of  organisms  normal  to  the  intestines,  and  it  is  only  when  the  condi- 
tions are  such  as  to  favor  extensive  multiplication  that  they  are  likely 
to  produce  harmful  eflects.  In  meat  that  is  cooked  thoroughly,  they 
are  killed  by  the  heat  to  which  they  are  subjected. 

It  is  well  known  that  the  stomach  has  great  protective  power  in 
its  natural  functions,  since  certain  violent  organic  poisons  may  be 
taken  into  that  organ  without  injury,  while  if  the  same  are  intro- 
-duced  into  the  circulation,  the  results  are  fatal ;  thus  the  venom  of  poi- 
sonous serpents  is  digested  and  made  harmless  by  the  stomach  juices. 
An  instance  of  the  immunity'  conferred  by  cooking  or  by  the  process 
of  digestion,  or  by  both  together,  and  of  the  fatal  result  of  the  admis- 
sion of  the  harmful  element  of  the  same  meat  to  the  system  through 
cuts  and  ahrasicms,  is  given  by  Laixlier.^     The  case  Ls  as  follows  : 

A  cow  died  suddenly  of  anthrax  and  was  dressed  for  food.  The 
meat  was  e&ten  by  a  large  number  of  people,  none  of  whom  suffered 
the  slightest  inconvenience  or  injurj-.  A  number  of  cats,  however, 
which  ate  some  of  the  waste  matters  and  licked  up  the  blood,  died  with 
some  suddenness.  A  woman  who  bought  the  head  and  wounded  her- 
self in  the  process  of  cutting  it  up  had  a  charbon  at  the  place  of  injury 
and  died.  Two  men  who  helpwl  skin  the  cow  had  charbon,  but  re- 
covered. A  calf  belonging  to  one  of  these  two  died  of  anthrax,  and 
another  man,  removing  the  skin,  cut  himself  and  died.  The  skin  of 
the  original  animal  was  sold  and  the  purchaser  put  it  in  a  shed  on  his 
farm.  Some  time  later,  one  of  his  cows  died  suddenly,  and  the  man 
who  dressed  the  carcass  wounded  himself  during  the  process,  acquired 
^  charbfm,  and  died.  How  much  farther  this  series  of  fatalities  might 
have  extended  cannot  be  known,  since  the  authorities  took  steps  in  the 
matter  and  prevented  further  fatalities. 

Many  instances  are  known  in  which  the  flesh  of  cattle  dead  of  in- 
fectious disease  has  been  eaten  with  impunity.  During  the  mege 
of  Paris,  for  example,  when  the  food  supply  was  exceedingly  limited 
in  amount,  no  one  paid  the  slightest  attention  to  the  condition  of  meat 
in  respect  to  disease,  even  glandered  horses  finding  a  ready  market, 
and,  so  far  as  is  known,  no  ill  effects  resulted. 

Many  years  ago,  when  the  rlnderped  was  very  prevalent  in  Bohemia, 
the  diseased  cjittle  were  killed  and  buried  by  order  of  the  government ; 
but  the  jKK>rer  class  dug  up  the  carcasses  and  cooked  and  ate  them 
without  suffering  any  evil  (H^nsequences  whatsoever. 

During  the  prevalence  of  the  same  disease  in  England  in  the  early 
sixties,  the  meiit  from  the  diseased  animals  in  all  stages  of  the  distem- 
per was  sent  in  enormous  quantities  to  market,  and  sold  and  eaten 
without  evil  effects.  A  similar  immunity  has  often  been  noticed  after 
» Revue  d'Hygiune,  1898,  No.  5,  p.  431. 
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the  consumption  of  the  carcasses  of  animals  dying  from  acute  plearo^ 
pneunuyiiia.  In  ordinary  cases  of  this  disease,  which  is  i)eculiar  to  beef 
cattle,  the  effects  are  localized  in  the  lungs.  Sometimes,  in  very  pro- 
nounced cases,  the  flesh  is  altered  in  appearance,  becoming  djirk  and 
-discolored,  and  it  is  also  moist  and  flabby.  It  is  believed  that  the  meat 
is  etlible,  if  it  possesses  a  normal  appearance.  The  meat  in  rindeqxjst 
undergoes  no  marked  change  in  appearance,  excepting  in  advanced 
<^ases,  when  it  is  dark  in  color  and  flabby  and  of  disagreeable  odor. 

In  ordinary  cases  of  foot  and  mouth  dUieane,  it  api)ears  that  the  car- 
<5Lss  is  edible,  but  in  exceptional  cases,  when  the  animal  has  suffered  for 
a  long  time,  the  flesh  may  he  so  deteriorated  as  to  be  undesirable.  As 
41  rule,  although  the  disease  is  very  infectious,  its  course  is  mild  and 
interferes  only  slightly,  if  at  all,  with  the  condition  of  the  meat,  which 
^nerally  cannot  be  distinguished  fn>m  that  of  healthy  animals. 

Although  many  instances  are  known  that  show  that  the  meat  of 
animals  suffering  with  anthrax  may  be  eaten  without  injun^,  it  is  the 
luianimous  opinion  of  those  who  have  given  the  matter  attention,  that, 
no  matter  how  good  the  meat  may  appear,  it  should  be  condemned  and 
<lestn)yed.  If  the  meat  is  well  cooked,  accid(»nts  are  rare,  but  many 
<'ases  of  fatal  injury,  involving  a  large  number  of  victim.^,  have  been 
traced  to  the  use  of  such  meat,  presiunably  not  thoroughly  ax)ked. 
In  spite  of  the  protection  conferred  by  cooking,  there  is  such  an  ele- 
ment of  danger,  even  in  the  handling  of  the  meat,  that  its  use  should 
\ve  discouraged  and  forbidden.  In  Scotland,  it  is  a  common  pnictice 
with  farm  laborers  and  other  poor  to  eat  the  meat  of  sheep  which 
have  died  of  acute  inflammatory  diseases,  even  of  anthrax.  The  car- 
cass of  an  animal  dying  of  disease  is  the  perquisite  of  the  herdsman 
an<l  abnost  invariably  is  eaten  after  being  salted.  Xo  precaution  is 
taken,  except  to  cut  away  the  darker  jK)rtions  of  the  meat  which 
>how  stagnation  of  the  blood.  Occasionally,  s(»rious  consequences, 
due  either  to  imperfect  cooking  or  to  insufficient  salting,  result  from  its 
4:imsnmption. 

It  is  held  generally  that  the  flesh  of  animals  that  have  died  fix)m 
ttrtinomyvoHUy  puerperal  fever ^  ^^  stranglef*,^^  hog  eholerUj  and  slicep  scab 
is  unfit  for  human  food. 

Tuberculosis. — ^The  cattle  disease  most  commonly  known  in  this 
I'oiintry,  if  not  elsewhere,  is  tubereuloitis,  nnd  concerning  the  advisability 
of  iLsing  the  flesh  of  its  victims,  there  is  much  difference  of  opinion, 
here  and  abroad.  The  <lisease  is  more  conmion  in  cows,  especially  those 
kept  in  confinement,  than  in  steers  and  oxen.  It  is  almost  an  unknown 
<lisea.se  in  the  great  henls  roaming  the  western  plains.  In  Berlin,  in 
1892-93,  15.1  per  cent,  of  all  cattle,  1.50  ]kt  cent,  of  swine,  0.11  per 
cent-  of  calves,  and  0.004  per  cent,  of  sheep  slaughtered  showed  some 
evidence  of  the  existence  of  the  disease.  In  Copenhagen,  in  the  years 
1890-93,  the  figures  were  somewhat  higher  than  those  of  Berlin,  ex- 
cepting in  the  case  of  sheep.  They  were  as  follows  :  17.7  |>er  cent,  of 
-rattle,  15.3  per  cent,  of  swine,  0.2  per  cent,  of  cjilves,  and  only  one 
^heep  out  of  337,014.     At  the  abattoirs  of  Leipzig,  in   1897,  nearly 
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half  of  the  cows  and  about  20  per  c^ent.  of  the  other  cattle  were  found 
to  be  tuberculous ;  2.78  per  cent,  of  swine,  0.2  per  cent,  of  calves,  and 
8  sheep  out  of  49,559. 

Out  of  over  8,000  beeves  of  American  origin  landed,  slaughtered, 
and  examined  at  Hamburg,  4  were  found  to  be  tuberculous,  while  of 
the  same  number  of  native  animals,  640,  or  160  times  as  many,  were- 
found  to  be  afflicted  with  the  disease.  At  that  time  the  German  press 
had  been  carrying  on  one  of  its  periodical  agitations  against  the  impor- 
tation of  American  beef  cattle  on  account  of  the  dangers  t^>  which 
native  breeds  were  thereby  subjected. 

In  Great  Britain,  30  per  cent,  of  the  cows  are  estimated  by  Mae- 
Faydean  to  be  tuberculous.  In  Belgium,  of  20,850  animals  tested 
with  tuben'ulin  in  1896,  48.88  per  cent,  reacted.  In  Denmark,  of 
67,263  thus  tested,  32.80  per  cent,  reacted.  In  Mexico,  about  a  third 
of  the  beeves  slaughtered  are  tuberculous. 

In  this  country,  while  the  percentage  of  affected  animals  is  low,  it  is 
believed  to  be  on  the  increase,  both  with  cattle  and  swine.  In  the 
State  of  Xew  York,  it  is  said  by  veterinarians  that,  in  some  districts  in 
which  the  herds  are  mainly  of  the  hardy  grades  of  the  Ayrshire,  Hoi- 
stein,  and  Short-horn  families,  about  1  per  cent,  of  the  cows,  and  in 
others  where  Jerseys  and  Guernseys  are  more  common,  about  2  to  3 
per  cent,  are  tuberculous.  In  Massachusetts,  those  in  a  position  to  be 
best  informed  state  that,  among  cows,  the  disease  is  much  more  frequent 
than  in  New  York,  but  that  it  is  rarely  to  be  found  in  calves,  steers, 
and  oxen.  In  Pennsylvania,  the  State  veterinarian  believes  that  not 
over  2  per  cent,  of  all  cattle  are  tuberculous.  At  the  large  abattoirs  of 
this  countr\',  about  1  in  2,000  cattle  is  found  to  be  tuberculous.  Dur- 
ing the  two  years  ended  June  30, 1890,  8,831,927  cattle  were  inspectwl 
by  the  Federal  authorities,  and  7,015,  or  1  in  1,259,  were  condemned 
on  account  of  tuberculosis.  During  1900,  of  4,861,166  inspected, 
5,279,  or  1  in  921,  were  cf)ndcnmed.  Of  23,336,884  hogs  inspected, 
5,440,  or  1  in  4,290  were  sufficiently  affected  to  warrant  condemnation 
of  at  least  a  part  of  the  carcass. 

The  organs  involved  most  frequently  in  tuberculosis  of  animals  are 
the  liver,  lungs,  kidneys,  brain,  and  udder.  The  miL^cles  are  affected 
\QV\  rarely,  although  the  bacilli  have  been  found  in  the  expressed  juice. 

At  what  stage  of  the  disease  meat  Ix^conies  imlit  for  food,  is  a  ques- 
tion over  which  there  is  much  controversy.  Extremists  on  the  one 
side  Ix^lieve  in  condemning  tin*  entire  c^ircass  on  the  slightest  evidence 
of  disease  in  any  part  thereof,  while  those  on  the  other  side  maintain 
that  the  entire  animal  may  1h^  use<l  as  food  without  injur}'.  In  Eng- 
land, the  pnictice  is  to  eondenin  any  caraiss  hi  which  the  disease- 
has  made  such  extensive  jirogn^ss  that  the  flesh  has  become  dete- 
riorated. The  Royal  Commission  on  Tuberculosis^  concluded  that 
meat  from  tul^erculous  animals  may  be  consumed  with  impunit}%  if 
sufficient  discrimination  and  care  are  exercised  in  slaughtering  and 
dressing.  Every  part  cfmtaining  tubercles  should  be  removed  and 
*The  Veterinary  Journal  and  Annals  of  Comparative  Pathology,  June,  1895, 
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destroyed,  and  the  whole  carcass  itself  in  advanced  or  general 
tuberculosis. 

The  French  law  excludes  carcasses  with  generalized  tuberculosis  and 
those  in  which  local  lesions  have  involved  the  greater  part  of  an  organ. 
The  s:ime  is  true  in  Austria.  In  Prussia,  the  meat  Ls  held  to  be  unlit 
for  food  if  the  animal  has  bc^un  to  show  emaciation,  but  is  passed  as 
fit  for  human  consumption  if  the  disease  occurs  in  only  one  organ,  and 
in  general,  if  the  anim;il  is  well  nourished.  In  Belgium,  the  law  of 
September  30,  1895,  permits  the  sale  of  meat  of  tul)erculous  animals 
after  sterilization. 

Meat  from  tuberculous  cattle  is  infective  to  other  animals  in  very 
variable  degrees.  As  a  rule,  the  more  advanced  the  disease,  the  more 
likely  is  the*  meat  to  be  infective.  Experiment  has  demonstrated  that 
infection  dei)ends  to  a  not  inconsiderable  extent  upon  contamination  of 
the  meat,  in  the  process  of  dressing,  by  the  liands,  knives,  or  cloths, 
which  liave  been  in  contact  with  tuberculous  matter. 

Although  lesions  in  the  muscular  tissue  itself  are  not  at  all  common, 
|x>sitive  results  have  repeatedly  been  obtained  in  experiments  in  which 
the  expressed  juice  of  the  meiit  has  been  injectwi  into  susceptible 
animals.  Thus,  Kastncr  obtained  9  positive  results  in  11  injections  of 
the  juice  of  the  meat  of  7  tuberculous  animals,  and  Steinheil  transmittc»d 
the  disease  to  guinea-pigs  by  means  of  juice  from  meat  apparently 
sound.  Arloing  inoculated  the  miLscle  juice  of  10  tuberculous  cows  into 
guinea-pigs  and  demonstrated  that  that  from  2  of  the  animals  was  infec- 
tive. Nocard  produced  the  disease  with  the  muscle  juice  of  but  1  of 
21  tuberculous  ct)ws  with  which  he  experimented.  All  of  these  cows 
had  been  condemned  at  the  abattoir  on  account  of  extensive  lesions. 
Woodhead,  (Jaltier,  Humbert,  and  others  have  met  with  varj'ing  degrees 
of  success  in  similar  experiments. 

That  tuberculosis  can  be  transmitted  to  animals  by  feeding  them  on 
tuberculous  material  has  been  abundantly  proved,  but  the  lesions  pro- 
duced almost  never  involve  the  muscular  apparatus,  and  many  of  the 
subjects  escai)e  infection  altogether.  It  was  reported,  for  example,  by 
Thoma&*en,  at  the  Tuberculosis  Congress  at  Paris,  tliat  of  10  young 
pigs,  each  of  which  was  made  to  eat  4.5  kilos  of  meat  from  animals 
with  advanced  general  tuberculosis,  but  2  were  affected,  and  their  [K)r- 
tions  had  contained  a  quantity  of  splintereil  bone.  Ravenel  *  has  held 
for  a  long  time  that  food  tuberculosis  may  appear  first  in  the  lungs  and 
^•ervical  glands,  and  cites  the  ca-^e  of  2  cows  which,  fed  on  tubert^ulous 
material,  developed  extensive  diseasi^  of  the  lungs  and  lesions  nowhere 
else.  As  stated  by  Dr.  D,  E.  Salmon,'^  Woodln^ad,  St.  Clair  Thoni|>- 
son,  and  Lord  Lfster  have  shown  "  that  inftn^tion  through  the  medium 
of  the  food  may  not  necessarily  be  accompanied  by  disease  of  the  in- 
tc^ines.  The  organs  first  attacke<l  after  fwH^ling  on  tubercular  material 
may  be  the  mesenteric  glands  and  liver,  or  even  the  bronchial  and 
mediastinal  glands  and  the  lungs." 

»  Philadelphia  Medical  Journal,  August  14,  1^)1^  p.  284. 

*  Bulletin  rig.  33,  Bureau  of  Animal  industry,  ^^ashington,  1901. 
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The  i|af.^tioii  t>f  the  identity  of  tlie  bat'illi  of  hiiiniui  and  Iwn'im* 
tuber(*uli>?is,  raised  in  IIMH  by  KfK'h'?^  asserticm  of  tlie  iiii]ioi5sil)ility 
of  tr,tu>fiMViU'r  of  I  lie  di.sease  from  niiui  to  euttle  and  from  i'liUlo  to 
mail,  has  ted  to  iiiueh  experitueiitiitiun  and  study,  and  althoiigfi  there 
h  as  yet  tio  gcticml  agreement  in  the  inteq>retation  of  the  ret^nlts  ob- 
tained, the  weight  of  evi^leiiee  ap|)t^trs  to  favor  the  eontention  that  the 
twi>  diseases  are  one  aiitl  the  same,  ahlioiigli  re(;i|>rocaI  trunsmissiljility 
is  uppoH'il  by  systemic  <litlt  reijees.  The  resi»eetive  nrgaidsnjs  differ  i») 
viridenee,  niorphoh^gy,  and  eiiltural  pceuharitics,  but  so  d<»  difierent 
strains  of  the  isanie  variety,  Ravenel  ^  believes  that  the  bovine  baeillu.s 
shows  [M:*rsistent  pernliarities  id'  growtli  ant!  morplrolngy^  whieh  enal>le 
it  to  be  diHeivntiatetl  from  the  human  variety,  and  that  it  is  nnieh  nime 
paflrog^'tiie,  not  only  tor  nearly  ail  of  the  speeies  of  experimental  ani- 
mals, but  t<tr  ntan  also.  He  siiys,^  moreover,  that  hnmau  baeilli  with 
a  iiigh  tli^ree  of  virnlenee  tVir  experimental  animals  are  raixdy  foniid, 
and  that  i-tdtnivs  highly  patliogenic  f^)r  eattle  are  still  in i ire  rare.  That 
the  liovinc  baeilli  an-  more  dang^Tons  tci  man  than  the  Imman  variety, 
is  tlie  eonehisitni  drawn  also  by  Filviger^  frotn  ii  review  of  rt^i-ent  wi^rk 
on  the  eomnmnieal>ility  of  fmtnati  tnberenlosis  to  eattle.  ExjKinnnientH 
c»ondueted  by  Xoeard,  (*ij»ollina,  and  others  indicate  that  the  bovine 
iMieilliis  is  tlic  tno'.e  infeetive.  Nue^ixl  *  iibst^rvcd  tliat  monkeys  fed 
with  material  enntaining  bovine  baeilli  beeame  infeetwl  mneh  soonre 
than  did  those  whose  food  eontained  the  human  variety  ;  and  Cipol- 
lina"  proihiceHl  genera!  tuberenlosis  in  a  healthy  ape  with  milk  eontaiu- 
ing  bovine  Itaeilli,  while  a  ealf  re-^isted  infeetiim  witli  the  luinian 
variety.  In  liavfUti^s  experiments^  guinea-pigs  infi'eted  with  Imman 
baeilli  livctl  more  tiian  twice  as  long  as  those  iniH-nlateil  with  the  Inivine 
variety,  and  rabbits  were  ninch  less  extent*! vely  infeetetl  mid,  indet^l, 
gsiined  in  wei^lit. 

That  hmnan  Inicilli  from  diHcrent  lesinus  are  differently  virnlent,  has 
been  obsi^rvtMl  repeatetlly.  'I'hosc  from  tiie  lungs  alninst  invarialdv  hul 
to  infect  eidves,  imt  Filiiger  :md  Jensen  "  found  tliat  baeilli  fmm  :]  eases 
of  ehronie  intestinal  tuberculosis  were  extTH^iinglv  virulent^  and  WolflT" 
prcMlneed  general  tubercniosis  in  a  ealf  which  be  in<M*nlat<K!  with  mate- 
rial frmn  a  similar  son nM_\  Rav4'nel  ^  als<*  has  found  tsvo  cultures  fnvm 
the  mesenteric  glands  of  milk-fed  cliildren,  one  quite  as  virulent  as 
bovine  baeilli,  and  the  other  imirt^  |M>t<^nt  than  the  nsital  himian  eidtnre, 
Ortli'^  has  convinced  himself  l>y  ex]>eriment  and  observation  that 
hnman  and  liovine  tnlieirnhisis  are  nM*i|>rueallv  trausmissilile,  and  he 
believe^;  that  virnh-nee  can  bt*  increaset!   tnaterially  by  passage  thnmgh 


^  Ji  11 J  n  1  !i  1  u  r  ('(Hill  "^  ^1 1 '  ^  <?  ^^ *- *f  i  ^' '  fi^'  '1  n*^  ^'  *  '*  *' I  i  ^«  yy  A  ft'  h  i  vej<»  1 902,  j i p.  65»  1 39. 
^JditniJil  ii(  tlii"  Anitmiiii  M*'tJicul  A^wk  iiituin,  June  3,  1903. 
»t[«iH|>itatHti(li'iiae,  XLVL,  Xi*s.  9  ana  10. 

*  Jnurnal  of  the  Hniharv  Ifii^lilntc\  Jiintirtrv,  l\)iY\  p,  571. 

*  Belli nur  kliniKilic  AVuiht'iiyehriftj  bVbruiirv  Z\,  VMKl^  p.  1*13. 
■*  tbiileni,  Si'ptemtKT 'i-J.  UKri. 

^  Ibicteni,  Xovember  17,  19112. 

'  Jcinrnal  «if  lli*^  Aiuenain  Mi^lu'iil  As^H'inlimi,  Jime  3,  1903. 

*  IliTliner  kliiUBtlvL-  W(»<  hcnj^hrifi,  July  20,  llU)3. 
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;  a  series  of  animals.  Behring  *  increased  the  virulence  of  the  human 
;  bacillus  by  passage  through  rabbits  and  goats,  until  it  became  as  viru- 
lent for  cattle  as  any  strain  of  bovine  bacilli ;  and,  according  to  Sal- 
mon,* Mohler  did  the  same  by  passiige  through  five  cats.  Hamilton 
and  Yonng'  noted  an  enormous  increase  in  virulence  on  rcinoculation 
fn>m  one  calf  to  another  and  great  variation  in  morphological  character. 
Arloing  reports  positive  results  from  inoculation  of  cattle,  asses,  sheep, 
and  hogs  with  human  bacilli  from  five  sources,  and  Theobald  Smith 
has  found  a  human  culture  directly  virulent  for  cattle. 

Raw,*  who,  during  the  past  few  years  has  had  more  than  3000  cases 
of  pulmonary  tuberculosis  under  observation,  inclines  to  the  belief 
that  man  is  subject  to  two  kinds  of  tuberculosis :  the  pulmonary  form, 
rare  in  children  under  12,  and  due  to  human  bacilli,  and  other  forms, 
SIS  tul)ercular  joints,  tul^ercular  meningitis,  and  abdominal  tuberculosis, 
rare  in  adults  and  due  to  bovine  bacilli.  In  a  period  of  12  years  he 
saw  nearly  300  cases  of  tabes  mesenterica,  and  not  one  of  the  subjects 
was  a  breast-fed  child.  Von  Hansemann*  gives  the  particulars  of  25 
cases  of  intestinal  tuberculosis  due  apparently  to  bovine  bacilli.  He 
believes  that  infection  can  take  place  through  the  healthy  mucous 
membrane,  and  von  Behring^  is  of  like  mind.  He  believes  that  the 
chief  source  of  tuberculosis  is  infected  milk,  and  that  infection  of 
infants  is  due  to  lack  of  continuity  of  the  epithelial  lining  of  the  ali- 
mentary tract,  which  permits  the  jnissage  of  bacteria. 

Evidence  that  infection  of  the  lungs  can  occur  through  food  without 
local  lesions  of  the  digestive  tract  is  offered  by  several.  Thus,  Nicolas 
and  I>escas^  fed  fatty  broth  containing  large  numbers  of  tubercle  bacilli 
to  healthy  dc^,  some  of  which,  after  three  hours,  yielded  chyle  con- 
taining l)acilli  in  such  abundance  that  they  could  be  demonstrated 
microscopically  ;  and  Ravenel  **  introduced  a  quantity  of  bovine  bacilli 
in  meltecl  butter  into  the  stomachs  of  8  healthy  fasting  dogs,  and  found 
that  the  chyle  and  mesenteric  glands,  removed  about  4  hours  later, 
were  infective  for  guinea-pigs,  and  that  not  the  slightest  evidence  of 
abnormality  of  the  intestinal  mucosa  could  be  seen.  MacFadyen^ 
obtained  like  results  with  monkeys  fed  with  tuberculous  material  from 
cattle.  General  tuberculosis  was  prcKhiced,  but  no  lesions  of  the  intes- 
tines were  observed. 

The  German  Tuberculosis  Commission,  apjwinted  on  Koch's  sug- 
gestion, found  that  different  bovine  cultures  varied  much  in  virulence, 
some  failing  to  tnuismit  the  disease  to  other  cattle.  They  tested  39 
cultures  of  human  origin  and  found  4  that  caused  general  tuberculosis 
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in  calves.  Thus,  both  kinds  differ  in  virulence.  But  the  four  that 
proved  virulent  for  calves  were  derived  from  children^  and  Ko8sel^ 
concludes  that  the  children  must  have  been  infected  by  bovine  bacillL 
His  experiments  show  that  bovines,  in  a  certain  small  proportion  of 
cases,  may  yield  to  human  bacilli,  and  in  endeavoring  to  explain  the 
fact,  he  admits  that  the  reverse  is  also  true.  Orth,*  liaving  succeeded 
in  producing  general  tuberculosis  in  2  out  of  5  calves  inoculated  with 
human  bacilli,  asks  Koch  to  reconcile  his  own  negative  results  with  the 
positive  results  of  others. 

Of  very  great  importance  is  the  interim  report  of  the  Royal  Com- 
mission, appointed  in  1901  to  inquire  into  the  relations  of  human  and 
animal  tuberculosis,  which  concludes  ^  that  the  two  are  identical,  both  in 
general  features  and  in  finer  histologicjil  details.  More  than  20  strains 
of  human  tuberculous  material — from  lungs,  sputum,  glands,  and  joints 
— were  employed,  and  7  of  them  were  found  to  be  capable  of  causing 
acute  tuberculosis  in  cattle,  with  lesions  in  various  organs  (lungs,  spleen, 
liver,  lymphatic  glands,  etc.).  "  In  some  instances  the  disease  was  of 
remarkable  severity."  Several  of  the  less  virulent  strains  were  found 
to  gsiin  greatly  on  reinoculation  from  one  lM>vine  into  another  or  into  a 
giiint^-pig. 

Concerning  the  possibility  of  direct  transmission  of  tuberculosis  fn>ni 
animal  to  man  by  inoculation,  considerable  evidence  is  offered,  but  in 
most  cases  the  infection  is  local  and  is  due  to  wounds  received  in  mak- 
ing autopsies  on  diseased  cattle.  Pfeiffer  *  records  an  accident  of  this 
sort  which  was  followed  in  18  months  by  death  from  phthisis,  and  the 
originally  infected  joint  was  found  to  be  extensively  tubercular. 
Spronck  and  HoefnagoP  record  a  similar  case.  A  man  aged  G3 
years  cut  his  finger  while  skinning  a  very  tuberculous  cow-,  and,  though 
the  wound  healed  quickly,  the  glands  at  the  elbow  became  enlarged 
and,  afttT  nine  months,  they  were  excised  and  found  to  Ik?  infective 
for  guinea-j)igs.  The  disease  was  conveyed  from  one  of  these  to  a 
healthy  heifer,  which  showed  general  infei»tion  after  two  months.  The 
man  developcnl  a  catarrh  of  the  ri^lit  apex  20  months  later.  Lassar* 
has  seen  in  ten  years  34  cases  of  undoubted  inoculation  tulwrculosis, 
chiefly  in  veterinarians,  butchers,  and  others  who  handle  meats. 

The  fiict  that  so  few  cases  of  infection  occur  among  the  army  of 
men  who  are  constantly  exposed  to  the  ])ossibility  of  wounds  during 
slaughtering  leads  Flick'  to  conclude  that  bovine  tuberculosis  is  only 
slightly  virulent  for  man,  and  that  it  is  not  right  to  declare  meat  and 
milk  from  tuberculous  animals  dangerous  to  man. 

Concerning  the  possibility  of  transmission  of  tuberculosis  by  eating 
the  meat  of  diseased  animals,  there  is  ])ractically  no  evidence  of  value, 
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but  whatever  duDger  there  i:*,  if  any  at  all,  is  disposed  of  by  thorough 
cuokingy  since  thereby  the  bacillus  is  quickly  killed.  Since  raw  meat 
is  frequently  used  as  food,  particularly  in  some  diseased  conditions,  it 
is  best,  in  order  to  be  on  the  safe  side,  to  see  that  meat  so  used  shall 
be  free  from  infective  properties. 

Typhoid  Fever  and  Cholera. — Foods  of  all  kind  may  be  made  the 
bearers  of  infection  to  man,  though  themselves  in  good  condition.  Par- 
ticularly is  this  noticeable  with  regard  to  oysters,  which  have  many 
times  conveyed   the  specific  organisms  of  typhoid  fever  and  cholera. 

In  1880,  Sir  Charles  Cameron  ^  brought  to  the  attention  of  the  pro- 
fession, that  oysters,  ti'ansplanted  from  the  coast  of  the  County  of  Wex- 
ford to  the  northern  shore  of  Dublin  Bay,  had  for  some  years  been 
much  subject  to  disease  and  had  died  in  large  numbers.  S|XK;imens 
which  were  examined  were  found  to  contain  sewage  matters,  and  inves- 
tigation showed  that  the  beds  **  were  literally  bathed  in  sewage."  He 
offered  the  suggestion  that  raw  oysters,  taken  from  the  shore  close  to 
sewer  outlets,  were,  perhaps,  as  likely  to  act  as  the  vehicle  of  typhoid 
fever  and  other  diseases  as  contaminated  water  or  milk,  and  advised 
tbit  "  oyster  beds  should  not  be  laid  down  at  any  point  on  or  close 
U)  the  mouth  of  a  sewer."  But  the  warning  ap|)ears  to  have  excited 
no  more  than  a  languid  mtei-est  until  1893,  when  the  late  Sir  R. 
Thome-Thome,  in  a  report  to  the  Local  Government  Board,  stated 
his  belief  that  the  sporadic  cases  of  cholera  which  had  occurred  at 
various  inland  places  m  England  in  that  year  were  due  to  oysters  and 
either  shellfish  from  sewage-contaminated  water  at  Grimsby,  where  there 
had  been  a  small  outbreak  of  the  disease. 

In  the  following  year  occurred  the  well-known  outbreak  of  typhoid 
fever  at  Wesleyan  University,  which  was  so  ably  and  conclusively 
traced  by  Pn)fe8sor  Conn  *  of  that  institution  to  polluted  oysters.  On 
October  20,  1894,  several  of  the  students  were  reported  as  slightly 
ill,  with  a  moderate  degree  of  fever.  The  number  of  aises  grew 
from  day  to  day,  and  shortly  included  several  of  undoubted  typhoid 
lever.  By  November  1st,  there  were  20  cases  of  the  disease,  which 
number  was  shortly  furtlier  incTeased  to  23.  All  of  the  victims  were 
men  ;  there  wa*^  no  illness  among  the  58  women  students.  Investi- 
gation completely  absolved  the  water  supply,  the  general  and  par- 
ticular food  supplies  of  the  various  boarding  places,  and  the  local 
^^mditions  of  the  dormitories  and  outside  hnlgings  of  all  suspi(?ion  of 
blame.  It  appejired  that  nearly  all  of  the  victims  were  memlx^rs  of 
three  of  the  iioxcn  college  fraternities.  The  combined  membership  of 
the  three  was  about  one  hundred.  On  October  1 2th,  eight  days  before 
the  development  of  the  first  symptoms,  all  seven  fraternities  had  had 
their  initiation  ceremonies  and  had  celebrated  in  the  usual  way  with  a 
supper.  Investigation  of  the  origin  of  the  c(>m|K>nents  of  the  sup])ers 
showed  that  there  was  but  one  dish  from  a  common  source,  and  that 
was  oysters.     The  three  afflicte<l  societies  and  one  other  had  obtained 
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their  oysters  from  a  local  dwiler ;  of  the  remainhig  three,  two  had  had 
no  oysters,  and  the  third  had  had  some  from  a  dealer  in  Hartford.  Of 
the  four  supplied  by  the  local  dt»aler,  one  had  eaten  the  oysters  cookwl, 
and  its  membership  was  not  invaded.  Thus  the  trouble  was  siftnl 
down  to  the  raw  oysters  from  the  local  dealer.  But  there  was  one 
victim  who  was  a  non-society  man,  and,  clearly,  his  case  could  not  Ym 
traced  to  the  initiation  sup})er.  Investigation  of  his  dietetic  histor\' 
estsiblished  the  guilt  of  the  lo(»ul  oyster  supply  even  more  securely,  for 
it  was  shown  that  he  had  t^ten  raw  oysters  from  the  same  lot  at  the 
shop  of  the  dealer.  It  was  learned,  too,  that  o  men  from  Yale  had 
attended  the  exercises  of  the  societies  in  which  the  outbreak  occurred, 
and  inquiry  develoi>ed  the  information  that  2  of  the  5  were  seized  with 
typhoid  fever  some  weeks  after  their  return  to  New  Haven.  Further 
investigation  revealed  the  fact  that  the  incriminated  oysters  had  l>een 
brought  from  a  bed  in  I^ong  Island  Sound,  and,  on  October  10th,  two 
days  before  use,  had  been  stored  in  a  bed  at  the  mouth  of  the  Quin- 
nipiac  River,  a  short  distance  (300  feet)  from  the  outlet  of  a  private 
drain  from  a  dwelling,  in  which  2  i)ersons  lay  ill  with  typhoid  fever. 

Dr.  Arthur  Newsholme,^  M.  O.  H.  for  Brighton,  England,  reporte<l 
that  of  53  c^ses  of  typhoid  fever  occurring  within  his  district  during 
1894,  no  fewer  than  15  were  due  to  infected  oysters,  and  6  to  other 
contaminated  shellfish  (clams,  cockles,  and  mussels).  In  a  later  com- 
munication,^ aft^r  a  thorough  examination  of  the  cases  that  had  occurred 
within  four  years,  he  reported  the  jiercentages  of  infection  due  to  ovs- 
ters  and  mussels  as  follows  :  In  1894,  38.2  ;  1895,  33.9  ;  1896,  3l!8  ; 
1897,  30.7. 

Dr.  J.  T.  C.  Nash,*^  M.  O.  H.  for  8outhend-on-Sea,  says  that  prior 
to  1900  attacks  of  typhoid  fever  within  his  district  were  ascribed  to 
the  commonly  accepted  cjuises  and  occasionally  to  shellfish.  In  19(X), 
investig-ation  showed  that  in  a  majority  of  tiie  reported  cases  there  was 
a  history  of  consumption  of  shellfish  within  2  or  3  weeks  of  the  onset. 
In  a  majority  of  the  cases  report eil  during  the  last  5  months  of  1901 
there  was  a  similar  history.  During  June  and  July,  1902,  in  a  major- 
ity of  the  39  cases  reported  there  was  a  history  of  eating,  within  a 
month  of  the  onset,  cockles  from  a  sewage-polluted  creek  in  another 
district,  where,  during  June,  9  cases  of  tyj)hoid  fever  had  existc<L 
Cockles  obtaineil  from  those  layings  were  examincHl  and  the  presence 
of  sewaire  biicteria  wjis  demonstrated.  In  a  later  communication  *  he 
states  that  in  82  of  the  102  eases  of  typlioid  fever  reported  during 
1902  there  was  a  shellfish  history.  Diminished  consumption  of  shell- 
fish, the  adoption  of  l)etter  methmls  of  storage,  and  the  exercise  of 
greater  care  in  obtaining  supplies  from  clean  layings  were  followed  by 
a  very  decidt^d  diminution  in  the  incidence  of  typhoid  fever.  By  care- 
ful inquiry  he  determined  that  somewhat  less  than  5  per  cent,  of  the 
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entire  population  of  the  difc^trict  were  eaters  of  shellfish,  and  during 
1902  the  attack-rate  of  typhoid  fever  ])er  1000  among  this  section  was 
51.25  against  3.28  for  the  whole  population,  and  0.75  for  the  non- 
eaters  of  shellfish.  The  attack-mte  among  the  dealers  and  their  em- 
ployees was  no  less  than  IGO  per  1000. 

Dr.  J.  F.  Allen,^  M.  O.  H.  for  Westminster,  secured  specimens  of 
cockles  which  were  from  the  same  bed  as  some  which  were  supposed  to 
have  caused  a  number  of  cases  of  typhoid  fever,  and  had  them  ex- 
amined, at  the  Jenncr  Institute,  for  sewage  bacteria.  The  results  were 
positive,  and  the  typhoid  bacillus  itself  was  found  to  be  present.  Hew- 
lett -  reconls  that  cockles  purchased  at  the  fishmarket  of  Billingsgate 
and  examined  by  Klein  yieldeil  the  usual  sewage  bacteria  and  the 
typhoid  organisms  as  well.  Four  cases  of  typhoid  fever  attributed  to 
ccxjkles  from  the  same  source  were  the  cause  of  the  inquiry.  Sewage 
contamination  was  demonstrated  by  the  siime  authority  in  11  of  18 
lots  of  oysters  from  five  different  localities. 

Chantemesse  ^  relates  the  following  case :  There  had  been  no  case 
of  typhoid  fever  in  the  village  of  FHerault  Saint  Andr^  de  San- 
giHiis  for  about  a  year,  when,  on  February'  15th,  a  shopkeeper  received 
a  consignment  of  oysters  from  Cctte.  The  entire  lot  was  consumed  by 
14  |)ersons,  all  of  whom  were  made  sick.  In  the  6  dwellings  in 
which  the  victims  lived,  no  other  iimiates  wore  sick  in  any  way.  Eight 
of  the  number  were  made  only  slightly  ill,  the  symptoms,  which  in- 
cluded alxlominal  pain,  vomiting,  diarrluea,  borl)orygmus,  anorexia, 
and  general  malaise,  lasting  but  2  or  3  days.  The  4  youngest,  who 
ate  but  a  few,  were  very  sick  for  a  much  longer  time  (15  to  25  days), 
but  recovereil.  The  st(X)ls  were  very  offensive,  were  passe<l  with  pain, 
and  were  dysenteric  in  apj)earance ;  there  was  tympanites  with  tender- 
ness and  gurgling.  All  4  wen*  greatly  j)rostrated.  The  remaining  2, 
a  woman  of  twenty  and  a  man  of  twenty-one,  developed  very  severe 
csis<»s  of  typhoid  fever.      The  woman  died. 

Mosny,*  to  whom  the  French  authorities  referred  the  whole  subject 
of  niollusk  jmisoning  for  investigation,  has  re|M)rted  that  5  members  of 
a  family  of  7,  living  in  a  village  in  a  suburb  of  Paris^  in  which  there 
had  lM»en  no  case  of  typhoid  fever  in  4  years,  were  made  sick  after 
eating  oysters  sent  to  them  from  (Vtte.  Four  were  seized  in  the 
evening  of  the  following  day  with  gjistro-iiitestiual  disturbance,  which 
last4*d  24  hours.  On  the  eighteentli  day,  a  youth  of  17  years  devel- 
n\K'*\  unmistakal)le  sym])toins  of  typh(»i(l  fever,  of  whieli,  J)  days  later, 
he  died.  In  March,  1897,  Chatin  •'  rei>orted  the  ease  of  a  family,  of 
which  several  memlK'rs  were  stricken  with  typhoid  fever  after  eating 
oysters  from  a  hod  which  was  contaminated  by  sewage. 

Klein  and  Boyce  have  shown  that  oysters  contaminated  by  typhoid 
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biHulli  mn  rehiin  their  iiiferiivt*  proptTHe^  for  2  or  3  week:^,  and  it  is 
shnvvii  that  tho.se  frimi  sewagL'-cnitfatiiinatiHl  IkhLs  may  nut  Uv  eaten 
with  entire  sid'ety  until  they  liave  lain  f*»r  alujuL  2  %v*'ek.s  in  unpulhited 
water.  It  a|j|>tiirs,  lnwever,  that  in  e4iekle.s  the  typht^id  i>rgiuii>m 
tlirives,  and  that  thi>?  kind  of  shellfijiih  is  not  freed  of  its  infeetive 
pnijttTties  In'  st<jrage  in  elenn  water.  Alth^ui^h  eoekles  are  not 
imten  raw,  the  eiM»kiug  to  whieli  tliey  are  ?<iihjeetiHl  is  hy  no  tneans 
thoroutrh,  for  lunling  for  any  coiiflidemble  time  makes  iheni  tough  and 
uneatahle- 

It  wart  shown  by  Foote/  after  tiie  outlireak  at  Weslcyun  Univen?ity, 
that  typhoid  eulture>,  intrT>due<_'d  within  the  eells  of  oysters  from  the 
lM_*d  iVoni  wiiieh  the  incriiniuate^l  oysters  were  derived,  were  viruU^itat 
the  end  of  4H  hours,  whieli  was  the  |»eriod  wliich  ekpscnl  Iwtween  the 
gathering  and  ennsumption  of  those  which  ennse<l  the  outbreak.  Fnr- 
therniore»  it  was  denionstrutiHl  that,  if  the  ^lK'einlens  wei'e  kept  at 
57°  F.,  tlie  t*riranisms  were  a(*ttve  as  h>ng  as  a  month  hiter. 

The  inrinenee  of  the  sewage  of  a  hirge  city  is  shown  by  C.  A.  FtiUer,* 
who  collected  samples  of  water  and  shell fisli  fnjm  various  placeis  in 
Narragansett  Bay,  into  whieh  about  14,tH)(\tKJ(>  gidlons  of  sewage  from 
Providence,  Rho(!e  Island,  are  discharged  daily»  Water,  oysters,  clams^ 
anci  mussels,  taken  at  a  distiince  n(  a  (piarter  of  a  mile  from  tiie  sewer 
outlet,  yieldeil  Barifffut  voli  t'ttmmnnls,  BavUlHs  v!oaci€\  and  Backrium 
hrfin  aerofjetteit.  The  water  aufl  oysters  from  a  bed  two  miles  dtstatit 
yielded  the  same  urgtudsms.  BariiiHii  vfJi  ntmmHiu^  was  found  in  30 
per  cent,  of  the  oysters,  and  in  GO  per  cent,  of  the  sami>h'S  uf  water 
from  a  beil  situated  in  the  line  of  a  strimg  tidal  current,  ^\l*  miles 
away  ;  and  in  4t>  per  <'ent,  of  tlie  ^tysters  and  7(>  |)er  cent,  of  the  water 
samples  from  anotlier  in  sluggish  water  more  thati  five  ndles  away. 
One  fjed  six  miles  distant  was  found  to  he  ctmtauduated,  Imt  those 
Jartljer  down  than  six  and  rme-half  Juiles  were  unjv*lhjti'<h 

These  findings  are  in  accord  witli  the  statenunit  of  Dr.  E,  Klein,'' 
that  the  neait^r  to  sewer  otitlets  oysters  and  cockles  are  plantal,  the 
grejiter  the  (w^rcentage  i*f  s])ecimens  yielding  evidence  of  jjollntion. 
In  the  examination  of  (>ystei"s  he  !iold>  that  the  presen*:e  of  Bm^iilnH 
enU-rifhVm  Hporogenm  ah»ue  is  not  suffieient  proof  of  recent  H'wagc  jhiI- 
lution,  but  that  when  the  spores  of  thi><!  orgsniism  are  fiumd  togetlier 
with  strept<X'(M3ci  and  BacUhn^  vofi  vommttni^  tliey  cmustitnte  strong 
evidence  of  recent  contamination. 

Dr.  Hihhert  W,  Hill  *  has  recorded  interesting  results  of  examination 
of  clams  from  Hats  in  tlie  immti^liate  vicinity  of  the  sewer  outlets  of  a 
nnml>er  of  private  dwellings.  Attention  was  devot-eil  8*jlely  to  the 
bodies  <>f  tiie  elams  a!id  not  to  the  water  {Muitaine<l  bctwei^n  the  shells, 
winch  was  pnieticidly  the  sjimc  as  that  which  surrouofled  them.  The 
technique  followed  %vas  isuch  as  to  insure  absolutely  against  coutamina- 


>  Moctioiil  Kews.  Mitnh  23,  1895. 
'  S-it^iit-r.  1*+U2,  Nn.  H7o,  p.  :i63. 

*  Ilririnh  MerUeiil  Journal,  Felminrv  21,  li*05. 

*  Rep4>rt  fjf  tlie  Board  of  lleuJth  ut"  BosKm,  Mn«aichiisettt«,  for  1901. 
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tion  by  bacteria  on  the  surface,  and  the  portion  of  the  body  selected  as 
most  likely  to  show  infection  was  the  intestines.  The  following  were 
isolated  and  identified :  Bacillus  coli  communis,  Bacillus  enteritidis 
sporogeneSj  and  Bacillus  a^erogenes  capsulaius  (Welch),  all  three  of 
which  are  found  commonly  in  sewage.  The  typhoid  bacillus  was  not 
found  nor  was  it  expected,  since  there  was  but  1  case  in  the  neighbor- 
hood and  the  excreta  were  disinfected.  Dr.  Hill  adds  that  the  search 
for  typhoid  bacilli  in  sewage  known  to  contain  them  is,  in  most  cases, 
practically  hopeless,  since  even  in  severe  epidemias  the  number  of 
typhoid  patients  contributing  to  the  sewage  is  almost  always  small  in 
comparison  with  the  total  contributing  persons,  and  only  a  small  pro- 
portion of  the  bacteria  pre>!<?nt  in  a  typhoid  stool  are  typhoid  bacilli ; 
and  to  hope  to  find,  by  examining  a  few  cubic  centimeters  from  a  large 
mass  of  water,  a  bacillus  which  is  present  in  the  proportion  of  one 
to  every  ten  or  hundred  gallons  of  water,  is  almost,  if  not  quite^ 
useless. 

From  a  series  of  ex|)eriments  undertaken  to  determine  the  question 
of  \Tabilit>'  of  the  typhoid  organism  in  sea  water  and  within  the  oyster, 
Bopdoni-Uffreduzzi  and  Zemoni  ^  concluded  that  it  will  live  over  2 
weeks  in  sea  water  and  from  3  to  4  days  in  oysters,  without 
let«sening  of  virulence.  Oysters  from  Spezia,  Venice,  and  elsewhere, 
were  examined  to  determine  the  presence  of  the  typhoid  organism  in 
the  water  contained  between  the  shells  or  in  the  tiasues.  The  results 
were  n^ative  on  this  point,  but  the  colon  bacillus  was  isolated  from 
oysters  from  3  different  sources.  Oysters  immersed  in  sterilized  sea 
water,  which  later  was  infected  with  cultures  of  the  typhoid  organism, 
yielded  virulent  bacilli  from  the  water  between  their  shells  up  to  the 
ninth  day  of  examination,  but  never  from  the  tissues  themselves. 

Other  observers  have  found  the  bacteria  of  cholera  and  typhoid  fever, 
B.  coli  coiiwiunis,  B.  proteus  vulgarity  and  other  organisms,  in  oysters 
CMintaminated  by  sewage,  and  all  unite  in  the  opinion  that  the  presence 
of  B.  coli  communis  should  arouse  suspicion  and  induce  improvements 
in  the  management  and  supervision  of  oyster  beds. 

In  the  investigation  of  outbreaks  of  typhoid  fever  supposedly  due  to 
oysters,  bjicteriological  proof  of  specific  infection  of  those  cjiten  or  of 
others  from  the  same  lot  always  has  hwMi  and  always  will  l>e  wanting, 
since,  k>ng  l^efore  the  appeanmce  of  the  first  sympt^>nis  of  the  disease, 
the  material  is  no  longer  available  for  investigation.  But,  in  view  of 
the  fact  that  pathogenic  bacteria  have  Ix^en  found  in  the  water  betwwii 
the  shells  of  oysters  from  jK)lluted  IkhIs  ,  that  they  have  l)een  known 
to  live  for  days  in  the  tissues  and  retiiined  water ;  and  that,  in  the 
irases  investigsite<l,  the  beds  have  been  found  to  l)e  exix)se(l  to  the  influ- 
c*nc<»  of  sewage,  we  may,  therefore,  projKTJy  conclude  that  a  «uisjd  rela- 
tion Is  very  possible. 

The  danger  of  infection  arises  wholly  from  the  presi»nc(»  of  sewage 
in  the  water  where  the  oysters  are  planted  or  storwl.  The  reniwly  lies 
either  in  transferring  the  beds  to  cleaner  situations  or  in  st4)ring  the  con- 
'  Giomale  della  Reale  Societil  Italiana  d'igiene,  1899,  p  oOO. 
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taminated  oysters  in  clean  sea  water  until  the  bacteria  either  have  per- 
ished or  have  been  washed  away.  What  constitutes  a  sufficient  length 
of  tinie  to  insure  purification,  is  a  matter  of  some  disagreement.  Many 
believe  that  a  week  is  enough  ;  others,  tliat  IG  days  should  be  allowed. 
Oysters  should  not  In*  stored  wherc  sewage  matters  can  reach  them 
through  long  distiuu^es  by  currents  along  the  shore,  nor  where  prevailing 
winds  can  exert  a  harmful  influence  t4)  the  same  end. 

Poisoning  by  Meat  and  Fish. 

Animal  foods  are  the  frequent  cause  of  most  distressing  disorders 
which  not  rarely  liave  a  fatal  termination.  Some  of  these  are  due  to 
poisonous  proi>erties  inherent  in  the  living  animal,  some  to  l)acterial 
poLsons  formed  in  meats  showing  no  evidence  of  unwholesomeness, 
and  some  to  decomposition  pnKlucts  develo|)ed  during  storage  or  putre- 
faction. 

1.  Poisoning  Due  to  Substances  Normally  Present  in  the  laying 
Organism. — As  has  been  state<l,  certain  species  of  fish  are  always  poi- 
sonous and  others  only  at  times,  and  in  some  cases  only  individual 
members  are  so  constituted.  Certain  sjKH»ies  are  so  well  kno>\Ti  to  be 
|)oisonous  in  ]>erfectly  fresh  condition  that  they  never  are  eaten  by  the 
natives  of  the  places  where  they  are  found,  except  for  purposes  of  sui- 
cide. Some  have  poisonous  glands  connected  with  their  fins,  some  have 
poisonous  ovaries,  and  others  are  jx»isonous  thn>ughout.  Some  are 
|K)isonous  only  in  the  raw  state,  and  others  whether  cooked  or  not. 
The  symptoms  priKiuced  vary  widely,  sometimes  indicating  gastro- 
<interitis,  sometimes  involvement  of  the  central  nervous  system. 

The  muss(»]  is  regaixled  not  uncommonly  as  an  intrinsically  [mLsonoiL^ 
j^hellfish,  but  the  w(»ight  of  evidenc»e  indicates  that  mussel-poisoning  is 
due  to  conditions  of  disease  or  infection  arising  from  residencre  in  |k>1- 
luttnl  water.  Its  ])oisoiious  propeities  have  long  been  recognized,  and 
have  been  the  subject  of  a  number  of  dissertations  by  early  writers; 
thu«i  Behreus,  De  ([(fWiiohihuH  a  comesfis  mi/(i/ilM^  Hannover,  1735,  and 
Moehring,  Mi/fn/ontm  (jHorniuUiiii  venenmn  ci  ah  eo  iifttax  jKipuhtH  ciiti- 
eu/(ire>s  h))isfoi(f^  Xuremberg,  1744.  In  France,  where  great  quantities 
of  nnisscls  are  (»aten,  cases  of  poisoning  then^form  arc*  rarc%  owing 
doubtless  to  the  fact  that  those  taken  fn)m  j)olluted  harlH>rs  are  kept 
for  a  week  or  more  in  clean  water  elsewhere. 

2.  Poisoning  Due  to  Bacterial  Products  in  Meats  and  Fish. — 
VV^hat  is  known  CMmimonly  as  mc»at-|>oisoning,  fish-|)oisoning,  and 
.saus'ige-poisouing  is  <lue  to  tlie  products  of  a  number  of  mic»n)-organisnLS 
having  no  counection  witli  tlie  usual  diseases  of  man.  These  pnKluc*ts, 
which  inchidc  toxins  an<l  ptoniains,  cause  an  extn'mely  wide  variety  of 
symptoms,  which,  as  may  be  observcnl  on  examination  of  the  collc»ction 
of  reported  outbreaks  given  below,  indic*ate  the  j)ossible  derangemc»nt 
of  function  of  ])r:utic:illy  every  ])art  of  the  system.  There  are  two 
groups  of  symptoms,  however,  which  are  fairly  cMuistant,  either  one  of 
which  may  pixxlominate  over  all  the  rc»st.     These  are  (1)  the  manifes- 
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tationn  of  profound  (liHturbance  of  the  gastro-intestinal  caual,  and  (2) 
thone  indicating  more  or  less  intense  |K>isoning  of  the  central  nen-ous 
>vrttem.  Prominent  among  these  latter  are  impaired  vwion  (dilated 
pupils,  ptosis,  amphodiplopia,  etc.),  and  glosso-pliaryugeal  paralysis ; 
and  when  thcx^e  are  present,  the  case  is  said  to  be  one  of  "  botulism." 
This  term,  which  came  into  existence  by  reason  of  the  fact  that  many 
of  the  earlier  observed  cases  of  f(KKl-iK)isoning  were  traced  to  sausages 
(hotuluH^  a  sausage),  is,  in  the  light  of  our  present  "knowledge,  unfortu- 
nate and  misleading,  for  the  condition  may  be  c*iused  not  only  by 
sausage,  but  by  any  form  of  meat  and  fish  which  may  happen  to  be 
i*«>ntaminated  by  the  micm-organLsms  which  produce  the  peculiar  toxin 
(or  toxins)  by  which  the  manifestations  arc  caused.  And  it  is  not  tnie, 
as  is  8up|H>sed  by  some,  that  botulism  is  caused  by  the  proteid  bacterial 
{loisons  alone  (conmionly  known  as  toxins),  but  by  certain  of  the  basic 
iTystalline  pnnlucts  of  dec(mijK)sition,  known  as  ptomains,  as,  for 
example,  m^^tilotoxin.  a  ptomain  isolatinl  by  Salkowski  and  Briefer  from 
<*ontaminated  mussels. 

Not  unof>mmonly,  ptomains  aix»  regarded  as  necessarily  poisonous 
substances.  This,  however,  is  far  from  lx»ing  the  truth.  They  are 
pivKlucts  of  decom|)osition  bn)Ught  about  by  micro-organisms  which 
break  up  the  complex  organic  matters  into  lei^  complex  compounds, 
which  in  turn  are  split  up  into  products  of  diminishing  complexity, 
until  the  final  pn)duct«  are  water,  hydrogen,  carbonic  acid,  sulphur- 
etted hydrogen,  ammonia,  nitrogen,  and  salts.  During  this  process 
of  decomposition,  at  different  stagt»s,  the  ptomains,  which  are  organic 
InuieSy  are  formed.  Some  are  |H)isoiious,  but  the  great  majority  of 
those  thus  far  isolated  are  wholly  inert.  All  contain  nitrogen,  but 
not  all  contain  oxygen,  thus  rcs<'ml)liiig  the  vegetable  alkaloids.  The 
variety  of  ptomains  formed  di^jK'nds  nj)on  the  kinds  of  micro-organisms 
at  work,  the  nature  of  the  substance  undergoing  decomposition,  and  the 
<*oiiditions  of  temperature,  access  of  air,  and  other  attendant  circum- 
stances. One  sjKK'ics  of  bacteria  may  pnKlucc  no  ptomains  from  one 
kind  of  material,  and  |K)ison<)us  or  inert  ones  from  another.  At  one 
stage  of  decom|M)sition  no  ptomains  may  be  foruKKl,  at  anotlier  several 
may  be  pn^»nt,  and  later  tlicse  may  have  disjippeared  completely, 
for  they  are  l>ut  internuKliate  products. 

Brieger  luis  isohit<»<l  a  numi)er  of  varieties  of  ptninains  from  decom- 
|N»sing  meats  and  fish,  including  neurine,  choline,  and  one  which  appears 
to  l)e  identical  with  mus<'arine  (all  three  of  these  are  antagonized  in  their 
])oisonous  action  by  atro|)in(»),  and  nenri<line,  piitrescine,  cadavcrine, 
another  which  pnKlnces  effects  similar  t<»  those  of  (Mirare,  and  others. 
Vaughan  discov(»red  the  very  important  ptomain,  tyrotoxicon,  in  milk 
and  cheese. 

Many  of  the  |K)isonous  cxmi|M)unds  formcHl  during  ])ntrefaetion  retain 
their  active  chanurter  long  aft<'r  the  orgsmisms  through  whose  agency 
they  have  l)een  produced  have  perish(Kl.  This  was  noted  as  early  as 
1856  by  Panum,  who  found  that  the  poison  of  certiiin  putrid  meat 
retained  its  activity  even  after  it  had  btn^n  boiled "  1 1    hours,  and  his 
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observation  has  repeatedly  been  confirmed  by  others.  Naturally,  no 
amonnt  of  cooking  will  suffice  to  render  such  meat  harmless. 

The  physiological  action  of  these  poisons  l<  widely  different.  Some 
cause  intense  gastro-intestinal  irritation,  some  act  directly  on  the  heart, 
some  on  the  central  nervous  system,  and  some  on  particular  centers. 
Very  different  effects  are  produced  in  different  people,  owing  perhaps  to 
varj  ing  degrees  of  susceptibility  and  also  to  unequal  distribution  of  the 
poison  through  the  mass  of  meat. 

The  extent  to  which  the  putrefactive  process  has  advanced  is  by  no 
means  of  such  importance  in  the  determination  of  the  question  of  po?^ 
sible  ill  effects,  as  the  nature  of  the  engtiged  bacteria  and  of  their 
pnxlucts,  for  meat  may  be  extremely  putrid  and  yet  not  be  poisonou>, 
and,  on  the  other  hand,  may  be  apjMirently  normal  and  yet  deadly  in 
its  effects.  Many  savage  peoples  prefer  putrid  fish  and  meat,  and  the 
more  rotten  it  is,  the  greater  their  enjoyment  in  its  consumption.  In 
less  degree,  the  same  is  true  of  many  of  the  most  enlightened  people, 
who  prefer  game  when  decomposition  is  fairly  well  advanced.  On  the 
other  hand,  the  severest  outbreaks  of  food-poisoning  have  followed  the 
eating  of  meat  apparently  not  undergoing  decomposition.  Indeed,  the 
majority  of  persons  will  reject  meat  which  has  the  slightest  taste  or 
odor  indicating  beginning  putrefaction,  since  even  this  makes  it  repug- 
nant to  the  senses.  In  many  cases,  the  poisonous  principles  appear  to 
be  developed  after  the  meat  has  been  eaten,  through  changes  occurring 
within  the  intestines. 

The  bacteria  which  have  thus  far  been  shown  to  have  been  the  cslxx^ 
of  outbretiks  of  meat-  and  fish-poisoning  include  certain  spore-bearing 
anaerobes  isolated  by  Van  Ermengem  (5.  boiulinus),  and  Klein  [R. 
enteritldis  sporogenea),  a  number  of  derivatives  of  B.  coli  isolated  by 
Graertner  (A  enteritidui),  Basenau  (fi.  bovis  inorbificaiw),  Kaensche  (B. 
Morseelemsis  and  B,  Breslaviensis),  Gaffky  and  Paak  (B.  Friedebergen^ 
8is)y  Abel,  Giinther,  and  others,  besides  i?.  proteus  vulgaris,  B.  proteus 
mirabiiis,  Staphylococcus  pyogenes  Jiavus,  and  others.  The  first  men- 
tioned (£.  botulinus)  produces  an  extraordinarily  virulent  toxin,  whicli 
has  been  the  subject  of  careful  investigation,  which  has  proved  that  it 
is  related  closely  to  the  toxins  of  diphtheria  and  tetanus. 

Study  of  a  bacillus  which  Tniutmann  *  isolated  as  the  cause  of  an 
outbreak  of  poisoning  at  Diisseldorf,  and  comparison  thereof  with  cul- 
tures of  B,  Friedebergensis,  B,  enteritidis,  B,  Morseelensis,  B.  boris 
jnorbificans,  B.  Breslaviensis,  and  of  the  orgjinisms  isolated  by  Fischer, 
Abel,  and  Giinther,  and  also  of  the  various  strains  of  paratyphoid 
bacilli,  led  him  to  the  conclusion  that,  while  these  several  kinds  present 
slight  differences  in  morphology  and  cultural  iK^culiarities,  they  show 
no  fundamental  difference  and  are  merely  varieties  of  one  and  the  same 
organism.  Others  have  called  attention  to  the  similarity  of  symptoms 
in  mejit-poisoning  (not  botulism)  and  jxiratyphoid,  and  the  belief  is 
growing  that  the  differences  in  the  nature  and  severity  of  symptoms 
and  in  the  order  of  their  appearance  are  dependent  U|Hm  the  slight 
racial  differences  in  the  bacteria  and  upon  the  degrt»e  of  virulence  and 
^Zeitschrift  fiir  Hygiene  und  Infectionskraiikheiten,  XI^V.,  p.  139,  and  XLVL,  p.  68. 
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individual  susceptibility.  Many  outbreaks  of  meat-poisoniug  have 
been  indistinguishable  from  paratyphoid,  and  many  of  severe  form  have 
been  mistaken  for  true  typhoid.  Trautmann  believes  that  the  typical 
meat-poisoning  is  the  hy])eracute,  and  paratyphoid  the  subacute,  mani- 
festation of  an  etiologically  similar  disturbance,  and  he  places  all  of 
the  exciting  causes  under  the  general  head  of  B.  paraiyphomis. 

Onset  and  Course  of  Symptoms. — The  first  symptoms  in  cases  of 
poi>K)ning  by  fish  and  meats  may  occur  within  an  hour  or  two  after  eat- 
ing or  may  be  dekyed  a  number  of  days.  In  one  outbreak  cited  (see 
Poiscming  by  Herrings,  page  61),  in  which  5  persons  were  seized,  the 
initial  symptoms  appeared  in  2,  3,  5,  7,  and  9  days  respectively ; 
ordinarily  they  appear  within  a  few  hours — ^3,  6, 1 2.  When  numbers  of 
|)er8ons  are  affected  by  the  same  food,  the  onset  is  by  no  means  uni- 
form. In  the  Ellezelles  case  (see  page  69),  in  which  20  persons  were 
seized,  the  time  in  which  the  symptoms  first  were  manifested  ranged 
from  3  to  36  hours,  but  as  a  nile,  it  is  the  appearance  within  the  same 
day  of  similar  symptoms  in  a  number  of  [)ersons  which  calls  attention 
to  the  food  supply  as  a  commcm  cause  of  the  trouble.  Poisoning  by 
ptomains  is  manifested  generally  within  a  few  hours. 

In  cases  of  rapid  onset,  the  progress  either  to  recovery  or  a  fatal 
termination  is  commonly  short,  but  may  be  sometimes  a  matter  of 
months,  and  in  these  exceptional  cases  eventual  recovery  is  probable. 
The  shortest  case  on  record  is  that  of  mussel-poisoning  at  Wilhelms- 
haven  (see  page  60),  in  which  1  victim  died  in  2,  another  in  3,  and 
2  others  in  5  hours  after  eating. 

A  peculiar  tendency  to  relapses  often  is  observed.  The  patient  begins 
to  improve,  when  suddenly  the  original  symptoms  reappear  with  equal, 
greater,  or  diminished  intensity.  Improvement  may  l)e  succeeded  again 
by  a  relapse,  and  the  alternation  may  obtain  for  many  mcmths.  The 
toxins  secreted  by  the  original  invading  bacteria  are  antagonized  by 
antitoxins  ])rodnced  by  the  system  and  improvement  occurs ;  then  dur- 
ing this  interval  the  spore-bearers  find  opportunity  to  develop  a  new 
cn>p  of  bacteria,  which,  again  pnxlucing  toxins,  cause  a  recurrence  of 
the  original  symptoms. 

Nature  of  Symptoms. — As  has  been  state<l,  the  effects  produced  vary 
very  greatly,  but  the  symptoms  of  abdominal  disturbance  and  of  poi- 
soning of  the  central  nervous  systt^m  are  the  most  constant  as  well  Jis 
mo^t  predominant.  Fever  may  or  may  not  be  ])res(Mit ;  usually  it  is 
not,  but  in  some  outbreaks  tenipenitures  exctHKling  104°  F.  have  bc*en 
reconled.  In  some  cases,  the  temperature  is  subnormal.  Disturbance 
of  the  circulation  is  more  common  than  fever,  the  pulse  being  small 
and  rapid,  and  sometimes  dicrotic.  In  a  few  instaii(;e>5,  marke<l  enibar- 
raRsment  of  respiration  has  been  noted.  In  most  of  the  reconle<l  wises, 
no  mention  is  made  of  inv^olvement  of  the  kidneys,  but  in  some  in- 
stances evidence  of  acute  nephritis  has  bwn  observed.  Dysuria, 
anuria,  and  jwiralysis  of  the  bladder  are  not  nn(H)mmon.  In  most  (»asc»s, 
extreme  mUscular  weakness  is  a  prominent  symptom,  and  not  infre- 
quently muscular  pains  and  crumps.  While  diarrluea,  long  continu(Kl, 
is  a  most  commcm  occurrence,  in  many  c  ises  most  ol)stinate  constipation. 
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sometimtv^  I'ulbnviug  iliarrbfea  mid  sMm*4irin's  |m\seiit  from  thv  tir^t,  k 
ihjUhI.  In  iMinit^  iii>iL'>  MlHluiiiiiial  syjiiplduis  aiv  Uy  m»  nieaiLs  jinmimeMt, 
and  in  others  tliev  are  pnietically  tlie  only  nnes  t»l>serv(xl.  The  syniyr- 
t<mis  of  involvi'meiit  of  fhf  iktvohs  systejii  iiu-lu^te  those  meotidiie^d 
ahove,  and  dni\vsine?is  or  insomnia^  he:idarlic%  tlizziiii'ss,  deliriimu  iiimin- 
iA\ri]  i-OHirdmution  (*f  innvenieiit,  iiimibnpss,  rnuoji^,  citoviiLsioiLs,  and 
[  Ki  111  ly  hies. 

Post-mortem  Appearances. —  The  |n>st-nn>rtriii  apjiearauees  ohservinl 
in  eases  n\'  puixinHr^  aiv  very  itieuiistant,  hiitli  a^  to  rxtt  lit  and  kind, 
and  are  by  nn  n*eans  proj>i>rtioiiat("  tti  tlie  .-everity  of  tli*'  syni]>tf>iiis. 
Even  wht'ii  a  numhtn'Mf  individuals  snceiuuh  to  the  same  iuHiienees,  the 
appeiitiinees  may  show  I  nit  Httle  in  eoinmorL  Thus,  in  tlie  Welhe<'k 
ease  (pai^^e  i>(\]^  one  siiowed  nothiiiM;  m*n'e  tlian  a  few  l»nj^ht  nxl  jiatrlies 
in  tliL'  stiirnach  ;  a  setsmd^  eun^estiun  <tf  tht*  ^istrc>-intestiii;d  iiiia*<)iis 
nieiiihrane;  iiiid  a  tliini,  severe  |vareuehyniatt>us  iiiHiJiiuiiation  with  clis- 
tenlion  and  pluj^^in^  ni'  the  arterinh's  and  capillaries  of  the  Malpi^hiun 
airpns(_*les  by  einli<ili  of  haeteria.  The  most  extensive  rlianp-es  observe*! 
are  those  tieciinin^  in  })oisoning  hy  iniishrls  and  uyski>,  in  which  ea-es 
the  extreniely  mjiid  unset  and  the  wry  sh<irt  eomve  to  a  fatal  termina- 
tion suggest  the  action  uf  |>ois*)nous  j»toniains.  Indeed,  animal  experi- 
nientiition  has  denionstnited  that  certain  c>f  these  eonijicuinds  prmlni^e 
these  very  changes,  whjeli  ineliale  g:rcat  enlarf-enu'nt  nf  ihr  sjilrcn^  pnnr- 
tiiorai  e<'ehynioses  and  henmrrlui^dr  iniuiftions^  and  latty  tlcgeiifni* 
tion  of  the  hejiil^  liver,  and  kidneys.  In  eases  of  nieat-iMnsmniij^,  the 
np|i<^inmce>^  noteil  mn^je  fW>m  a  few  retl  putche.s  in  the  intestines  to 
severe  ga,stn»-ententis  with  destructive  chan^is  in  all  the  prinri|ia! 
vis* 'era. 

Character  of  Meats  whicli  Caiise  Poisoumg,— !n  jjrciur.il,  ontbn_^ik>  of 
pnisonin^  are  caused  by  the  meat  of  animals  slan^ditered  while  sntfer- 
in^  from  diswu^s  other  than  those  which  an^  best  known  to  the  puldie 
het^anse  of  the  trreat  destnietioii  wrought  when  ra^dn^  in  e|»ideniic  form  ; 
hut  tliev  mav  also  hv  trae^Ml  to  the  tlesh  of  |*crfeelly  healthy  animals 
which  has  htK.^»mc  cnntaininatiNh  In^th  in  tlic  niw  and  etrnked  states,  hy 
jKUs» ui-pHKlueiiiL:  haeteria. 

The  most  tlan^eitms  forms  of  nieal-potsoninu  are  those  <lue  to  tlic 
pvieniias,  st^ptictcmias,  an<l  pneumci-cnk-ritis,  and  ilu*  ^ircatest  intensity 
4>f  action  is  pividuc^'d  hy  preparations  made  fnun  the  cut  rails. 

In  a  inajr^rity  of  the  rcfHU'ted  outbreaks,  the  meat  has  been  c*>nsumed 
either  rtiw  or  onlv  im|M;rff»<'tly  crMikcil,  *u*  after  In-in^  kept  a  day  or  two 
after  bein^  i'ooked.  The  meats  mr*st  eonmionly  tlic  ejuis<^  are  pork  and 
its  prcpanitiuns,  ami  veal.  Both  yield  a  considerable  anionut  of  gelatin, 
and  this  fact  ha>  been  su|rfre^stcd  as  having  an  impc^rtaiit  bearioii,  -inee 
this  material  is  a  naHlium  which  otfers  tavr>rable  Hpportunitie>  li»r  tlie 
sjn)wth  of  bacteria. 

Must  of  the  re]K*rte<l  outbreaks  iiave  lu/cnrrnl  in  the  countries  of 
EurojK',  where  the  meat  sujiply,  in  c^onscquetice  ot  liciu^  very  rcstrietetl, 
Is  utiliztnl  to  its  fullest  extent.  Visecm  which  with  us  are  rejected  as 
teftise,  and  the  fle^h  and  viseeni  of  animals  slaujjhten'*!  in  et»nse<pien<'i 
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of  sickness,  with  the  consent  and  approval  of  official  vetermarians,  are 
si>ld  and  eaten.  Another  reason  for  the  frequency  of  the  outbreaks  is 
a  very  common  preference  for  scrajxKl  or  minced  niw  meats  and  for 
sausages  of  domestic  mimufacture  made  under  most  uiisanitar}'  con- 
ditions. 

VeaJ. — According  to  Vallin,  in  a  communication  to  the  Academy 
of  Medicine  in  1895,  a  large  numl)er  of  outbi-eaks  of  poisoning  in 
< iermany,  Switzerland,  and  elsewhere  are  due  to  the  consumption  of 
veal  from  animals  either  sick  or  too  immature.  Darde  and  Drouineau  ^ 
relate  that  they  have  seen  nearly  the  whole  strength  of  a  militar}' 
i-ompany,  185  out  of  147,  poisone<i  by  eating  roast  veal.  The  symj)- 
toms  appear  generally  in  from  6  to  24  houi-s,  and  include  vomiting, 
purging,  and  great  prostration.  Dilatation  of  the  pupil  is  common, 
l>ut  not  constant.     Occasionally,  skin  erupticms  apjK^iir. 

By  Vallin,'  and  by  others  as  well,  it  is  deemed  pix)bable  that  veal- 
p)isoning  is  due  largely  to  the  existence  of  septic  pycemia  and  septic 
pneumo-enteritis  in  calves,  and  Van  Ermengem  has  suggested  that  a 
number  of  septic  diseases  of  these  animals  are  grouped  commonly  mider 
the  head  of  diarrhoea.  He  fed  the  fresh  meat  of  one  of  these  calv<»s 
to  mice  and  guinea-pigs,  which  died  within  a  few  days  with  enteritis. 
From  the  l)one  marrow  he  isolated  an  organism  which  appears  to  be  re- 
lated closely  to  Graertner's  B.  enteritidis,  and  which  on  inoculation  into 
animals  produces  a  fatal  enteritis. 

Beef. — Beef-poisoning  has  been  noticed  with  considerable  frequency, 
following  the  use  of  meat  from  animals  slaughtered  while  sick,  and  it 
has  been  pointed  out  by  several  observers  that  certain  septic  diseases  of 
<'attle  are  especially  prone  to  render  meat  iMiLsonous.  These  include  the 
septic  form  of  calf  paralysis,  hemorrhagic  enteritis  of  calves,  septic 
metritis  of  cows,  various  intestinal  disorders,  the  septico-pytemic  dis- 
fnises,  and  a  number  of  others.  Gaertner's  B.  oitentidin  was  discovered 
by  him  originally  in  the  flesh  of  a  cow  that  had  been  skughteiVMl  on 
account  of  a  severe  dian'hcea,  and  in  the  spleen  of  a  ]X}rs(m  who  died  in 
o<msequence  of  editing  it.  He  showed  that  not  only  the  l):icillus,  but 
also  its  l)oiled  bouillon  cultures,  are  highly  toxic. 

Many  deaths  have  been  recorded  as  a  consequence  (►f  eating  the  cooked 
meat  of  cows  slaughtered  on  account  of  puerperal  fever,  an<l  it  was  from 
?*uch  an  animal  that  Risenau  isolated  />.  horin  morhijirfnis.  This  cow 
showc*d  such  lesions  of  tlie  viscera  that  the  dirwtor  of  the  Amsterdam 
abattoir  forbade  the  use  of  the  metit. 

Basenau^  has  examined  the  flesh  of  beeves  wliich  had  succumbed  to 
a  variety  of  diseases,  and  he  h-is  isolated  a  iiuinher  <)f'  species  of  bac- 
teria bearing  a  close  resemblance  to  />.  hnris  morhificfuis,  all  of  whirh 
are  fatal  to  mice.  Some  of  them  jmnhice  poisonous  matters  which 
withstand  boiling  without  impairment  of  their  pmperties.  Ordinary 
irispection  being  useless  for  determining  whether  such  meat  is  inftn'ted, 

*  Archives  de  M^ecinc  ct  He  Pliamiacie  militiiires,  189o. 
'  Revue  d'Hygii^ne,  1895,  X\'II.,  p.  478. 
»  Archiv  fur  Hygiene,  XXXIL,  p.  219. 
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he  recommends  that  bacteriological  and  feeding  e:{(periments  should  be 
instituted  together  within  24  hours  afler  slaughtering.  If  no  colonieii 
are  obser\'ed  at  the  end  of  24  hours  and  no  Imcteria  are  seen  in  the  tui- 
sues,  the  meat  may  be  regarded  as  safe  to  eat.  If  colonies  are  yielded^ 
the  acceptance  or  rejection  of  the  meat  must  depend  upon  tlie  results  of 
the  feeding  experiments.  If  the  mice  fed  on  the  raw  meat  die  and  th<ise 
fed  on  the  cooked  meat  survive,  it  may  be  concluded  that  the  meat  is 
safe,  if  thoroughly  cooked.  If  both  die,  the  meat  should  unhesitatingly 
be  condemned. 

Siinsage, — Sausage  has  long  been  recognized  as  a  very  eommon 
cause  of  poisoning,  and  has  a  much  larger  record  of  accidents  than  any 
other  meat  or  meat  compound.  This  is  due  in  large  part  to  a  verj' 
common  practice  of  making  use  of  all  manner  of  uninviting  fragments 
and  scraps  of  meat,  offal,  and  the  flesh  of  sick  and  ill-conditioned 
animals  in  preparing  sausage  meat,  and  perhaps  to  a  greater  extent  to 
the  extremely  unsimitary  methods  of  manufacture  which  obtain  in  those 
districts  where  this  form  of  poisoning  is  most  prevalent.  In  many 
instances,  the  symptoms  caused  are  due  to  the  presence  of  ptomains,  and 
in  many  to  the  contained  bacteria  and  their  toxins. 

In  most  instances,  it  is  impossible  to  fix  the  blame  upon  any  in- 
dividual constituent,  nor  aside  from  its  scientific  interest  is  this  of 
special  importance.  The  symptoms  present  as  wide  variations  in  char- 
acter as  are  observed  in  any  other  form  of  food-poisoning 

The  process  of  smoking,  to  which  certain  varieties  of  sausages  are 
subjected,  while  not  destructive  to  the  bacteria  of  putrefaction,  is  often 
successful  in  masking  any  unpleasant  smell  or  taste  due  to  change. 

Gases  Illastratiye  of  Poisoning  by  Fish  and  Meat. 

Poisoning  by  Mussels.  Case  I. — At  Wilhelmshaven,  in  1885^ 
several  longshoremen  and  their  families,  19  j)ersons  in  all,  were  stricken 
with  very  severe  symptoms  shortly  after  eating  a  meal  of  mussels. 
The  symptoms  were  in  general  the  same  in  all,  regjirdless  of  the  amount 
eaten,  and  iiichideil  nausea  and  vomiting  without  abdominal  pain  or 
purging,  trembling,  constriction  of  the  throat,  dizziness,  and  diminished 
coordination  of  movement  similar  to  that  due  to  alcoholic  intoxication. 
There  was  no  fever.  Sp^^ech  was  difficult  and  thick,  and  in  a  short 
time  the  legs  were  unable  to  sup|K)rt  the  body.  The  pupils  weredilateil 
and  unresj)onsive  to  reaction  tests.  The  extremities  were  cold  and 
numb.  Four  deaths  oocurrcKl,  one  within  two  hours,  one  in  three*  and 
a-half,  and  the  others  within  five  hours  from  the  time  of  ingestion.  The 
autopsy  in  the  only  case  examined  revealed  enteritis,  enormous  enlarge- 
ment of  the  spleen,  numerous  hjcniorrhagio  infarctions,  and  fatty  degen- 
emtion  of  tlie  heart,  liver,  and  kidneys. 

In  this  ease,  the  sudden  onset  and  rapidly  fatal  termination  indicate 
a  tnie  jioisoning  nitiier  than  an  invasion  of  the  system  by  bacteria,  and, 
indeed,  the  poison  was  provc^l  by  Salkowski  and  Briq^er  to  be  a  ptomain, 
to  which  they  gave  the  name  mytilotoxin. 
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Ca8E  II. — Dr.  James  S.  Combe/  of  Edinburgh,  reported,  in  1828, 
an  outbreiik  which  involved  a  large  number  of  persons  of  the  lower 
clas.s  ranging  in  age  from  2  to  70  years.  The  first  ease  seen  was  a 
man  of  (>(),  who  complained  of  thirst,  heat  in  the  mouth,  difficulty  in 
swallowing,  tension  about  the  jaws  and  throat.  The  pulse  was  small 
and  weak,  the  respiration  normal,  the  surface  cool.  The  liands  were 
numb  and  the  legs  unable  to  support  the  body.  Recovery  followed 
purgative  treatment.  He  had  supped  the  evening  before  with  a  friend, 
who  died  during  the  night.  They  had  eaten  mussels  boiled  with  salt, 
but  had  noticed  no  peculiarity  of  taste.  The  next  case  seen  was  that 
of  a  man  of  IM)  who,  on  the  previous  evening,  had  picke<l  a  few  mussels, 
not  over  five  or  six,  and  had  eaten  them  raw.  No  effects  were  notic(xI 
until  morning,  excepting  slight  burning  of  the  lips  and  tongue.  On 
attempting  to  get  up  he  found  that  he  could  not  stand,  although  he, 
like  the  first,  could  move  his  legs  about  in  bed. 

Although  hundreds  of  awes,  with  many  deaths,  were  said  to  have 
occurred,  in  consequence  of  which  the  magistrates  issued  a  warning 
against  the  use  of  mussels,  Dr.  Coml)e  found  but  thirty  cases  with  two 
fleaths.  In  all,  the  symptoms  presented  a  striking  uniformity,  though 
they  varied  much  in  severity.  Most  of  the  victims  had  eaten  the 
mussels  boiled  with  salt  and  pep|)er,  and  none  had  noticed  any  unusual 
taste.      In  general  the  symptoms  ap|)eared  in  an  hour  or  two. 

The  man  who  died  had  vomited  a  few  hours  after  eating.  He  lay 
<lc)wn,  had  occasional  general  trembling,  was  rational  to  the  last,  and 
ilied  as  if  by  increasing  weakness.  On  section  a  few  dark-red  patches 
were  found  in  the  ileum.  The  stomach  was  empty  and  presented  no 
abnormal  appearance.  The  other  fatal  case  was  that  of  a  woman  who 
<liod  in  threi*  hours  after  eating.  The  autopsy  revealed  a  full  stomach 
<Y>ntaining  mussels  and  {K)tatoes,  and  beyond  a  few  red  patches  in  the 
intestine  the  viscera  were  quite  normal. 

In  his  rei)ort,  Dr.  C'ombe  referred  to  a  ease  related  by  Captain  Van- 
<5ouver,*  a  numl)er  of  whose  men  ate  a  breakfast  of  roasted  mussels. 
Soon,  several  were  seized  with  numbness  about  the  face  and  extremities, 
followed  by  involvement  of  the  whole  Ixxly.  One  man,  who  died  in 
five  and  a  half  hours  after  eating,  was  unable  to  swallow,  and  though 
he  could  row  in  the  boat  while  sick,  he  was  unable  to  stiind  on  leaving  it. 

Poisoning  by  Herrings. — A  case  involving  five  persons,  re|X)rttKl 
by  R.  I>avi(l,''  is  renuirkable  for  the  variety  of  manifestations,  the  length 
of  time  that  elapswl  before  the  ap]>eamnce  of  the  symptoms,  and,  in 
two  of  them,  the  severity  and  duration  of  the  illness.  The  afflicted 
persons,  adult  memb<»rs  of  one  family,  ate  on  March  19,  1HJ)8,  some 
raw  rwl  herrings,  which  gave  off  odor  indicative  of  (^>mmencing  putrc^ 
faction.  Each  ate  the  same  amount,  a  whole  fish,  but  whether  ejich 
fish  was  ecjually  advanced  in  decom|M)sition  cannot,  of  course,  be  deter- 
mined, and  the  differing  degrec»s  of  severity  of  effects  may  be  explaincHl 

»  Edinburgh  Medical  and  Surgical  .lounial,  1S28,  XXIX.   p.  8(». 

'  Voyaice  of  Discoverv,  Vol.  1 V.,  ]>.  4'). 

*  Deubiohe  mediciniHclie  Wochensohrift,  1899,  No.  8. 
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by  unequal  susceptibility.  The  father  and  mother  aged,  respectively, 
65  and  67  years,  sufFereil  least;  the  son,  aged  31,  was  affected  more 
seriously ;  the  two  daughters  presented  unusually  severe  and  compli- 
cated symptoms. 

The  first  effects  were  manifested  by  the  son,  who,  on  the  second  day, 
was  seized  with  loss  of  apj>etite,  disagreeable  eructations,  vomiting, 
diarrhoea,  dryness  of  the  throat,  and  general  weakness.  On  the  fol- 
lowing day,  he  was  better,  but  soon  became  worse.  Diarrhoea  was 
followed  by  obstinate  constipation,  which  finally  yielded  to  cathartics. 
Five  days  later,  he  had  dimness  of  sight,  which  was  followed  after  a 
week  by  double  vision  and  difficult  deghitition.  The  symptoms  gradu- 
ally abated,  and  on  May  27th  there  was  distinct  improvement  of  sight. 
On  June  2d  glasses  were  hardly  needed. 

The  mother  first  showed  symptoms  on  the  fiflh  day,  when  nause:i, 
constipation,  and  dryness  of  the  throat  appe^ired.  Several  days  later 
she  had  double  vision  and  difficult  deglutition. 

The  father's  case  began  on  the  ninth  day  and  presented  similar  symp- 
toms, which  disappeared  in  six  weeks. 

One  of  the  daughters  was  seized  on  the  third  day  with  bad  taste  in 
the  mouth,  constipation,  and  dr^^ness  of  the  throat,  followed  in  six  days 
by  dimness  of  near  vision,  then  by  double  vision,  paralysis  of  accom- 
modation, and  difficult  swallowing.  As  was  the  c^ise  with  the  others, 
the  temperature,  circulation,  and  urine  remained  normal.  On  May  2d, 
there  was  complete  inability  to  swallow  and  it  was  necessary  to  intn>- 
duoe  fcKnl  by  means  of  a  stomach-tube.  There  was  slight  ptosis 
of  the  right  eye,  then  of  both ;  the  voice  was  nasal ;  the  gait  was 
affected  and  the  pulse  became  veiy  small,  though  not  very  rapid.  On 
May  9th,  bladder  symptoms,  which  had  been  gradually  appearing,  cul- 
minated in  paralysis  of  that  organ,  and  af\er  the  13th,  a  variety  of 
bladder  and  abdominal  symptoms  appejire<l.  In  the  first  part  of 
July,  she  felt  completely  well,  l)Ut  a  month  later  she  suffered  a  slight 
relapse,  with  reappearance  of  constipation,  difficult  deglutition,  and 
disturbance  of  vision,  which  |K»rsisted  with  varying  intensity  into  Sep- 
tember. Complete  recover\'^  did  not  occur  until  October,  almost  seven 
months  after  the  initial  symptoms. 

The  other  daughter  first  showed  symptoms  after  the  lapse  of  a 
week.  These  W(*re  in  the  main  like  those  of  her  sister,  but  were  moi'e 
severe  and  extensive.  She  begjin  to  improve  in  May,  and  then  ensued 
alternate  improvement  and  loss  of  gn)un<l,  better  one  day  and  woi>e 
the  next.  On  the  15th,  there  was  pain  in  the  left  hypochondrium  ;  (m 
the  17th,  an  eruption  like  that  of  scarlet  fever  over  the  whole  body, 
with  albuminuria,  but  no  casts.  On  the  U)th,  severe  pain  in  the  left 
hypochondrium,  less  in  the  right,  and  tenderness  in  the  r^ion  of  the 
kidneys,  with  epistaxis,  disapj>e{irance  of  the  rash,  slight  desquamation, 
and  improv(Hl  vision.  At  the  end  of  May,  the  albuminuria  and  paiit 
in  the  region  of  the  kidneys  had  nearly  disappeared,  and  deglutition 
was  perfect.  On  June  2d,  heart  complications  appeared,  which 
persisted    into    November,   when    hypertrophy   was    established.     In 
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August,  after  a  jj;eneral  improvement,  there  was  a  relapse  like  that 
which  (KX!urrtHl  in  the  ca.si'  of  her  sister.  Improvement  wa8  well 
established  in  Octol)er,  and  in  November  she  liiid  almost  wlioUy 
recovered. 

Unfortnnately,  it  was  impossible  to  make  a  bacteriological  and  chem- 
ical examination  of  the  fish,  because  no  material  was  obtainable. 

Poisoning  by  Salmon. — Professor  Vaughan*  rejK>rts  the  following 
ctise  :  "  K.,  a  very  vigorous  man  of  114  years,  ate  freely  of  canninl 
s:dmon.  Others  at  the  fcible  with  him  remarked  that  the  fatste  of  the 
s:dmon  was  jwculiar,  and  refrainc^d  from  eating  it.  Twelve  hours  later, 
K.  Ix^gjin  to  suffer  from  nausini,  vomiting,  and  a  griping  pain  in  the 
alxlonien.  Eighti^en  hours  after  he  had  ejiten  the  fish,  the  writer  saw 
him.  He  was  vomiting  small  quantities  of  mucus,  colored  with  bile, 
at  fretjuent  intervals.  The  bowels  had  not  movcil  and  the  griping 
jKiin  amtinued.  He  was  covered  with  a  scarlatinous  rash  from  head  to 
foot.  His  pulse  was  140,  tem|K»rature  102°  F.,  and  respiration  shtil- 
low  and  irregular."  After  appropriate  treatment  he  began  to  improve. 
"  The  next  day  the  rash  disapj>eared,  but  the  temj>erature  renminbi 
above  the  normal  for  four  or  five  days,  and  it  wiis  not  until  a  wec^k 
later  that  the  man  was  able  to  leave  his  house."  Vaughan  examined 
the  salmon  and  found  a  micrococcus  present  in  great  numbers.  This 
orgsmism,  grown  for  twenty  days  in  a  sterilized  ef^^,  produced  a  most 
potent  ]K>Lson.  The  white  became  thin,  watery,  and  markedly  alkaline, 
and  ten  drops  sufficed  to  kill  white  rats. 

Poisoning  by  Oysters. — Case  I. — The  following  case,  which  ended 
(litally,  Is  reported  by  Brosch.^  An  officer  ate  a  number  of  oysters 
towanl  midnight,  and  within  0  hours  was  seized  with  headiiche,  pain 
in  the  side,  nausea,  dimness  of  sight,  difficult  deglutition,  retention  of 
urine,  and  sidivation.  Toward  noon,  right  facial  i)anilysis,  dilatation 
of  the  right  pupil,  and  thickness  of  s|X)cch  a])peariKl,  followed  shortly 
by  cyanosis,  ptosis  of  the  right  eyelid,  great  muscular  relaxation,  and 
paralysis  of  n^spiraticm.  Autopsy  revealed  punctifbrm  e(!chymos(\s  in 
various  parts,  enlargement  of  the  spleen,  and  fatty  degenenition  of  the 
liver  and  kidneys. 

Cask  II. — Another  fatal  cjise  is  recorde<l  by  Casey  i^  "  H.  P.,  about 
.32  y«irs  of  age,  ate  8  oysters  for  su]>per,  remarking  at  the  time  that 
nne  of  them  was  bad.  Others  of  the  stime  lot  a])|K'ari»d  to  be  (juitt^ 
fn*-ih  and  were  (»aten  by  other  pei-sons  with  impunity.  Symptoms  of 
|>oisoning  lH»g:m  about  12—14  hours  later,  with  pain  in  the  bac^k,  soon 
followxHj  by  violent  pains  in  the  st^miach,  fre(juent  vomiting,  and  intense 
thirst.  The  bowels  did  not  act.  Tlu^se  symptoms  continued  until  the 
following  morning,  when  the  pulse,  which  had  been  small  and  quick, 
!)€came  almost  imperceptible,  the  fingers  shrunken,  the  nails  blue.  The 
ttingue  was  at  that  time  dark  and  swollen,  and  swallowing  difficult. 
There  were  occasional  spasms  of  the  arms.     A   little  later,  the  jaw 

*  PtomainR,  I>eucomain»,  Toxins,  and  Antitoxins,  18%,  p.  56. 
^  Wiener  klinlHche  Wochenschrift,  1H*)(),  No.  1."}. 
»  Britinh  Medical  Journal,  March  3,  1894,  p.  463. 
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hevnme  8et,  and  isoon,  afcr  a  sudtlen  struggle  for  breath,  he  diet],  41 
hijm>  after  eating  tlie  oysters*  At  the  j^Kist-morteiii  exaiiihiation,  the 
heart  was  foiiml  tu  lie  verv  suit  ami  ivlaxeil  amJ  euiitaiiietl  fluiil  bU«»ih 
'I'll!'  kidneys  and  spliii'ii  wt-re  alsri  vi^ry  soft  and  (M>n*i;esled  ;  the  stf>niaeh 
enij»ty  and  darkly  eungeskHl  ;  the  j>eritoiRniu  was  thickly  studdt^l  with 
riei'ks  nf  lymph,*' 

Poisoning  by  VeaL — Btiver'  reports  the  folluwing  ease  i«l'  si»xtujde 


jvrnMHiniij    hy    vea 


d. 
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jMTs^>ns    aifec'teil   weix^     men i hers    of 


[jousehold,  and  r.uigetl  widely  in  point  of  ag^%  the  youngest  Iveing 
ehiUh-Lvn  nf  l\  and  ti  veal's.  Tht;  symptoms  ap|>eared  in  tiie  night, 
alurnt  f>  hours  after  the  focul  was  taken,  and  hegan  with  vomiting  and 
violent  eohe.  In  the  morning,  all  liad  infensi-  gastrie  imtahility,  eoated 
tongue,  pain  on  pressure,  es[»eeially  in  thr*  right  iliae  li>ssa,  nunlding, 
>liglit  tymjKinite.s^  and  j^eaoty  tniue.  The  eook  had  njarke<lly  dilated 
jnipils^  a  .sensation  of  suffoeatiou,  eonstrietiou  and  flrynesvS  of  the 
throat,  and  intense  suffusion  of  the  iaee.  The  fluid  of  U  had  dilated 
jKipils  au*l  distorbanee  of  vision,  and  finally  pain  aial  stiffness  of  tin* 
lunseles  of  the  nec^k.  The  younger  of  the  two  ehildren  an<i  the  mothtr 
were  atf'tH-te*!  less  than  tla*  others,  and  made  a  moiv  rapid  reeoverv. 
The  ehambernuiid  had  at  fii^t  a  eertain  degive  of  aggi-axation  of  sym|>- 
Unns,  with  a  teudeney  U*  sy neope  and  great  museuhtr  weakness,  wlneh 
latter  effeets  were  mai  ked  alni  in  the  ois**  of  the  e<Mik»  who  eontinued 
for  j^me  time  to  l>e  tronhled  by  cblatatiou  of  th<'  |)n]Hl^  and  disturljed 
vision.  At  the  end  of  nine  days,  there  was  ut»  evidenee  of  danger,  and 
tlie  two  most  severely  atfeeted  wiTe  well  ou  the  way  t<»  reeHiverj% 

(^ntVu'tiuiately,  no  l»aeteriologieal  (examination  was  made  either  of  the 
meat  or  tlie  diseharg<'s,  but  the  uatnre  ot^  the  sy mi*toju>  leaver  no  mouj 
for  doubt  ai?  to  tlieir  eimse. 

Case  IL — Drs,  Wilkinson,'^  Ashtou»  an<l  Durham  have  rct^orded  an 
extensive  outbrejik  of  j>oisoniug  due  to  im[>ertettly  eo<>ked  veal  pies* 
All  the  eiises,  over  fifty  in  number,  presente<l  very  similar  symji- 
touis,  the  chief  of  whieh  were  ^severe  and  uneuutrollable  vomiting  and 
cliarrhft^a,  aeeompmii'il  at  first  by  shivering,  and  fbUowe*]  by  eoIlapM-, 
In  some  there  were  violent  abdominal  jmins,  and  in  s(*vt^nd  the  ahdo- 
Tiieu  was  swollen  and  tender.  Many  had  s(*\ere  pjiins  in  the  haek.  The 
symptoms  began  in  from  5  to  14  horn's  after  eating,  anil,  as  a  rnle, 
were  severe  from  the  start.  The  motions  weix*  first  gmss-gR*en,  then 
dark  gitjen,  and  highly  offensive.  The  severity  of  the  dtarrluea  in- 
rrea^tnl  oo  tlie  seeoia!  day  ;  oue  |mtient  was  jturgeil  4(1  or  more  times 
in  a  single  day.  In  very  few  eiises,  the  dejecta  eontaiued  a  little 
1>1ikhL 

In  the  worst  cjist^s,  the  ]>iitients  ijeeame  semi-tximatose,  restless,  and 
delirious  in  the  eourse  of  a  few  Irours.  Oeejisionally,  there  were  dis- 
tnrbanri>  of  vision,  whieli  laste<l  until  the  temjKTature,  whii'li  rangi-d 
thnn  1(M)°  in  the  mildest  to  ln4.o'-  F.  in  the  severi^st  ais*"s,  bera me  nor- 
mal.    Th(*  pulse  was  very  nipid,  weak,  and  dierotie.     Maj*y  of  the  pu- 

'  Lnm  mMini!.  May  14,  18^19. 

*  Piiblie  Htakb,  Jiiiiiiaiy,  ISm*,  iiiiil  IkitLnb  Mtdk-al  JiHirnjil,  Ik-ccnjher  17,  1898. 
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tieiibi  were  markedly  cyanotic  and  had  more  or  less  difficulty  in  breath- 
ing.   Some  had  cramps,  and  nearly  all  had  muscular  pain  and  stiffness. 
In  very  many  cases,  herjies  apjx»ared  about  the  lips  on  the  third  to 
the  sixth  day,  and  some  had  a  rash  followed  by  desquamation.     Ojn- 
valescence  in  the  severe  cjises  was  prolonged ;  some  were  still  weak 
after  three  and  a  half  months.     Four  cases  terminated  fatally,  and  in 
two  of  these,  autopsies  were  secured.     The  brain  surface  showed  slight 
congestion ;  the  small   intestines  showed  congt»sted  patches,  which  l>e- 
came  larger  and  more  numerous  lower  down,  and  did  not  corresi)ond 
with  Peyer's  patches.     The  whole  lower  third  was  highly  congested, 
and  contained  yellow  diarrhoeic  fluid.     Otherwise  the  organs  of  the 
Iwidy  were  in  a  fairly  healthy  condition. 

Investigation  of  the  cause  of  the  outbreak  yielded  the  following 
fact« :  On  July  26th,  an  apparently  healthy  calf  was  slaughtered, 
mnd  two  days  later  the  fore  quarter  and  brcjist  were  delivered  to  a 
liakcr,  who  made  the  meat  into  the  pies  which  were  shown  to  have  been 
the  cause  of  the  outbreak.  Other  portions  of  the  animal  were  sold  to 
others,  who  made  pies  which  caused  no  trouble.  A  portion  of  a  knuckle 
end,  which  was  in  the  possession  of  the  butcher  when  the  investigation 
was  begun,  was  to  all  api)earances  iKjrfectly  good. 

The  baker  t^}  whom  the  tmuble  was  traced  made,  on  the  day  he 
n?ceived  the  meat,  160  veal  pies  and  108  iK)rk  pies.  The  pastry  was 
the  same  for  the  entire  lot,  and  both  kinds  were  treated  to  the  same 
lot  of  jelly,  which  was  made  by  boiling  the  vcjil  bones  with  two  pigs'- 
feet  in  4  quarts  of  water.  Inasmuch  as  the  pork  pies  caused  no 
<listurbance  of  any  kind,  no  Responsibility  could  be  attached  to  the 
pastry  or  to  the  jelly.  The  veal  pies  were  baked  in  not  less  than  8 
nor  more  than  5  batches,  hence  the  batches  would  have  included  about 
;^2,  42,  or  53  pies.  The  time  occupiecl  in  baking  each  batch  was  said 
to  have  l)een  about  20  minutes.  The  number  of  persf)ns  alfectwl  was 
over  50  and  as  in  some  cases  single  pies  were  shared  by  2,  3,  and  4 
jK-rsons,  it  is  obvious  that  less  than  50  j)ies  cause<l  all  the  tn)uble. 
Since  no  other  parts  of  the  animal  caused  any  sickness,  there  cjui  l>e 
no  doubt  that  the  contamination  of  the  meat  occurrtHl  after  the  sale  and 
deliver)'. 

According  to  the  findings  of  Dr.  Durham,  l)ased  on  a  study  of  the 
blood  of  a  number  of  the  patients  as  to  the  behavior  of  the  serum 
when  tested  for  clumping  pro|K'rties  with  various  niicn)-organisnis, 
with  controls  of  scrum  from  normal  persons,  th(»  outbreak  was  due  to 
A  efiferifUluu  This  limitation  of  the  in(|uirv  was  n(H*essitated  by  tlu* 
fact  that  it  was  im|H)ssible  to  secure  eitlier  one  of  the  pies,  or  part 
of  one,  or  any  of  the  first  vomitings.  The  eonclusicm  arrived  at, 
strengthened  by  the  fact  that  all  4  fatal  eases  were  from  pies  which 
w<Te  2  or  mon»  days  old  when  ejiten,  which  period  allowcnl  enormous 
ninltiplic:ition,  makes  most  probable  the  further  conelusicm  that  one 
wholo  batch  was  c<x>ked  so  insufficiently  as  to  prec^lude  the  killing  of 
the  oi^ganisms,  which,  acconling  to  Basenau,  cannot  survive  exposure 
for  1  minute  to  a  temj^erature  of  70^  C. 


Poisoningf  by  Pork.-^CASE  I. — Memlitli  Y^jung*  recrmf^  a  caist* 
of  jwrk-jniiiiioninj^  in  wliieh  5  pernotiw  were  affeetetL  The  ofTeDdinf,' 
meat  \v:is  tlirt't'H|uurtt*rs  of  a  pound  of  **  pi^'s  rheek,'*  which  wa*; 
viitvn  lit  \m\i'~]m<t  itmr  m  the  aftenioou,  iH'twefr^ii  whirh  time  tii»d  iht* 
onset  of  HVitiptonis  nutliin^  els<'  was  i^iteii.  On  tlie  following-  ninming, 
Mr.  A.  wa?^  st'ized  siuldenly  witli  vomitin;tj,  purgui^r,  anil  K^veiv 
alvdoniinal  pain,  and  shortly  afterwanl  becMUnt*  veiy  feverish  and  weiik, 
and  sntferetl  fnaii  seven-  fntntal  liradat^lie.  His  wile  had  seven* 
alidnniinal  }ii(in,  and  toward  noiai  was  slronfrly  jinrged.  She  sufteit.Hl 
nanst^a,  ix^teht^l,  but  ronld  not  \  omit,  had  fever  anil  severe  headaebe* 
and  was  nuaii  more  pro^tratal  and  took  more  time  to  recover  than 
her  hnslKind.  She  was  iinabU*  t*^  inp-st  IVkkI  tor  ;i  days.  The  iLiughter 
was  taken  sick  at  the  same  tinn^  and  witl»  the  sami'  symptoms,  though 
less  s^everely.  Her  eliiei*  svniptoni  was  an  *»ViT}M>wrring  tendency  to 
sleep,  A  fourtli  [K-rson,  who  ate  but  little  as  cH>m pared  with  the  amount** 
inj^tetL^tl  by  the  otliers,  was  pnrt^cNl  sli^i^htly,  but  snfferinir  nothing  nion-. 
The  itnnaiuing  nieml)er  showt^d  no  eifeets  until  dnrinir  the  seeimd  nifrht. 
On  tile  fnlltjwinji  moniint*;,  she  was  feverish,  had  severe  headarhe  tmd 
abdominal  pain^  and  ivtehtd  nnsuceessfnlly,  Pui-^in^x  did  nut  occur 
until  the  afternrMju.  As  was  the  etise  with  the  daughter,  the  mo*it 
prominent  symptom  ufier  the  onset  was  scmmrdenee.  Recovery  fol- 
lowe<l  in  ever}'  eiise.  Investigation  shtiwed  that  the  rhceks  had  bec^n 
cfMiknl  2  tiavs  before,  and  liad  bei-n  plaee<l  to^jether  to  e<M>l  and  **set/* 
It  was  estimuteil  that  between  ilO  anil  *jU  pertions  hati  jjurehased  of 
them,  but  all  but  a  small  projMjrtion  weiv  unknown  to  the  seller,  and 
sTj  no  s<ystematie  incfuiry  eoukl  Ik-  madi\  Only  4  could  be  ftdlowed 
np,  and  2  of  tliese  rejic)rte<l  no  trindde  ;  a  third  was  made  severely 
sH'k  and  lost  2  days'  work,  and  the  fourth,  after  t^ttin^i:,  drank  so 
much  beer  that  he  was  made  sick  and  lost  it  all  by  vomit in|i:,  and  yet 
was  affn-tetl  like  the  others,  but  not  so  actively.  It  wa^^  im|H)SsibIe  to 
prrjcure  any  of  the*  meat  or  vomite<l  matter  or  dejections  tV>r  baeterio- 
lo^^ieal  examination. 

Case  II.— At  the  Seventh  Internatiuual  Mt^ilieal  Conjj:ress,  held  in 
London,  in  1881,  Billiard^  resid  before  the  sirtion  on  State  Me<ii- 
ciiie  an  ae<'onnt  of  a  ver\'  serious  raitbresik,  now  ^en«*rally  knivwn  as 
the  **  M^'lbcck  ease/""  This  invt>lved  72  per's4>ns,  who  attcndi-d  a  sale 
of  timljcr  ancl  niat^iinery  un  the  estate  of  tlie  Diike  of  Portland  at  Wel- 
bwk,  which  lastnl  i'rom  Tuesday,  June  15,  1880,  thnvngh  the  wc^k. 
Retreshments  wen*  servtxl  liy  the  keejier  of  a  ptiblic*  hcjuse,  and  amon^ 
the  articles  furnishefl  were  s<*ven  hams,  to  which  the  entire  trtnible 
was  tnictHl.  Mliile  nuniy  i^implaints  were  inafle  that  t!u"  ham  was  not 
Sint1i(»iently  cooked,  that  the  fat  was  ycliowisli  or  nrnrnisli,  tliat  it  was 
Um  siilt,  that  it  '*  txisted  queer,'*  and  that  it  had  no  tnie  flavor  of  ham, 
nainy  ma<I(*  no  complaint,  and  n**  one  said  that  it  was  tainted,  <  >f  the  72 
{>ersons  sci/nl,  4  dictk     The  history  of  o  of  these  follows: 

1,   \\\   W.,    ageil    04,    ate    ham    <>n   AVednesday    and    Friday,   and 

'  Public  Hi-ahli,  J»mt*,  ISIIVK 

*  Siippleiiienl  to  tUih  Aiimial  Repoit  uf  ihi^  ty<K"al  Uovemnient  Board,  1881,  p.  30, 
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was  seized  on  Friday  night,  when  he  complained  of  feeling  cold.  On 
Saturday  morning,  he  ate  hut  little  and  said  he  ached  all  over.  In  the 
course  of  the  day,  he  suffered  from  vomiting  and  diarrhoea,  with  severe 
pain  and  cramps  in  the  legs.  The  evacuations  were  exceedingly  offen- 
sive and  were  passed  involuntarily.  The  pulse  was  128  ;  temperature 
not  taken.  On  Mcmdiiy,  he  began  to  collapse,  and  on  Friday,  he  died. 
The  ptjst-mortem  examination  reveided  little  tliat  was  noteworthy,  but 
microscopic  examination  of  the  kidneys  showed  parenchymatous  inflam- 
mation, and  distention  and  plugguig  of  the  afferent  arterioles  and  capil- 
laries of  the  Malpighian  (•oq)uscles  by  emlwli  of  bacilli. 

2.  Mrs.  L.,  agtKl  62,  ate  some  scraps  of  the  ham  on  Wechies- 
day,  and  was  seized  on  Friday  with  faintness,  diarrha»a,  vomiting,  and 
abdominal  pain.  On  the  following  day  she  fell  into  a  state  of  collapse, 
and  on  the  following  Tuesday  she  died.  The  mucous  membrane  of  the 
stomach  and  intestines  was  highly  congested  ;  otherwise  the  autopsy 
revealed  nothing  abnormal. 

3.  Mr.  8.,  aged  37,  ate  four  sandwiches  on  Thursday.  In  the 
evening  he  vomited,  and  diarrhoea  bc^ui.  In  the  moniing  of  the 
following  day,  he  complained  of  burning  pain  in  the  lower  part  of  the 
abdomen.  The  vomiting  and  purging  continued.  Though  cold  and 
clammy  to  the  touch,  he  complained  that  he  was  "  all  on  fire."  He  had 
cramps  in  the  1^  and  was  very  restless.  His  mind  was  clear  to  the 
last.  The  discharges  were,  at  first,  watery  and  offensive,  and  later  were 
dark  green  in  color.  He  was  very  thirsty  and  dmnk  freely  of  water. 
He  died  on  the  following  Friday.  Only  a  partial  autopsy  was  made. 
This  revealed  bright-red  patches  on  the  mucosa  of  the  stomach. 

The  period  of  incubation  was  accurately  determined  in  51  cases ;  in 
o  it  was  1 2  hours  or  less,  in  34  it  was  between  36  and  48,  and  in  4 
it  exceeded  48  hours.  In  many  cases  the  ons(»t  was  sudden,  and  in 
others  it  was  preceded  by  greater  or  less  indis|X)sition.  The  most  con- 
stant symptom  was  diarrhcea.  "  In  about  a  third  of  the  cases  the  first 
definite  symptom  wjis  a  sense*  of  chilliness,  usimlly  with  rigors  or  treml)- 
ling,  in  one  case  acc»omp«mied  by  dyspnoea ;  in  a  few  c4ises  it  was  gid- 
diness with  faintness,  wmietimes  acconi|Kuii(Hl  by  a  cold  sweat  and 
tottering ;  in  others  the  first  sympt^nn  was  hwidachc  or  jmin  somewhere 
in  the  trunk  of  the  body,  e,  (/.,  in  the  chest,  back,  betwet»n  the  shoulders,. 
or  in  the  abdomen,  to  which  part  the  pain,  wherever  it  might  have  com- 
menced, subsefjuently  extendcnl. 

"In  one  cast*  the  first  symptom  notice<l  was  a  difficulty  in  swallow- 
ing. In  two  cases  it  was  intense  thirst.  But,  however  the  atta(*k  may" 
have  (!ommence<l,  it  was  usually  not  long  before  pain  in  the  alxlomen,. 
diarrhcea,  and  V(miiting  csmie  on,  diarrhoea  InMug  of  more  certain  occur- 
rem*e  than  vomiting.  The  imin  in  sevenil  ejises  eommenciHl  in  the  chest 
or  between  the  shoulders,  and  exteiwled  first  to  the  up|K»r  and  then  to 
the  lower  |)art  of  the  alnlomen.  It  was  usually  very  severe  indeiMl, 
quickly  prrxlucing  prostration  or  faintness  with  cold  sweats.  It  was 
variimsly  described  as  *  crampy,'  *  burning,'  ^  tearing,'  etc. 

"  The  diarrhoeal  discharges  were  in  some  cases  quite  unrest rainable. 
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and  (where  a  description  of  them  could  be  obtained)  were  said  to  have 
been  exceedingly  offensive,  and  usually  of  a  dark  color.  Muscular 
weakness  was  an  early  and  very  remarkable  symptom  in  nearly  all 
cases,  and  in  many  it  was  so  great  that  the  j>atient  could  only  stand  by 
holding  on  to  something.  Headache,  sometimes  severe,  was  a  i^imnioa 
and  early  symptom  ;  in  most  eases  there  was  thirst,  often  intense  and 
most  distressing.  The  tongue,  when  obser\'ed,  was  described  usually  as 
thickly  coated  with  a  brown  velvety  fur,  but  red  at  the  tip  and  edges. 

"  In  the  early  stage,  the  skin  was  often  cold  to  the  touch,  but  after- 
ward some  fever  set  in,  the  temperature  arising  in  some  cases  to  101°, 
103^,  and  104°  F.  In  a  few  severe  cases  where  the  skin  was  actually 
cold,  the  patient  complained  of  heat,  insisted  on  throwing  off  the  l)ed- 
clothes,  and  was  very  restless.  The  pulse  in  the  height  of  the  illness 
became  quick,  counting  in  some  cases  100  to  128. 

"The  above  were  the  symptoms  mast  frequently  noted.  Other 
symptoms  occurred,  however,  some  in  a  few  cases,  and  some  in  only 
solitary  cases.  These  I  now  proceed  to  enumerate.  Excessive  sweat- 
ing, cramps  in  the  legs,  or  in  lx)th  legs  and  arms ;  convulsive  flexion  of 
the  hands ;  aching  pain  in  the  shoulders,  joints,  or  extremities  ;  a  sense 
of  stiffness  of  the  joints  ;  prickling  or  tingling  or  numbness  of  the  hands, 
lasting  far  into  convalescence  in  some  wises ;  a  sense  of  general  com- 
pression of  the  skin,  drowsiness,  hallucmations,  imperfection  of  vision, 
and  intolerance  of  light. 

"  In  three  crises  (one  that  of  a  medical  man)  there  was  observed 
yellowness  of  the  skin,  either  general  or  cx)nfined  to  the  face  and  eyes. 
In  one  case,  at  a  late  stage  of  the  illness,  thei*e  was  some  pulmonary- 
congestion,  and  an  attack  of  what  was  regarded  as  gout.  In  the  fatal 
cases  death  was  prect^led  by  collapse  like  that  of  cholem,  coldness  of 
the  surface,  pinched  features  and  blueness  of  the  fingers  and  toes,  and 
around  the  sunken  Qyi^a^,  The  debility  of  c<)nvale<c»ence  wjis  in  nearly 
all  cases  protracted  to  sevenil  wec^ks. 

"  The  mildest  eases  were  chanicterizcHl  usually  by  little  remarkable 
beyond  the  following  symptoms,  viz.,  alxlominal  pains,  vomiting,  diar- 
hcpa,  thirst,  headache,  and  muscular  weakness,  any  one  or  two  of  which 
might  be  absent." 

investigation  of  the  hams  showc^il  absence  of  trichinie  and  the  pres- 
ence of  a  bacillus,  which  on  inoculation  into  animals  was  found  in  most 
<^Lses  to  pnKluce  a  pneumonia. 

The  peri(Ml  of  incubation  indicates  that  in  these  cases  there  was  a 
true  bacterial  infcM'tion. 

Case  III. — Another  epidemic  investigated  by  Rdlard  *  involved 
a  far  gn»atcr  number  of  pci'sons  and  had  an  unusual  attendant 
mortality,  nearly  oOO  persons  out  ol  a  iK>pulation  of  about  100,000 
(Mid(llesl)ix>ngh)  dying  during  the  year  of  a  peculiar  form  of  pleuro- 
pneumonia. 

The  cause  of  this  remarkable  epidemic  was  ])roved  to  be  tlie  c*<ju- 
sumption  of  what  was  known  as  **Ameri(Mui  ba(^>n,''  a  foo<l  product 
•Supplement  to  18th  Annual  Report  of  the  L<K'al  Government  Boanl,  1889,  p.  103. 
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prt^jvared  from  imported  salt  pork  at  a  number  of  local  establishments 
coiiducteil  under  most  unsanitary  conditions.  Twenty  samples  of 
bacon,  some  obtaine<l  at  shops  and  some  at  the  homes  of  victims, 
were  examineil,  and  fourteen  were  found  to  be  distinctly  {)oisonous  to 
animals.  The  lesions  discovered  in  the  dead  animals  were  of  the  same 
nature  and  extent  of  those  in  the  organs  of  the  |3ersons  who  had  died. 
These  included  destructive  changes  in  all  the  principal  viscera,  and 
mon»  particularly  in  the  lungs.  Dr.  Klein  discovered  in  the  lung  a 
short  bacillus  which  had  never  before  been  described.  Inoculation 
experiments  on  animals  produced  results  identical  with  those  following 
fc»ecling  ex|)eriments  with  the  so-eidled  bacon. 

Case  IV. — A  remarkable  outbreak  due  to  raw  pickled  hjim  has 
been  recorded  by  Van  Ermengem*  and  carefully  investigated  by  him- 
self and  others.  More  than  twenty  members  of  a  musical  society  at 
Ellezelles,  in  Belgium,  were  seized  with  serious  illness  after  eating  the 
greater  part  of  a  raw  pickled  ham ;  three  died  within  a  week,  and  ten 
lay  in  a  critical  condition.  Other  parts  of  the  animal  from  the  same 
pickling  tub  were  eaten  in  a  raw  state  without  ill  effects,  and  pieces  of 
the  jxirticular  ham  had  been  consumed  a  short  time  before,  also  without 
ill  effect*.  Only  those  jiersons  who  ate  of  the  ham  were  seized  with  the 
very  peculiar  train  of  symptoms  recorded.  Most  of  them  were  seized 
in  from  20  to  24  hours,  »3  in  less  than  that  time,  and  a  few  as  late  as 
.'^6  hours  after  eating. 

The  first  symptoms  were  gjistric  pain,  nausea,  and  vomiting  of  un- 
digestetl  fcKKl  and  gelatinous  blackish  matters.  Instead  of  diarrhoea, 
which  one  would  expect,  there  was  obstinate  cimstipation  in  all  but 
2  cjises,  and  the  first  dejections,  with  or  without  cjithartics,  were  black 
and  viscid.  In  even'  case,  in  from  My  to  48  hours,  there  were  pro- 
found disturbances  of  vision — amplKnliplopia,  marked  dilatiition  of  the 
pupils,  with  absences  of  redaction  to  light,  ptosis  of  both  lids,  and  a 
peculiar  fixed  stiire.  There  was  burning  thirst  with  a  strangling  s(»nsa- 
titm  in  the  throat.  Swallowing,  even  of  li(|ui<ls,  was  difficult  or  irapos- 
sild(»,  and  every  attempt  was  accompanied  by  clioking. 

In  some  instance.^,  the  saliva  was  suppressed  and  the  mucxais  mem- 
!>rane  dry  and  glossy.  The  voice  was  weak,  and  with  some  there  was 
total  aphonia.  Dysuria  and  anuria  wen*  common.  There  was  but 
little  disturbance  of  respiration  and  circuhition  ;  the  ))ulse  never  reached 
over  IM),  respiration  was  quiet,  t<Miiperature  normal.  Consciousness  and 
giMieral  s<'nsibility  remaintnl  unimpaired  throughout,  except  in  the  fatal 
«-si>es,  in  which  alone,  sevend  houi-s  before  death,  there  occurred  collapse, 
dyspna-a,  small  irregular  pulse,  light  deliriuui,  and  (»oma. 

There  was  obstinate  insomnia  in  many,  during  the  first  period.  The 
extremiti(»s  and  trunk  muscles  showed  neither  complet(»  pandysis  nor 
atn)phy,  but  there  was  grejit  general  muscular  weakness,  and  slight 
movements  cjiused  extreme  fatigue.  After  two  or  thr(»e  weeks,  the  eye 
symptoms  Ix^gjm  to  improve.  The  dilated  ])upils  contrac^ted,  the  cloudi- 
ness disapjx?sire<l,  and  the  half-pa ralyzcnl  eyelids  regained  their  jwwer. 
*  ZeitNchrift  fiir  Hygiene  uml  Infei'tionxkrankheiten,  XXVI.,  p.  1. 
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Dipl»>pia  dis^ipjH^nvd  tmW  wlicii  ijoth  vyvi^  wvre  fixetl  ]iit**rally.  Par- 
aly.^is  uf  iiei'nniiiiiKlntinii  histinhj  liuig  tinic  a  ft  ct  the  4lis{i|*|>riimnce  of  all 
the  other  syiii|>tiini>,  itml  iinniinl  vision  iliil  not  ivtnni  until  aft<fr  six 
to  vh^ht  nit  lilt  hs. 

Aut^KpHv  in  two  cases  showed  uo  rliaractori.stit*  t-lian^res  in  tlie  orgiin^, 
only  exti-nsive  hypeneniifi  of  the*  kidneys,  liver,  and  nieniiitre^,  and 
«(»ft(ndii^  snid  nnusiinl  friahility  «*f  tlie  stnniMeh  walls.  In  iMie,  the  liver 
>tn*wed  iiDirknl  di'i^rtiiH-nitJMii^  iuhI  I  lie  luiiin  piiiietifunn  lieint>rrhagx>i, 
Neither  the  liver  nor  kidneys  showed  anythinu  uiuisnid  on  l^aeteriolo^i- 
cal  examination,  hut  the  spleen  yieldeit  an  anaemhie  haeillas,  whieli 
prijved  later  tu  he  eajjahle  of  eansing  htitnlisnu 

The  piji:  friMu  whieh  tlie  ham  earue  was  kiiknl  si>nie  months  pre- 
viuuslvy  and  wliat  was  nt^t  eaten  af  unw  was  pii  kled  in  tlie  nsnal  svi\y. 
Ihiring  tlie  time  that  elapse<l  between  the  pieklin;^  and  the  supjier, 
the  git^iter  part  of  the  animal  had  Ix'en  e^jnsnmiMl  withont  causing  any 
siekness,  hut  the  ham  whi^-h  was  nearly  iiitaet  was  the  last  to  he  eaten, 
lay  on  the  hottom  of  the  tul),  and  was  the  only  ]>art  tliat  was  immerse*! 
onjipletely  in  tlie  weak  Ijrine.  What  was  left  of  it  pwv  no  odor  of 
putridity,  l>nt  had  a  distinet  o{k>r  like  that  of  raneid  hutten  Tliat  the 
ham  had  a  l)ad  taste,  was  apTed  hy  nwirly  all  who  ate  of  it.  It  appi-stn^l 
normal  to  the  eye,  hut  was  pale,  like  any  meat  that  lias  Imhmi  stiakt*d 
some  time  in  water.  Theii^  was  im  evideiut*  ni'  deennnKisitioii,  and 
no  pfomaiiis  wciT  deti*<:*te<l. 

Haeteriolo^rieal  examination  proved  in  ditfennit  parts  the  presenr*p  o\ 
a    hitlurto    unknown    spon^-iM';irin^   haeillns   in    lin^jit   ahundanet%   t 
same  ortfimism   as  that  isoiate<l  t'roni  the  s[»ieen  i»f  one  of  the  vietim; 
,  It  produfCMt  an   extninrdinarily  vinilent   toxin,  whieh   was   isiilati'd  hy 
Brieger  fmni  enltiires  supplie*!  hy  the  dis(*overt  r,  hy  whom  the  oi'gjiti- 
ism  was  nanicKl    Bavifftt^  hoiuiinttK     The  tcjxin   i>  ivndei'ed  inert  liv  a 
tenipeniture  of  <>0'^    to  7(P  (_'.,  therein   agrt-einLT  with   other   baeterial 
t4ixins  thus  far  is^ilated. 

At  tern  I  its  to  discover  the  or<iTinism  in  the  feees  of  various  aniniab 
and  in  fd th  of  various  kinds,  ami  in  s|)et*imens  fn>m  where  the  \ng  %vai> 
raise<l  were  net^rative  in  results. 

Ft*e<li n;^-ex peri  men  ts,  eonduete<l  on  various  kinds  of  aiiiinals  with  the' 
meat  itself  and  with  sujueous  triturations  of  it  a(kk*il  to  otlter  foods,  |iio- 
dueed,  as  a  rule,  fatal  results  with  the  sanie  train  of  symptoms  as  alnive 
nientioiie<L  Snhentaneou^  injetTtions  of  the  wateiy  extract  prfxlutvd  the 
same  results  as  ItH^din^^-experiments.  Tlie  aquHius  extnu^t  kept  in  tlie 
dark  in  a  se^di^l  tul*e  retain*'<l  its  propc*rties  unimjmiriHl  fcir  HMiionths, 
and  small  pieces  of  the  meat  kept  in  eotton-sto[jp<'iX'd  tnl»es  without 
sj>ecial  |>r<.T4iutions  retained  their  viridenee  even  lon^rtr.  The  jK»is<in 
n^sists  the  eHirts  t»f  pntrefaetton,  and  prcived  to  1h*  eHpially  jwiisomais 
after  4  days*  standi n<x  in  a  mixture  with  teces,  deeon^jxisinnr  liknid  aiul 
urine,  an^l  iiltnition  through  jmnvlain.  A  fresli  tiltrat<',  t*i  which  wei*e 
added  B,  proflhflomtii,  R,  profeiut  Ikfttrfartni^,  B.  fim^tntreiw  putrldesR^, 
and  fi.  ^*n//\  was  found  at  the  end  f*f  a  week  to  he  a,s  active  as  ever. 

Poisoamg  by  Beef— Case  L— In  D^.*e€mber,  1841,  more  than  40 
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of  |M»i.sc»iiifi^  oc('urri'<l    in   New   York  Vhy   fWHii   fsuin^r  smnktHl 

C  As  ri  nilt'  till'  syiiiptunis  In'^tn  S4.'vrnil  liuiu's  sitU'i*  I'litii!*^,  with 
|iain  ami  dhmMMiifnrt  in  tlii'  (*[>i^:i>itriiiiii,  rxtrmlin^  in  tbr  Inu-k  uud  Inius. 
V^uiiiting  and  pnr^ing  wi'Vv  IViIIuwihI  l>y  great  thirst  and  burnini^"  pain 
at  tlie  pit  i>f  tlie  st«miaeh,  whieh  heeanu*  r^n  irntal>lr  tliut  it  ruuld  tnlrnite 
neither  food  nor  dru^*  Extrenii-  prostratiun  fullnwr*!^  the  linictiunH 
of  the  nt^rvous  and  ninscndar  system  being  greatly  affei^tinL  One  vietini 
tlicci,  and  with  the  others  ojnvalescenee  was  extR'niely  slow.  Autopsy 
f^%*ealed  n^^thing  beyond  iuHanninition  of  tlte  lUenrn. 

Cask  II,— In  May,  1SH8,  at  Frankerdmnsen*  r>H  {lergons  were  made 
?*ick  by  tilting  the  meat  of  a  row  killt^il  wliih^  ill  with  diarrlKea  and 
pas^*d  AS  nlible  Ijv  a  veterinary.  The  synipti)nis  wen?,  in  genera  1| 
itauitea,  vomiting,  diarrham,  fev^er,  drowsinesH,  dizzinessJ,  and  great  de- 
pression, Tho!i<>  who  ate  the  meat  in  the  raw  state  were  seizt*d  withtmt 
exception,  and  the  severity  of  the  sciznre  was  direelly  |>rr*purtionate 
to  th<i  nmt»unt  i^at^^n.  One  vietirn  wlif>  ate  a  pounti  and  a  half  dieti 
within  35  hours,  while  tijose  whit  ate  lea.<t  stitfeitil  leust.  Those  who 
Irte  the  CMioktHl  meiit  faiinl  dirtm'ntly.  Not  all  were  attacked,  nor  did 
the  severity  of  the  symptoms  hiiir  any  rc^latirtn  to  the  anion nt  taken. 
Thus,  some  who  ati*  frivly  suffered  but  little,  wliile  very  si'Vere  etfeet** 
w<*n»  ojiused  by  slight  amounts  oi"  tlie  meiit,  and  ev^en  by  small  jmr- 
tiona  of  tile  brotlu  Thirty -six  who  ate  the  eooke<l  meat  esaiix'tl 
Hltiigt.*tlier.  From  a  portion  f>f  the  meat,  and  fnmi  the  spleen  of  the 
jR»rsi^»n  who  cliod,  rJucrtner'  isolateii  /A  rtthYflitUs,  whieh,  sin<'e  then, 
tiaus  been  shown  to  have  Ijeen  the  eaust*  of  numi^roris  uther  ontiireaks. 

Ca^E  III, — In  June,  ItSHIJ,  i;i7  jM^rsons,  ineluding  ot*  ehildren,  in 
4akd  alKajt  Cotta,  in  Saxony,^  were  made  ill  by  eating  the  meat  f»f  a 
sliinghU'n^l  on  June  17th,  liw^ause  of  an  inHammatory  ef>mlition 
of  the  udder,  (h\  the  lltli,  ^lle  luid  snddenlv  --t^ifjptHl  giving^  milk 
unci  tmd  refusinl  ToihI  and  drink.  riie  meat  a]i[M'are<|  tt»  Ik'  nnnnal  in 
every  way  and  was  sold  on  tlie  day  after  slaughter.  The  first  cases 
ap|Hiire<]  during  the  night  of  the  day  of  sale.  The  majority  of  the 
vietims  had  ration  tfie  minee^l  meat  in  the  niw  stat*^  others  only  afer 
||  had  bcH'U  eookt'tl,  ai»d  some  had  eaten  only  bnitlh     Thc^  Ijuteher  who 

Id  the  TiH'at  tastetl  as  mueh  as  would  eover  a  knife-lJade,  and  suifered 
from  diarrlifea,  hmdaelie,  and  alHlominal  pain  for  three  days.  His  as- 
^isl.*int  did  thf  same»  and  lareil  even  worst*.  In  one  ease,  the  sympt^ims 
b«*gan  with  a  ehill;  in  anotlier,  witli  ditfieult  dt^gliitition,  doulde  vision, 
inid  anxii'ly;  in  the  n*st,  with  nansca,  vomitijig,  diarrhorji,  hwidaehe, 
alMJoniinal  pfiin,  dizzim^s,  great  Ut^situde,  restlessness,  lethargy,  sind 
utKpietiehable  thirst.  In  many  eas^^s  the  eye-s  were  glassy,  and  the 
pupils  mueh  dilateih  The  t«mgne  was  eiMumonly  dry  and  eoat<*d.  The 
rhihlrtm  aftVH»te<l  were  extnM»rdinarily  weak,  and  some  inxl  fever  as  high 
nA  ltH.7°  F.  A  baeilhis  isolated  from  tlie  meat  by  dohne  was  fontid 
by  (jiM?rtner  to  differ  in  some  res|>etrts  frraii  R  enferitifiia, 

*  r<i»rrmfiondrnx-Bl litter  ck-s  !iU«einciiien  ii rati k- hen  Vert'inn  vun  Thfiring^n,  1888, 

*  XXX.  Jiihn»Ujri<iht  ueber  ttm^  Mcdieimilwesicn  im  Koiiigrdch  Suchncn,  p.  104. 
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Case  IV. — Poisoning  by  canneil  c^orned  lieef  at  SheflSeld,  reported 
by  W.  N.  Parker.*  On  October  11,  1S99,  a  six-pound  tin  of  corned 
beef  was  opened,  and  about  two-thirds  were  sold,  chiefly  in  quar- 
ter pounds.  Beyond  the  fact  that  the  meat  seemed  less  solid  than 
usual  and  the  jelly  rather  oily,  nothing  unusual  was  noticed.  It  had 
no  odor,  its  taste  was  normal,  though  cjuite  salt,  and  but  one  customer 
found  its  flavor  disagreeable.  So  far  as  is  known,  none  who  ate  escaped ; 
24  persons  ranging  in  age  fmm  2  to  89  years  were  affected.  The  fol- 
lowing serves  as  an  example,  though  each  cjise  presented  one  or  more 
symptoms  peculiar  to  itself. 

A  woman  of  35  ate  2  ounces  of  the  meat  at  12.30,  and  in  2 
hours  was  seized  with  faintness,  dizzincKs,  and  drowsiness,  followed 
by  nausea,  and  great  muscular  weakness,  especially  of  the  l^s.  Per- 
sistent vomiting  with  frequent  ret<'hing  soon  occurred,  accompanied 
by  intense  frontal  headache,  and  followed  by  colic  which  was  not  re- 
lieved by  purging.  One  hour  after  seizure,  she  was  taken  to  the  ha«- 
pital,  where  she  lay  on  a  cnmch  in  a  state  of  collapse  w  ith  her  knees 
dniwn  up.  Her  face  was  i>ale,  with  livid  }>atches  around  the  eyes,  ami 
bathed  in  perspiration.  The  skin  was  cold  and  clammy,  the  pul>e 
small  and  rapid,  the  respiration  shallow,  the  temperature  subnormal, 
and  the  pupils  dilated.  Her  stomach  was  washed  out,  and  in  a  short 
time  the  pain  and  retching  cc^ased,  the  character  of  the  pulse  improve^!, 
drowsiness  was  diminished,  and  only  the  headache  and  pui^ging 
remained.  Within  an  hour,  the  condition  of  collapse  and  other 
symptoms  reappeared,  but  with  less  severity.  The  stomach  was  again 
washed  out,  and  this  time  the  good  etfects  were  permanent.  On 
the  following  morning,  all  that  was  complained  of  was  slight  frontal 
headache. 

The  approximate  latent  iktiikI  varicnl  In^tweiMi  one  and  three  and  a 
half  hours,  but  in  only  2  cjises  was  it  more  than  two  and  a  half  hours. 
Frontal  headache  was  present  in  all  but  4,  vomiting  in  all  but  1,  pain 
in  only  12,  marked  collapse  in  12,  profuse  discharges  in  all  but  G. 
The  initial  symptoms  were  the  same  in  all ;  that  is,  drowsiness  or 
giddiness,  or  both. 

Only  one  case  resultnl  fatally,  that  of  a  boy  7  years  old,  who  ate 
2  ounces.  His  symptoms  w(Te  especially  severe  ;  collapase  was  very 
marked  and  he  nH|uireil  ecmstant  stimulation.  About  10  hours 
after  the  onset,  he  had  a  series  of  clonic  contractions  of  the  flexor 
muscles  of  the  neck,  arms,  and  legs.  The  movements  were  violent, 
rapid,  and  almost  rhythmical,  commencing  first  in  the  neck  and  arms, 
but  soon  aiftvting  the  legs.  The  eyes  wen^  lixed  and  staring,  and  tht^ 
pupils  widely  dihitcnl.  After  lasting  an  liour  and  a  half,  the  convul- 
sions ctnis^Kl.  They  reappeannl  in  half  an  hour,  affecting  first  the 
right  arm  and  right  side  of  the  tiice,  but  s(M)n  bectmie  general. 
The  collaps(»  gradually  dwpentnl,  and  the  boy  diinl  lo  hours  after 
seizure.  Autopsy  showed  nothing  more  than  a  general  hyperwinia 
of  the  stomach  and  intestines,  with  a  few  hemorrhagic  erosions  in  the 
*  British  MeiHwil  Journal,  November  11,  1899. 
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gastric  mucous  membrane.  A  inicros(x>pic  examination  of  the 
kidney  showeil  cloudy  hwelling  of  the  cortex,  with  a  few  scattereil 
hemorrhages. 

All  the  other  victims  convalesced  rapidly  and  were  discharged  from 
the  hospital  within  48  hours.  8tiuudants,  chiefly  in  the  form  of  strych- 
nine and  brandy,  were  administered  freely.  The  meat  was  examine<l 
bucteriologically  about  1 1  hours  after  the  tin  was  said  to  have  been 
o|)ened.  In  the  outer  parts  of  the  meat,  many  species  of  organisms 
^%•ore  found.  The  only  organism  present  both  in  (cultures  from  the 
centre  of  the  meat  and  in  those  from  the  surface  was  the  bacillus  of 
Giiertner. 

Ca.se  V. — An  outbreak  at  Mansfield,  in  which  Go  persons  l>ecame 
ill  aftt»r  eating  the  flesh  of  a  cow  slaughtered  in  consequence  of  trau- 
matic pericarditis,  has  been  reported  by  \Vesenl3erg.*  Only  those 
who  ate  of  the  minced  meat  in  a  raw  state  or  of  the  partly  cooked 
liver  were  affected ;  those  who  ate  of  the  well-cooked  meat  escapetl 
without  exception.  The  symptoms  were  vomiting  and  diarrhoea, 
violent  headache  and  alxlominal  pain,  general  muscular  weakness, 
dizziness  and  lassitude.  The  discharges  were  sometimes  greenish, 
S4>metime8  brownish,  and  always  extremely  offensive.  With  few  excep- 
tions, the  symptoms  abated  in  from  3  to  5  days,  and  all  recovere<l 
except  one,  and  that  a  doubtful  case  of  a  child  who  was  not  known 
with  certainty  to  have  partaken,  and  whose  symptoms  might  have 
been  due  to  other  cimses. 

The  unconsumed  meat  when  received  for  examination  was  already 
fairly  well  advanced  in  decomposition  and  jmrtly  maggoty.  All  except 
one  piece,  which  was  faintly  acid  to  litnms  papers,  was  alkaline  in 
reaction.  Cultures  on  agar  and  in  bouillon  were  made  from  a  piece 
taken  from  a  part  which  was  apparently  not  yet  in  process  of  decom- 
|>osition.  In(x;ulation  of  the  bouillon  cultures  and  of  small  bits  of  the 
meat  into  white  mice  pr(Klucc<I  fatal  results,  in  some  cases  within  from 
18  to  28  hours  and  in  others  within  3  days.  A  guin(^d-pig  which 
received  a  subcutaniHius  injection  of  the  bouillon  culture  of  the 
crushed  mesit  died  in  48  hours,  having  shown  inarkecl  lassitude  and 
pn>fuse  diarrlnea.  In  all  cases,  section  showed  enlargement  of  the 
spleen,  which  was  bluish-n'd  in  color,  strong  injection  of  the  small 
intestine,  and  markenl  redness  of  the  mtM^luUarv  substanc(»  of  the 
kidneys.  Cover-glass  prejiarations  from  the  spleen  showed  fairly  long 
and  broad  bacilli,  and  the  same  were  (leveloptd  on  agar  from  the  meat 
it^4f. 

Poisoning  by  Horse  Meat. — Gaffky  and  Paak-  investigated  an 
outbreak  in  the  district  of  Ij<>w('nl)erg,  which  was  known  to  involve  at 
least  30  and  probably  more  individuals.  The  oflfending  materials 
were  horse  meat,  horse  liver,  and  horse  sausage.  The  patients  com- 
plained very  soon  after  eating,  in  one  ease  within  a  half  hour,  of 
nausea,  headache,  alxlominal  pain,  borborygmus,  diarrhcea,  dizziness, 

*  ZeitKC'hrift  fur  Hygiene  und  Infectionskranklieiten,  XXVIII.,  p.  484. 
'  Arbeiten  auM  deni  kai»erlichen  (fesuiidheitsitmte,  VI.,  p.  159. 


74  FOODS. 

trembling,  and  great  thirst.  The  temperature  rose  to  104°  F.  One 
case  terminated  fatally.  Bacteriological  examination  revealed  a  bacil- 
lus which  diflTered  in  some  respects  from  that  of  Gaertner. 

Poisoning  by  Sausages. — Case  I. — Tripe  ^  reported  in  Novem- 
ber, 1879,  an  outbreak  which  included  64  out  of  66  persons  who  had 
eaten  of  a  single  batch  of  sausages.  The  onset  was  characterized  by 
vomiting,  purging,  and  dizziness,  which  came  on  after  interN^als  of 
varying  length.  There  was  extreme  weakness,  and  many  had  severe 
cramps  in  the  1^  and  ])ains  in  the  abdomen.  In  the  majority  of 
cases  the  vomiting  and  purging  lasted  from  36  to  48  hours.  The 
discharges  were  verj'  otfensive,  and  looked  like  dirty  wash-water. 
There  was  marked  cerebral  disturbance,  and  a  sensation  of  acridity 
in  the  throat  was  common.  One  of  the  victims  died,  but  the  autopsy 
revealed  nothing  unusual  beyond  a  numbiT  of  red  patches  in  the 
intestine.  The  remaining  sausages  were  found  to  have  a  tainted  and 
putrid  odor. 

Case  II. — The  '*  Limmetshausen  case.''  The  liver  of  a  healthy 
pig  was  made  into  sausages,  which  were  then  smoked  for  a  number  of 
days  and  hung  up.  On  the  eighth  day,  they  were  eaten  by  a  family 
and  a  number  of  invited  guests,  one  of  whom,  objecting  to  their  peculiar 
taste,  refrained  from  eating  and  escaped  the  trouble  that  came  to  all  the 
rest.  The  symptoms,  which  apj>eared  within  a  short  time,  were  the 
same  in  kind  in  all,  but  differed  in  severity.  They  included  abdominal 
pain,  vomiting,  dizziness,  drjiiess  of  the  mouth  and  tlin)at,  and  diffi- 
cult deglutition.  The  pupils  became  dilated,  and  vision  was  much  im- 
])aired  and  finallv  lost.  The  muscular  and  nervous  svstems  were  verv 
much  affected ;  the  pulse  was  rapid  and  weak ;  respiration  became  em- 
barrassed, swallowing  and  speaking  impossible.  Death  ensued  in  3 
Ciiscs,  preaxled  by  great  lividity  of  the  face  and  spasms  of  the 
extremities. 

Case  III. — Van  Ermengem  *  relates  an  instance  in  which  the  remain- 
ing sausages  of  a  lot  which  had  cause<I  illness  in  several  persons  were 
apjMirently  so  wholesome  and  looked  so  inviting  that  the  expert  and 
his  assistants  to  whom  they  were  sent  ate  them  and  themselves  became 
ill.  The  expert  died  on  the  sixth  day,  and  autopsy  showed  gastro- 
enteritis, acute  nephritis,  and  fatty  degeneration  of  the  liver.  Gaert- 
ner's  B.  enteniidis  was  found  both  in  the  organs  and  in  the  sausages. 
The  latter  were  made  of  horse  meat. 

Case  IV.—  Carl  Giinther^  reports  that,  in  several  places  in  Posen,  a 
large  number  of  |)ersons  wore  made  sick  after  eating  pork  sausages  and 
blood,  all  of  which  had  been  supplied  by  one  butcher.  The  most  im- 
jx)rtant  symptoms  were  abdominal  jKiin,  vomiting,  purging;  great 
weakness,  and  lassitude.  One  man  of  47  years  died  after  hardly  a 
(lay's  sickness.  Giinther  examined  portions  of  the  deceased  and  also 
4$amples  of  meat  and  WockI  found  in  the  house,  and  sausage  and  meat 

'Malical  Tinu>s  and  (iazctte,  Nov.  2<),  1879. 

»  Revue  d'Hviriene,  IS^K),  p.  liW. 

» Archiv  fur'Hvgiene,  XXVIIL,  p.  146. 
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fnim  tht'  shop  uf  the  butchtT.  Fi'*»ni  tht^  victim\s  splrtii  ami  liver  he 
isolated  £*  enteritufi^^  but  while  a  duiiiIrt  ut'  sjMtnes  wvnt  i\mm\  in  the 
IVhkU,  thi^  l:>aet<?riom  was  tiiit  deteetetl,  [x/t'hajt^  having  porishe<l 
thniugh  the  iortuijijee  of  the  otlier  .^ptfios  jircsent. 

Case  v.- — Tbitf  hitei^esti ng  iti?^e  of  poi.sfmiiig  l>y  ^iaiisage  (*i»Mipus*'d 
of    p(»rk    iiiitl    beef    is    rehited    l>y   SillHTsehini4lt,'  :u)*l    H-rves   as  iiii 
illustration  of  the  methods  <'<iiiinic)Hly  eiii]>h>y4'd  in  tfie  aramifaeture  of 
^aiiKiges.     Xearly  titlv  {K^opk'  wore  poisouHJ  by  eiitiiig  a  kinii  of  siu- 
8agt»  known  in  SwitxerlaiKl  as  "Lantljagetv'*     It  is  nnule  of  l^et^f,  often, 
al«o,  horse    me: it   with    pig    tut.     The  materials  are   elio^^ptnl    nitlu-r 
eoiirsely,  spieHi,  put  into  i^tsiiigs,  pressetl  flat   liir  a  day,  saioktnl  two 
days,  dried  in    the  air   several  days  more  un<l    then  eaten   in   tlie  raw 
state.     The  simsages  in  this  instime<*  were  made  of  <miw  beef  from  ani- 
mals that  ha<l  b^X'n  ecrtitietl  as  sound  by  a  veterinarian,  and    |H»rk   that 
had  l>een  Intuglit  alwiut  two  wt^^ks   |irevionsly  and  kef)t  with   jvrescrva- 
tive   siUt»  and    had   ap|>eare<J    fresh    and    imehangt^I    whrn    n^eil.      In 
«        tiie  morning  of  the  irtsl  day  tliat  the  .Siuisagts  were  on  salej  a  num  and 
■       biisi  wife  ate  one  of  thern  together,  and   both  wen;  made  so  siek  towanl 
I       <»veiiing  ami   thiring   the   night   that  a  phy>ieian    was   ealled.      In  the 
l^^ftenirK>n  of  the  same  day,  1!>   lishernien   ate  of  tlieni,  arid  on  the  fol- 
^^^Bwing  day  it  was  reported  that  all  of  them  had   Ikvu   nistde  si(*k,     lu 
^^^flle  evening,  another  man  ate  one^  and  it  pleased  him  so  niueh  that  Ije 
W      tcK^k   one   home  to   his  wife   and  clnldren.     On   the  next  dav;  he  bad 
ahHloininal    pains,    hi*a«hn*he,    vomiting,   diarrhnu,    tliirst,  and   a  ehilL 
In   the  aftennxvn,  bis  wite  and   two  ehildren  wiio  hud  etitiai  were   simi- 
hirly  seized.     A    boatniiin   who   ate   two   wlioie    sausag«»s    sufferYil    nn 
ineonveiiienee    Ijeyond  a   little    (»ain  <jn  the  following  da^',      Another, 
who  wus  siek  eigliltrn  »bays  and  tln^n   reti*rned   to  his  work,  was  seized 
iipiin    ten   days    lattT  witli   tfie  r^aine  train  of  symptoms.       One   man, 
agtd  eighteen  yeai^,  entered  the  hospital  in  t!ie  morning  of  the  seetaid 
day,  and  tlie^I  during  the  night,  two  ckys  ami  a   b:df"  after  ingc*stion 
of  the  simsage.      At  the  fime  (*f  entninee,    the   abflomen  was  sensitive 
and  he  was   |wissing  grayish  watery   stonls;    in   tl»e  afterntMai,  fie  was 
delirious,  snid  his  judse  was  very   small,   in-egnlar,  and   rapid.      Dur- 
ing  the   night    be   eoUapstHl    ajid    died.     S/etion   after   twelve   hour^ 
showeil  a  splwn  of  normal  ske,  swollen  niesenterit*  glands,  and  hvper- 
"^na  of  tlie  stoniaeh  and  intestiiirs.      The  follicles  were  mueb  swollen, 
od  in  the  ihunn  were  several  areas  fnnn  4  t«*  t;  em.  in  lengtfi  bv  1  em* 
in   breadth,  where   the   muenus   membnnie  was  diseolnrHl  and  t^nHjtHl. 
Other  t^rgnns  were  normal.     Six  others  of  thosi^  affin^twl  ^vel>'  tlisc^barnc^l 
from   the   hrj.^pital   aiVer  from  seven  to  fifk^^n  days*  tnj'atment.      In  an 
Ijoining  town,  wlieiv  sans^iges  i>f  the  same  hit  WfTe  srjld,  thiTe  wei-e  1*> 
ther  ejises,  all   with  the  soue  sym|»toms.       Taking  all   the  i/ases  to- 
gether, the   sy m])toms   of  j>mniinenw  wen-  as  follows:    Verv  severe, 
partially  erampy,  abdominal   pains;  very  profuse  diarrhoea,  the  stools 
mimlHTing  frinu  eight  to  twelve  pt^r  day,  and  in  ecdor  varying  bel wei'n 
gray,  gi"€enish,  and  yellow;   nsnally  vondting,  the  i-ejtrftMl  matters  l>eing 
^  Zcit!H:lirift  fiir  Hygiene  ami  InfccliiMiskninklieik'n,  XXX.,  [u  S*IH. 
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watery  and  brownish ;  sunken  eyes,  high  fever,  great  lassitude,  tender* 
ness  over  abdomen,  cramps  in  the  calves,  great  thirst,  and,  oocasionallT, 
raeteorism.  In  most  of  the  cases,  the  symptoms  appeared  on  the  day 
after  eating.  The  duration  of  the  illness  ranged  between  one  and 
thirty  days,  the  greater  nimiber  recovering  in  two  weeks,  and  becomii^ 
fit  for  work  in  three. 

As  is  cH)nunonly  the  case  in  these  outbreaks,  the  attention  of  Ae 
authorities  was  not  drawn  to  the  matter  in  either  town  until  S4^me  days 
had  elapsed.  Chemicid  analyses  of  uinised  sausages  were  made  at  both 
places.  One  analyst  reporteil  negative  results ;  the  other  re|X)rted  the 
presence?  of  ptomains,  but  did  not  further  particularize.  Bacteriological 
investigiition  revealed  the  presence  of  a  variety  of  organisms,  as  was 
to  have  been  anticipated,  and  among  them,  especially  marked,  ProUnf 
vulgaris. 

Poisoning  by  Kid  Meat. — Hensgen  ^  has  reported  the  case  of  a 
whole  family  stricken  after  eating  the  meat  of  a  kid  which  was  killed 
when  but  a  few  days  old.  A  twelve  year  old  girl  was  seized  in  eleven 
hours  with  a  chill,  followed  by  fever,  dizziness,  vomiting,  and  violent 
diarrhd^ti.  The  temperature  rose  to  103.6°  F.  She  was  confined  to 
her  l)ed  for  five  days.  The  father,  forty-nine  years  old,  was  seized 
with  the  same  symptoms  in  twelve  to  thirteen  hours,  and  had  also 
headache,  jwiin  in  the  joints,  thirst,  and  inability  to  walk.  The  tongue 
was  dry,  the  pulse  rapid  and  small,  and  the  pupils  reacted  slowly.  He 
was  sick  eight  days.  The  mother,  vvho  ate  but  little,  was  seized  sud- 
denly in  the  night  with  vomiting,  and  such  great  dizziness  tliat  she  was 
nimble  to  walk  without  holding  on  to  t\\i\  furniture.  A  l)oy,  under  two 
years  of  age,  was  seized  in  the  night  with  vomiting  and  violent  diar- 
rlioen,  which  soon  bivame  bloody.  The  stools  were  unusually  offensive, 
and  persisted  so  for  several  days.  He  was  sick  nine  days.  Three 
other  children,  who  ate  but  very  little,  were  sick  two  days  with  slight 
alxloininal  pain  and  diarrhaa.  No  material  was  obtainable  for  exami- 
nation. The  butcher  sjiid  that  the  kid  was  apparently  healthy,  but  the 
mother  <hK*lared  that  the  meat  around  the  joints  of  the  hind  legs  was 
very  soft  and  watery,  and  the  joints  themselves  enlai^Kl  (septic  poly- 
arthritis?). 

Meat  Inspection  and  Slaughtering. 

Tli(*  value  and  advisability  of  thorough  inspection  of  meats  before 
they  are  ])lace(l  on  siile  are  universjilly  conceded.  In  this  country', 
under  the  inspiration  law  of  March  rS,  181)1,  all  meat  intended  for  ex- 
port is  r('<|iiire<l  to  |)ass  a  very  strict  system  of  insi)ection.  The  ani- 
mals are  inspected  before  being  slaughtered,  and  their  carcasses  are 
examine<l  inici-oscopically  i)y  ofKcials  of  the  Bureau  of  Animal  Indus- 
try before  being  packed.  The  inspection  of  meat  for  local  amsumj)-^ 
tion  is  wholly  a  matter  of  locid  authority  ;  some  States  have  insi)ei*tion 
laws  and  others  have  none  ;  many  cities  have  spe(;ial  r^ulations  which 
are  enforced   by  oiKcials  who  may  or  may  not  be  competent  through 

'  ZfitM-hrift  fiir  Fleis<'h-  und  Milchhy^enc,  VIII.,  p.  181. 
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[  froper  training.  In  Germany,  the  system  of  inspection  is  verj'  rigid, 
I  fftrticularly  in  the  case  of  meats  from  foreign  countries.  This  is  due 
very  largely  to  the  activity  of  the  agricultural  interests  in  j)rotecting 
lbeni.selves  from  outside  competition ;  and  under  the  benevolent  plea 
of  protecting  the  health  of  meat  consumers,  nmch  care  and  attention 
are  given  to  hunting  for  excuses  for  excluding  American  nu»ats  which 
have  already  been  inspected. 

The  Federal  meat  inspection  service  is,  according  to  Salmon,* 
a  sanitar)'  rather  than  a  commercial  insjxjction,  applied  not  alone  to 
meatfl  for  export,  but  also  to  those  intended  for  inter-state  commerce. 
Curiously,  however,  the  very  important  inspection  for  trichinae  is  pri- 
marily a  commercial  matter,  being  applied  only  to  jK>rk  intended  for 
shipment  to  certain  foreign  countries  which  recjuire  it. 

The  United  States  insjKXjtors  are  instructed  to  condemn  all  female 
animals  in  an  advanced  stage  of  gestation,  and  to  prevent  their  slaughter 
for  fcKxl,  Salmon  ruling  that,  though  "  the  animal  is,  strictly  speaking, 
in  a  physiologic  condition,  it  is  not  in  its  usual  physiologic  condition, 
nor  18  the  change  one  which  is  calculated  to  improve  the  quality  of  the 
meat."  Females  in  which  parturition  has  recently  occurred  are  like- 
wise ccmdemned  as  unfit  for  food.  Many  animals  are  condemned  on 
account  of  bruises  and  injuries  received  on  their  way  to  market;  during 
1900,  there  were  condemned  for  this  cause,  in  round  numbers,  carcasses 
or  part8  of  carcasses  of  4500  cattle,  1,000  sheep,  and  12,300  hogs. 
In  some  of  these,  the  injuries  were  extensive,  sometimes  complicated 
with  abscesses,  septic  infection,  and  gangrene. 

The  cattle  diseases  most  prominent  as  causes  of  condemnation  are 
tuberculosis,  actinomycosis,  and  anosmia ;  next  in  onler  are  septicaemia, 
{meumonia,  |>eritoniti8,  pyaemia,  icterus,  abscessi»s,  and  Texas  fever.  In 
swine,  the  most  common  diseases  are  hog  cholera,  swine  plague,  tulxTcu- 
losis,  icterus,  pyaemia,  abscesses,  pneumonia,  inflammations  of  the 
abtlominal  cavity,  septicaemia,  and  tumors.  The  most  common  clauses 
4if  ctrndemnation  of  sheep  are  aiuemia  and  emaciation,  bruist\s  and 
injuries,  tubcR^ulosis,  abscesses,  pneumonia,  unemia,  septiea^iiia,  ictenis, 
ami   pyaemia. 

In  by  no  means  every  ca^^e  is  the  entire  cnnniss  of  an  animal  afflicted 
with  tuhcHMilosis  or  actinomycosis  condemned,  since,  in  the  early  sta ires, 
U>th  diseases  usually  are  localized,  and  the  carcass  as  a  whole  not 
:iffW't<Hl.  A  tuberculous  animal  is  condemned  wliolly  when  there  is 
emaciation  or  generalizjition  of  the  lesions,  and  **  when  the  lesions  in 
any  orgjin  or  org-ans  are  of  such  number  and  size  as  to  indicate  that 
the  system  at  large  may  have  l)een  afleete<l,  either  by  inflammation,  by 
the  mix<Hl  infwtion,  by  the  secretion  and  absorption  of  pus  or  toxie 
principle's,  or  by  interfertnice  with  the  general  nutrition  of  the  ImxIv  '^ 
^S-almcm).  In  nine  years  of  Finleral  meat  inspection,  the  ("»ndenjna- 
tions  ]x;r  10,000  animals,  were,  acconling  to  Sahnon,'-  as  follows  :  eatth*, 
0.4>< ;  sheep,  ^A  ;  swine,  ^M, 

'  Journal  of  the  American  Mediral  As«*4K'iation,  I)ec.  US,  l'.H)I,  p.  ITlo. 
'  Ibidem,  March  30,  1901. 


78  FOODS, 

In  inspecting  meats,  special  attention  should  be  paid  to  the  connective 
tissue  and  glandular  organs.  The  odor  of  a  carcass  should  be  sweet, 
and  the  meat  should  communicate  no  unpleasant  smell  to  a  wooden 
skew^er  thrust  into  it  and  withdrawn.  The  muscle  should  be  firm  aod 
elastic,  but  not  tough.  Any  variation  from  the  natural  color  should  be 
regarded  with  suspicion,  very  dark  color  suggesting  febrile  condition, 
or  that  the  animal  was  not  slaughtered,  or  was  slaughtei'ed  in  a  dyings 
condition.  Such  meat  undergoes  decomposition  much  more  rai>idly 
than  normal  meat.  Animals  that  have  been  drowned  or  have  been 
killed  by  accident  without  being  bled  yield  a  dark  and  discolored  meat 
that  is  likely  to  decompose  more  rapidly  than  that  of  animals  that  have 
regularly  been  slaughtered,  but  an  animal  that  has  been  uijureil,  but 
not  killed,  may  be  slaughtered,  pn)perly  bled  and  dressed,  and  its  meat 
is  then  perfectly  good. 

Animals  should  be  kept  without  food  for  at  least  twelve  hours  before 
slaughter,  and  the  carcasses  should  be  hung  for  a  number  of  hours  ta 
cool.  Many  diseases  are  indicated  more  clearly  after  the  body  has 
cooled. 

The  Jewish  method  of  slaughtering  is  regarded  by  many  as  far 
superior  to  any  other.  According  to  Demlx),*  it  is  the  most  rational 
from  a  hygienic  standpoint,  since  the  animal  is  bled  rapidly  and  com- 
pletely, and  the  convulsive  movements  cause  the  meat  to  be  more 
tender  and  of  more  attractive  appearance.  Ijactic  acid  is  develojied, 
and  through  its  chemical  action  on  potassium  phosphate,  potassium 
lactate  and  acid  phosphate  of  potassium  are  formeAl.  The  latter 
hinders  the  development  of  micro-organisms,  delays  the  formation 
of  ptomains  and  other  jK)is<)nous  matters,  and  improves  the  taste. 
Rigor  mortis  comes  on  more*  quickly,  and  the  meat  is,  therefore,  more 
quickly  available  for  use,  and  also  will  keep  several  days  longer  than 
ordinarily. 

A  process  of  slaughtering  originating  in  Denmark  appears  to 
have  borne  the  test  of  a  hard  three-months'  trial  in  a  very  satisfactory- 
manner,  and  recommends  itself  for  adoption  in  the  tropics,  where 
meat**  de<M)ni|)ose  with  exceeding  rapidity.  The  animal  is  shot  in 
the  forehead  and  killed  or  stnnnc»d,  and  as  it  falls,  an  incision  is  made 
over  the  heart  and  the  ventricle  is  oix'uchI  for  two  purposes :  to  allow 
the  blcKxl  to  esca|>e,  and  to  admit  of  the  injection  of  a  solution  of  salt 
through  the  bl(MKlvesst»Is  by  the  aid  of  a  |K)werful  syringe.  The  proces?^ 
requires  but  a  few  minutes,  and  the  carcsiss  may  be  cut  up  at  once. 

EGGS. 

Eggs  form  a  valuable  substitute  for  meats,  being  fairly  rich  in  fats 
and  pix>t<'ids,  and  are  well  adapte<l  to  the  stomach  of  the  invalid  and 
convalesci^nt  when  meats  <»jinnot  \m}  Imnie.  The  nutritive  part  of  the 
white  is  practi<'jilly  Iimit(»il  to  pn>teids,  which  amount  to  about  12  ix?r 
t'ent.  ;  the  yolk  is  richer  in  pn>teids,  x\m\  cTintains  in  addition  about  3o. 
'  Deutst'he  Vierteljahrsfhrift  fiir  (ittentlirlie  (iesuntlheitspfle^,  XXVI.,  p.  688. 
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per  cent  of  &t.  The  albumin  of  the  white  is  in  a  condition  of  solu- 
tion in  cells  with  very  thin  walls.  The  fatty  matters  of  the  yolk  are 
in  a  condition  of  emulsion,  being  held  in  suspension  by  the  vitellin. 
The  entire  yolk  is  held  together  by  an  enveloping  membrane  and  is  sus- 
pended in  the  white,  being  held  in  position  by  an  albuminous  band  at 
either  end : 

The  following  table  by  Langworthy  ^  shows  the  average  composition 
of  eggs  of  different  sorts  : 


Hen: 

Whole  egg  aa  purchased   .... 
Whole  egg,  edible  portion    .  .  . 

White 

Yolk 

Whole  egg  boiled,  edible  portion 
White-shelled  eggs  an  purchased 
Brown-shelled  eggs  as  purchased 
Dack: 

Whole  egg  as  purchased   .... 
Whole  egg,  edible  portion    .  .  . 

White r. 

Yolk 

Goose: 

Whole  egg  as  purchased   .... 

Whole  egg,  edible  portion    .  .  . 

White 

Yolk 

Turkey  : 

Whole  egg  as  purchased    .... 

Whole  egg,  edible  portion    .  .  . 

White 

Yolk 

Gainea  fowl : 

Whole  egg  as  purchased   .... 

Whole  egg,  edible  portion    .  .  . 

White  /^ .  .  .  .  . 

Yolk     

PIoTer: 

Whole  egg  as  purchased   .  .  .  . 

Whole  egg,  edible  portion  .  .  . 
Braporated  hens'  eggs 


Refuse. 


Per  cent. 
11.2 


10.7 
10.9 


18.7 


14.2 


13.8 


16.0 


9.6 


Water,   j  Protein. 


60.8 
70.5 
87.0 
45.8 

59.7 
69.5 
86.3 
44.1 

63.5 
73.7 
86.7 
48.8 

60.5 
72.8 
86.6 
49.7 

67.3 
74.4 
6.4 


12.1 
13.3 
11.1 
16.8 

12.9 
13.8 
11.6 
17.3 

12.2 
13.4 
11.5 
17.4 

11.9 
13.5 
11.6 
16.7 

9.7 
10.7 
46.9 


Percent. 

Per  cent. 

65.5 

11.9 

73.7 

13.4 

86.2 

12.3 

49.5 

15.7 

73.3 

13.2 

65.6 

11.8    ., 

64.8 

11.9 

Percent. 
9.3 
10.5 
.2 
33.3 
12.0 
10.8 
11.2 

12.5 
14.5 

.03 
36.2 

12.3 
14.4 

.02 
36.2 

9.7 
11.2 
.03 
32.9 

9.9 
12.0 

.08 
31.8 

10.6 
11.7 
36.0 


I     Fuel 
Aah.     i value  per 
'  pound. 


Percent 
0.9 
1.0 

.6 
1.1 

.8 

.6 

.7 

.8 
1.0 

.8 
1.2 

.9 
1.0 

.8 
1.3 


.8 
1.2 


I 


.8 
.9 
.8 


.9 
1.0 
3.6 


Calories 
635 
720 
250 
1,705 
765 
675 


750 

860 

210 

1,840 

760 

865 

215 

1,860 

635 

720 

215 

1,710 

640 

755 

215 

1,655 

625 
695 
2525 


The  proteids  of  eggs  have  been  studied  by  Osborne  and  Campbell,* 
who  found  that  the  yolk  contains  a  large  junount  of  protein  which 
ref^embles  a  globulin,  but  is  believed  to  \ye  a  mixture  of  compounds  of 
protein  matter  with  lecithin.  The  protoids  of  the  white  were  found  to 
include  ovalbumin,  ovomucin,  ovomucoid,  and  conalbumin. 

Eggs  contain  a  certain  amount  of  sulphur,  to  which  the  staining  of 
silver  spoons  and  the  odor  of  rotten  eggs  (hydrogen  sulphide)  are  due. 
The  rotting  of  eggs  is  supposed  to  be  due  to  the  admission  of  fermenta- 
tive micro-organisms  through  the  pores  of  the  shell,  or  to  those  alrcjidy 
present  before  the  shell  is  formed. 

It  is  a  commonly  accepted  idea  in  s<^me  parts  of  the  country  that 
eggs  with  brown  shells  are  of  greater  richness  than  others,  and  that  the 
degree  of  richness  is  directly  proportionate  to  the  depth  of  color.  In 
>*ome  markets,  on  the  other  hand,  the  white  ^g  is  held  in  higher  esteem. 

"  U.  a  Department  of  Af?riculture,  Farmers'  Bulletin,  No.  128  (1901). 
•  Report  of  Connecticut  Experiment  Station,  1899,  p.  339. 
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Aocording  to  the  results  of  an  extea^^ive  .study  of  the  chemical  composi- 
tion of  ^gs  carried  on  at  the  Caliiomia  Experiment  Station  mainly  for 
the  parpocse  of  determining  vrhat  differences,  if  any,  exfet  betiw'een  them, 
there  is  no  bai^Ls  of  fact  for  the  popular  belief  In  fiict,  the  very  slight 
differencei  noted  were  in  favor  of  the  white  ^gs,  but  the  average  dif- 
ferences between  the  two  kinds  were  less  than  the  fluctuations  l>etween 
individual  s:pecimen.s  of  the  same  group.  The  figures  obtained  are 
pre^nted  in  the  following  table  taken  from  Farmer^?'  Bulletin  No.  87  :* 

AX.VLYSIS  OF  BROWN-SHELLED  AND  MTHTESHELLED  ECKiS. 


Pferet. 

Ptrct. 

Perct. 

Perct. 

Perct 

15^ 

33.52 

1.04 

, 

99.73 

n.99 

.21 

.54 

99.34 

11^ 

10.77 

.64 

10.70 

99.52 

15.49 

33.34 

1.05 

99.69 

12.14 

.35 

.56 

199.42 

11.92 

11.22 

.67 

1092 

i  99.52 

Water.      Pmcein.       Fat.        A«h.      Shell.     ToUl. 

BrtMcn-^kdied  egg$:  Perct. 

Yolk  .        49.59 

While 86.60 

Eotir«  egg 65^7 

Yolk 49J»l 

While 86.37 

Entire  egg 64.79 

The  question  of  influence  of  breed  on  ciHupiki^ition  has  been  investi- 
gated at  the  Michigan  £x))eriment  Station.  The  resiults  showed  that 
the  variations  in  c«>mposition  are  too  slight  to  he  of  practical  vahie, 
and,  as  with  the  bn>wn  and  the  white  tggs,  .^>  .flight  as  to  be  less  than 
the  variations  lK»nit«en  individual  sjiecimeus  fttmi  the  same  breed.  The 
influence  of  the  natun*  of  t!ie  feeil  was  investigated  also,  and  was  found 
to  be  of  little  or  no  im[K>rtani»i\ 

The  flavor  of  eggs  varies  aiwnliug  to  age,  those  which  are  jxjr- 
fectly  fresh  tuiving  the  Hiiest  flavor.  It  is  ilejK^ndent  also,  to  some 
extent,  u|K>n  the  natun*  of  the  ftHxl  etmsuiiietl  by  the  fowl,  the  best 
owning  from  a  purely  gniin  fiH^l.  A  ver}-  nitn^^nous  feed  causes  a 
more  or  K*ss  di^jagnnnihle  flavor  and  i^lor.  The  influence  of  highly 
flavon*d  tU^l  has  Uvn  studitHl  by  Kmory,-  who  ft^tl  hens  with  a  ration 
containing  wild  onit»n  tops  and  bull>s.  After  titunn  days,  the  eggs 
having  no  unusual  taste,  i»:ieh  hen  nwivtxl  daily  one  ounce  of  this 
addition  instead  of  a  half  oumv  as  Infon',  and  in  thnv  days  the  eggs 
were  flavored  Si>  strvuigly  as  to  W  ri^pUirnant  to  the  taste. 

The  iron  content  of  the  yolk  of  t^j^s  i-^  <:uil  by  Schmidt'  to  Ik*  in- 
creased materially  by  finnlinu:  !<uvhai':iii'  of  in»n  t«»  lu'iis.  He  asserts, 
also,  that  the  inui  m)  inetir|>or;it«Hl  i<  nion^  a>^iniilabU'  than  most  iron 
preparations  given  in  the  an;eniie  ouitliiion.  A iit'<lHM";Lr  *  asserts  that 
by  feeding  certain  inm  omijHnuuK,  tiie  in  mi  t^>ntrnt  can  Ik*  increased 
eight  times. 

The  digestibility  of  c^i^rs  has  Ihm'ii  <tmlit>l  at  tlu-  Minnesota  Exj>eri- 
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mcnt  Station.'  It  wa*^  shown  that,  while  the  method  of  cooking  has 
<)onie  effect  on  the  rate  of  digestion,  the  totul  digestibility  Is  not  afiected. 
Eggs  boiled  three,  five,  and  twenty  minutes,  and  digested  for  five  hours 
with  pepsin  solution,  showed  at  the  expinition  of  that  time  respectively 
8.3,  3.9,  and  4.1  per  cent,  of  undigested  pn>teids.  C<K)ked  for  five  and 
ten  minutes  in  water  at  180°  F.  and  similarly  treated,  they  left  no  un- 
digested residuum. 

LARD. 

Ijard  is  the  semi-solid  fat  of  the  slaughtered  hog,  separated  from  the 
tb^sues  by  the  aid  of  heat  According  to  the  parts  from  which  it  is  de- 
rived, it  is  classified  as  follows:  (1)  Neutral  lard.  This  is  derived 
from  the  frc»sh  leaf,  which  is  reduce<l  to  a  pulp  after  being  cooled,  and 
then  rendered  in  the  kettle.  A  jmrt  of  the  fat  is  st^jmrated  at  from 
105 ^^  to  120°  F.,  and  the  residue  is  sent  to  the  rendering  tanks  for 
further  treatment.  The  lard  obtained  is  washed,  while  hot,  with  water 
containing  a  trace  of  sodium  carbonate,  common  salt,  or  dilute  acid. 
<2)  Ijciif  lard.  This  is  obtained  from  the  residue  above  mentioned, 
which  Is  subjected  t4)  stciini  heat  under  pressure.  (3)  Choice  kettle 
rendered  hird.  This  is  obtained  from  the  remaining  jwrtions  of  the 
leaf  t<jgether  with  the  fat  from  the  backs.  Both  the  leaf  and  back  fat 
are  piLSsed  first  through  a  pulping  machine.  (4)  Prime  steam  lard. 
This  is  made  from  the  head,  the  fat  of  the  small  intestine,  trimmings, 
and  other  fatty  parts. 

The  spleen,  pancreas,  trachea,  and  all  other  refuse  parte  and  trim- 
mings, with  the  exception  of  the  small  intestine,  the  liver,  lungs,  and 
part  of  the  heart,  go  into  the  rendering-kettle  for  what  fat  there  may 
be  in  them,  and  the  product  is  variously,  hut  not  graphically,  desig- 
nated. 

**  Refined  lard  "  is  a  term  used  to  designate  a  lanl  composcKl  chiefly 
of  a>tton  oil  and  stearin.  It  is  known  more  often  as  *Mard  com- 
pimnd." 

Physical  and  Ohemical  Properties  of  Lard. — At  40''  F.,  the 
specific  gravity  is  0.890;  at  100°,  alxnit  0.8(50 ;  it  differs  not  very 
materially  from  that  of  the  subst4inc(»s  us(k1  as  adultonmts,  excc»pting 
e*)tton-seed  oil,  which  is  notably  heavier.  The  melting-j)oint  ranges 
fn»m  39.1°  to  44.9°  C.  (102.4°'to  112.8°  F.),  acconling  to  the  part 
of  the  aircass  fnim  which  the  fat  is  derivcnl,  and  henc'c  it  cannot  l)e 
taken  as  a  sjife  guide  in  the  determination  of  purity. 

Pure  lard,  melted,  and  mix(Ml  with  strong  sulphuric  or  nitric  aci<l, 
will  give  only  a  slight  color,  which  may  be  yellowish,  pinkish,  or 
inclincKl  to  light  brownish.  Cott4)n-seed  oil  and  other  sikhI  oils,  and 
mixtures  crmtiiining  them,  similarly  treated,  yield  any  (M)lor  lK»tween 
yellowish  brown  and  very  brownish  bhu^k  or  ev(Mi  black.  The  n»- 
fractive  index  of  pure  lanl  is  materially  lower  than  that  of  I'otton- 
seed  oil. 

Pure  lard  contains  only  traces  of  volatile  fatty  acids,  5  grams  yield- 

*  Ptmien^  Bulletin  No.  87,  Government  Printing  Office,  Wasliin^ion,  1S<M»,  p.  2."). 
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mrr  nil  ii mount  which  is  iieutniliztMl  by  I  or  I  of  a  cc.  of  deci normal' 
?iiMlhnii  hytiiiitt^  Hihitioii,  Tht*  iiciu-vnlutilt'  ihXXy  nvkh  are  i>rei?ent  to 
tilt!  extent  of  nboiit  5)5  per  cent.  The  iiKline  ;ibs43rptioii  number  varie?* 
ai^tMU'ding  to  the  part  of*  the  eiirea>y  fmin  whieh  the  tat  is  derived,  hut 
averiige^H  alxuit  (>0.  TUv  iodine  number  (*r  euttHu-seiHl  oil  is  alxiut  H»?i» 
and  tliat  r*f  stearin  is  .ijipnixiuiately  20.  Thus,  thest*  substauees  iisi'd 
as  adulleniuts  may  be  ujixi^i  in  such  jmn>ru'tion  as  to  yield  the  normal 
iodine  number  iA'  lariL 

With  nitrate  of  silver  s<ih»tion,  pnrt'  hu'd  eauses  no  more  than  the 
very  sh^j^litest  ainonut  uf  rL^luetiuiij  and  gfuerally  none  at  all  ;  but  c<)tti»u- 
secd  oil  eauses  a  very  marker!  n-duetion  of  tlje  sidt  to  the  mt4allie  slate, 
with  tlie  resnlt  that  the  mixture  has  a  lu'owuish  or  blaek  a|tpeaniuee 
from  the  minnte  blaek  partleles  iljrnKKl. 

A  small  amount  of  lard,  disscilvi^l  in  a  mixture  of  e<jnal  paits  of 
alcohol  and  strong  ether  in  a  test-tube  an4l  altuweil  to  stand  in  a  e<x>l 
pkc«.%  willj  when  the  solvent  in  lai^c  part  is  evajXirattMj,  show  raass^s 
uf  ervstalH,  wbieh,  ou  examination  under  the  microscope,  are  seen  to  be 
rhombie  and  extremely  variable  in  size*  Beef  stearin,  siinihu'ly  treated, 
allows  iau-shajHsl  and  *hnHbbel!-sh;ipe<l  clusters  of  uecHlle  crystals. 
Mixta  re?;  of  {aire  lanl  anrl  Ixef  stearin  wUl  show  both  forms  of  crys- 
tals. Sometime.s,  when  er^rstallizjition  proceeds  rapidly,  the  crystals 
fnmi  [>ure  lard  an*  extremely  small,  and  are  ehisteretl  in  such  a  way  as 
to  he  distiji|riiislHil  from  beef  stearin  crystals  cady  with  i:^reat  ditHculty, 
It  is  essential  that  the  en  stall  i>:infr  process  sliail  pnH'etnl  slowly,  aud 
that  the  amonnt  of  lard  diss<ilvt^I  in  hall'  a  tcst*tube  of  the  solvent 
shall  be  quite  graall — not  larger  than  a  large  pea.  The  mouth  of  the 
test-tube  should  be  stopped  with  cotton. 


Section  3.     MILK   AND   MILK   PRODUCTS. 
MILK. 
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Milk  is  a  flolntion  of  supir,  mineral  matter,  and  proteids,  with  other 
proteids  and  fat  in  snsjK'Usion.  Its  com|¥>,-!ti*m  is  very  variable,  not 
alone  as  betwet^n  different  sjteeies  of  mammalia  by  which  it  is  jjroilnet^K 
but  as  Ix^tvvtx-u  ditftT<'nt  individuals  of  the  same  sj>eeies.  Of  the 
doniestie  animals,  the  ass  aud  mare  produce  milk  whi(»h  most  close-ly 
ap|>roxiniates  that  of  wom;ui  in  com  position,  biU  our  vhu4'  interest  in 
milk  as  an  article  of  ivod  in  general  use  lies  in  that  pnKlneed  by  cows 
aud,  to  a  ciMlain  extent,  in  that  of  (nn\t<^  which  is  very  similar  in  crnn- 
pisition.  While  the  coiTJ|wisitiiHi  of  milk  of  other  animals  than  those 
alre{idy  mentioned  can  have  for  most  of  ns  merely  a  srientilie  interest, 
it  may  be  of  some  practienl  utility  in  the  management  of  breiist-nsilk 
to  bear  in  mind  that  the  milk  of  animals  wbc»se  diet  is  largely  or  chiefly 
metit  is  richest  in  th(*sc  eleuieuts,  the  prtiteids,  thsit  are  most  commonly 
at  the  bo! turn  of  dii^estive  tlisturbauct^s  in  breust-fcfl  cluldnm, 

Compositioii  of  Cows'  Milk, — The  eompositiuu  of  milk  of  average 
gt>od  quality  may  be  expressal  tairly  in  n*nml  numbers  as  follows  : 


MILK.  sa 

Fat 4.00 

Sugar 5.00 

ProteidH 3.30 

Mineral  matter 0.70 

Total  solidM 13.00 

Water 87.00 

-  100.00 

Acconling  to  Vieth,  the  average  compo-sition  of  more  than  120,000 
samples  analyzed  in  England  was : 

Fat 4.10 

Solidf*  not  fat _8^ 

Total  «oliclK 12.90 

Water 87.10 

100.00 

The  average  of  a  large  number  of  analyses  made  in  this  country 
showed  :  * 

Fat 4.00 

SuRar 4.95 

Pn>teidH 3.30 

Mineral  matter 075 

Total  HolidH 13~00 

Water 87.00 

100.06 

The  milk  yielded  by  426  c»o\v8  from  private  farms  in  Massachusetts, 
and  by  1  To  more  belonging  to  public  institutions,  was  analyzed  by  the 
author  and  his  associates,  and  found  to  give  the  following  results  :* 

4*2t>  cows  from  private  farms,  total  solids 13.36 

175  cows  from  public  institutions,  total  solids  .        13.00 

r»01  cows  (both  classes),  total  solids 13.26 

Fat. — The  fat  of  milk  exists  in  very  niimite  globules  which  vary 
wi<lely  in  size,  the  largest  lx*ing  between  six  and  siiven  times  larger 
than  the  smallest,  i)ut  the  latter  are  most  ai)uiidant.  Whether  or  not 
they  have  an  albimiinous  envelo|H%  is  a  matter  of  doubt,  the  evidence 
for  and  agsiinst  lK»ing  alx)ut  e<|ual,  and  of  no  great  imjM>rtan('e. 

It  Cfuisists  of  glyeerides  of  ten  different  fatty  acids,  five  of  which 
IxJcmg  to  th<»  n(m-volatile  and  five  to  the  volatile  class.  The  glycendes 
of  the  former  group  constitut<'  i)v  far  the  greiiter  part.  They  are 
stearin,  |)almitin,  olein,  myristin,  and  butin  ;  the  two  last  are  present 
in  very  minute  amounts.  Those  of  the  latter  group  give  the  character- 
istic butter  flavor.  They  are  i)utyrin,  ca|)roin,  caprylin,  ca])rin,  and 
laurin  ;  the  two  first  are  the  im|M)rt4nit  ones,  and  together  amount  to 
<iver  7  |)er  cent,  of  the  whol<»  fat ;  the  three  others  are  present  in  but 
insignificant  traces. 

'  American  Exfieriment  Station  Rcconi,  V.,  No.  10. 

'The  dc*tailecl  anah'ses,  with  datji  as  to  brcc<i,  nature,  ami  amount  of  feed,  etc.,  can 
he  found  in  the  pamphlet  iHKne<l  by  the  Stale  lioard  of  Health:  liesults  of  In({uirie8 
Relative  to  the  Quality  of  Milk  as  Pn»duce<l  in  Massachusetts.    Boston  :  February,  1887. 
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The  fat,  being  the  lightest  part  of  niilk,  tends  to  rise  to  the  sur&oe 
when  the  milk  is  allowed  to  stand,  and  then  fonns  a  layer  which  we 
know  as  cream.  This  contains  not  fat  alone,  but  all  of  the  constituents 
of  the  milk,  and  is,  therefore,  simply  milk  containing  an  excessive 
amount  of  fat. 

It  is  a  common  error  to  reganl  the  depth  of  the  cream  layer  which 
forms  on  standing  a  given  length  of  time  as  an  mfallible  measure  of 
the  richness  of  the  milk  by  which  it  is  yielded ;  but  cream  does  not 
always  rise  well  in  rich  milk,  even  after  standing  more  than  twent)'- 
four  hours.  The  author  re|>eatedly  has  found  the  percentage  of  cream 
thrown  up  by  a  sixjcimen  of  milk  in  a  100  cc.  graduate  in  twenty-four 
hours,  as  measured  by  the  lines  of  graduation,  to  be  less  than  the  actual 
percentage  of  fat  as  shown  by  analysis.  The  rapidity  with  which  the  fiit 
finds  its  way  to  the  surfa(;e  depends  krgely  upi>n  the  size  of  the  fat 
globules.  The  largest  risi»  first,  and  the  very  smallest  may  not  rise  at 
all.  Again,  a  watered  milk  throws  up  its  fat  more  quickly  than  a 
normal  specimen,  although  it  does  not  contain  as  much.  It  appears, 
therefore,  that  a  milk  of  inferior  grade  may  under  some  circumstances 
show  a  deeiwr  cream  layer  than  a  milk  of  unusual  richness.  GeneraUy 
sj)eaking,  however,  a  rich  milk  will  usually  show  its  quality  on  standing. 

The  first  part  of  a  milking  is  always  |)oor  in  fat,  the  middle  portion 
contains  about  the  average  amount  of  the  whole,  and  the  last  portion  is 
always  the  richest.  The  first  ])ortion  is  known  as  "  fore-milk,"  the  last 
as  *<  strippiugs.''  A  specimen  of  ^*  strippmgs,"  analyzed  by  the  author, 
gave  the  following  results : 

Fat 9.82 

Sug-ar 4.00 

Pmtoicls 4.21 

Ash 0.79 

Tuuil  solids 18.82 

Water 81.18 

100.00 

Milk-sugar. — Lactose  or  sugar  of  milk,  is  peculiar  to  milk.  It  is 
much  less  soluble  in  water  than  dextrose  and  sucrose.  Heated  to 
100°-l.*n°  (\,  it  becomes  changed  in  color  to  brownish,  and  at  higher 
tem|)eratnres  loses  water  of  crvstillization  and  undergoes  further  change. 
At  17')°  (\,  lactocaniniel  is  formeil.  When  heated  in  solution,  in  milk 
itself,  for  exanj])le,  it  begins  to  undergo  decomposition  changes  at  70*^ 
C  and  above.  Through  the  action  of  tlie  lactic  ferments,  it  gives  rise 
to  lactic  acid.      In  the  j)olariscojK',  it  is  dcxtrorotarv. 

Proteids. — The  gixatcr  part  of  tlie  j)roteids  of  milk,  about  80  per 
cent.,  is  casein,  or,  as  it  is  called  sometimes,  caseinogen.  It  contains 
lx)th  sulphur  and  j)hos|)horus,  and  is  in  intimate  (Combination  with  ad- 
cium  phos|)hate.  It  is  not  coagnlate<l  by  heat,  but  is  precipitated  by 
acids,  by  which  the  combination  is  l)rokrn  up.  In  the  presence  of 
lactic  acid  in  snjall  amounts,  due  to  the  breaking  up  of  liictose,  coagu- 
lation is  hastiMied  by  the  a])pIication  of  gentle  heat.     This  phenomenon 
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is  observed  very  commonly  in  the  c^iise  of  milk  which  to  the  taste  is 
apparently  sweet,  but  which  is  "just  on  the  turn/' 

The  chief  part  of  the  remainder  of  the  proteids  is  lactalbumin.  This 
e  ooagukted  by  heating  to  65°-73°  C,  but  not  by  dilute  acids.  It 
oontains  sulphur,  but  no  phosphorus.  In  amount  it  ranges  from  0.2 
'  U>  0.8  per  cent.  It  is  much  more  abundant  in  colostrum.  The  re- 
maining proteids  are  lactoglobulin,  which  is  coagulated  by  heat ;  lacto- 
protein,  coagulable  by  neither  heat  uor  dilute  acids,  and  fibrin.  Each 
exists  in  but  very  small  amount^. 

ICneral  Matter. — The  mineral  matter  contained  in  milk  consists  of 
phosphates  and  chlorides  of  pota^ssiuui,  s<KHum,  calcium,  and  magnesium, 
and  extremely  minute  traces  of  in.)n.  Of  the  bases,  potassium  is  the 
most  abundant,  with  adcium,  sodium,  and  magnesium  in  the  order 
given.  The  phosphates  predominate  over  the  ('hlorides.  Part  of  the 
calcium  exists  in  combination  as  phosphate  with  the  casein,  and  the 
rest,  according  to  Danilewsky.*  as  mono-  and  tricaleium  phosphate  and 
in  combination  with  citric  acid.  Part  of  the  magnesium,  also,  exists  in 
combination  with  citric  and  other  organic  acids.  In  very  small 
amounts^  these  are  normal  constituents  of  milk  of  various  animals.  In 
haman  milk,  citric  acid  is  present  to  the  extent  of  about  0.05  per  cent., 
and  in  cows'  milk,  it  is  about  three  times  as  abundant. 

Specific  Gravity. — ^The  specific  gravity  of  cows'  milk  of  normal  com- 
pomtion  ranges  from  1.029  to  1.034.  It  incrc»ases  very  slightly  for 
about  five  hours  after  the  milk  is  drawn,  and  then  l)ecomes  stationary. 
The  increase  is  believed  to  be  due  to  molecular  modification  of  the 
casein,  and  not  to  the  escape  of  gases.  It  is  lowered  by  fat  and  water, 
and  by  the  presence  of  bubbles  of  air,  and  is  raised  by  removal  of  cream. 

Reaction. — When  freshly  drawn,  milk  shows  the  so-called  amphoteric 
reaction  ;  that  is,  it  is  acid  to  litmus  and  alkaline  to  turmeric.  The 
alkaline  reactiim  is  intensified  on  warming,  but  the  acnd  reaction  is  not 
influenced  thereby.  On  standing,  the  alkaline  reaction  is  overcome 
by  the  lactic  acid  which  is  formed  gradually  from  the  sugar,  and  the 
acid  reaction  is  increased  in  (X^nsecjuence  of  the  ^\mo.  The  original 
acid  reaction  is  due  to  the  presence  of  phosphates,  the  alkaline  to  alka- 
line carbonates.  Human  milk  is  normally  alkaline,  and  that  of  car- 
nivora  is  acid. 

Appearance. — ^The  appesirance  of  normal  milk  is  too  familiar  to  need 
description ;  but  under  certain  rare  abnormal  conditions,  milk  may 
assume  diiFert»nt  colors,  including  blue,  yellow,  violent,  and  red.  Those 
changes  of  <'olor  are  due  to  the  a(":tion  of  certain  bactcriji,  and  are  always 
evidence  of  unsanitary  conditions  to  which  the  milk  is  ex])os<Kl  at  the. 
ibirj'  or  during  distribution  and  storage*. 

Blue  milk  is  due  to  the  action  of  B,  cyanof/rucx^  which  produces  a 
blue  color  in  no  other  focnl  material.  For  its  development  it  recjuires 
the  presence  of  lactic  ferments,  and,  tlieref<»re,  has  no  cffcH't  on  milk 
that  is  sterile.  Another  organism  (sipable  of  pro<lucing  the  siune  effect 
is  B.  cyaneofiiiorescen^, 

'  Wratsch,  1901,  p.  .549. 
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A  red  color  may  be  caused  by  B.  prodigiosus  or  B,  lactis  erythnh 
genes,  sometimes  by  blood,  and,  it  is  said,  by  madder  and  other  red 
coloring-matter  in  the  feed.  Yellow  is  caused  by  Jff.  synxanthus,  and 
violet  by  B.  violaceun. 

All  of  these  abnormal  milks  are,  aside  from  their  uninviting  appear- 
ance, unfit  for  food,  since  they  are  likely  to  cause  gastro-intestinal  irri- 
tation. Thus  Eichert  ^  records  a  case  of  severe  diarrhoea,  with  ven- 
<)ifensive  stools,  in  a  child  of  nine  montlis,  which  was  due  to  red  milk 
<»iused  by  a  bacillus  (pn)bably  B.  lactis  erythrogenes)  present  in  the  milk 
ducts  at  the  time  of  milking. 

Another  abnormal  condition  caused  by  a  large  variety  of  organisms 
is  characterized  by  alteration  of  the  natural  consistence  to  one  of 
i^liminess,  which  appears  only  some  hours  after  the  milk  is  dra^iii. 
Slimy  or  "ropy"  milk  throws  up  no  crdam,  and  cannot  be  churned, 
but  although  it  Ls  most  repugnant  to  the  senses,  it  causes  no  digestive 
disturbances  if  ingested.  In  three  sj^ecimens  of  ropy  milk  from  as 
many  different  creameries  in  the  State  of  Xew  York,  Ward'  found  the 
change  due  to  B.  lactis  viseosus  ( Adametz). 

Taste. — ^The  flavor  of  milk  is  m<Klified  very  sensibly  by  the  char- 
acter of  the  feed  and  by  the  absorption  of  gases  and  volatile  matters  of 
all  kinds.  It  is  affected  very  readily  by  turnips,  garlic,  M-ild  onion, 
mouldy  hay  and  grain,  distillery  swill,  and  damaged,  rotten  ensilage. 

Bitterness  of  taste  may  be  due  either  to  some  constituent  of  the  feed 
or  to  bacteria.  When  due  to  feed,  the  taste  is  bitter  fn)m  the  very 
first,  but  when  cause<l  by  bacterial  agency  it  develops  some  time  after 
milking,  when  the  organisms  which  pi-oduce  it  have  had  the  opportu- 
nity to  act  ujx)n  the  proteids  or  whatever  constituent  may  be  concenied. 
It  may  be  due  also  to  inflammatory  c<^>nditions  of  the  udder,  in  which 
case  it  may  or  may  not  be  noticciible  when  the  milk  is  freshly  drawn. 
The  bacteria  concerned  in  prcxlucing  bitterness  may  exist  in  the  ducts 
of  the  teats,  or  may  come  from  stable  filth.  Damman^  mentions  a 
cjise  in  which  the  |)ersistently  bitter  taste  disap{)eared  after  the  flcwr 
of  the  stable  was  cleaned  and  (lisinfe<»ted,  and  the  ducts  of  the  teats 
syringed  out  with  disinfectant  solution.  Strong-smelling  disinfectants 
may  not  be  us(h1  in  dairies  l)ecjuiso  of  the  readiness  with  which  milk 
absorbs  (nlors.  This  absorptive  cn])a<*ity  is  so  well  recognized  that  milk 
is  stored  commonly  in  separate*  c'(>ni])artments  of  refrigerators,  away 
from  foods  which  evolve  distinct  odors. 

Presence  of  Alcohol. — Distiller}*  swill  not  only  causes  a  decidedly 
bad  flavor,  but  may,  in  achlition,  and  conlnirv  to  a  generally  accepter! 
idcji,  cause  an  alcoholic  milk.  Thus,  acconling  to  H.  W.  Weller,*  a 
sample  of  milk  dcrivcHl  from  cows  fcMl  on  distiller^'  refuse  containing 
5.90  jx'r  cent,  of  alcohol  yiehlcd  in  achlition  to  a  high  proi)ortion  of 
milk  solids,  O.OG  i>or  cent.  l)y  weitrht  of  alcohol.     The  milk  was  com- 

*Zeitsc'lirift  fiir  Fleisch-  und  Milchhvgiene  VIII.,  No.  5. 
»  Science,  1^)01,  No.  ;V22,  j..  .S'24. 

•  Deutsche  thienirztlichc  Wochenschrift,  1897,  No.  1. 

*  Forschungsberichte  uIkm*  Ix*>)ensiniittol,  etc.,  1897,  p.  206. 
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lined  of  on  arcfmot  of  an  iini>lt'a,stiit  aiter-ta8te,  Ti'k-bert^  rtrords 
c»tse  in  which  t-alves  and  lambs  fiiileil  tn  thrive,  and  many  died  from 
a  form  of  diarrliiva.  Tlio  niothi^is  wore  feci  nn  tiistillerv  waste,  aiul 
\  ieldeil  milk  amtaiiiinjic  alrohtil.  That  alcuihcjl  «ir  something  coniiui-tetl 
tTt-with  may  be  elLniinnU'cl  in  milk,  i.s  shown  by  nunierons  eajst^s, 
inning  whicli  are  the  fullc»winjy:i  Vallin'  re^'onls  that  a  nursing  infant 
waj§  Hcizcxl  with  <*(»nvnlsif»ns  with  ijreat  rej^nlarity  on  Mnntlays  and 
riiiirsflavs,  bnt  was  «|nite  will  on  \y\\\vv  daVs.  Inve^stigsttirjn  *showetl 
lut  the  wet-nurse  r>n  Sundays  and  Wt^hiesdays,  her  "<lay.^  nut/'  was 
in  tJie  habit  of  drinking  freely  of  aknilKjlies.  The  eurtailment  of  the 
privilege  wa.*^  fiillowefl  by  disa|i{jearan(*e  of  the  ditlienlty.  Fai'ez^  <'iteti 
2  vski*c^  which  show  the  bad  influeiiee  t>l'  alcohol  on  nursing  ehihlixni. 
In  one,  the  wet-nni-se  drank  wini'  at  nn-als,  and  espeeially  in  the  even- 
ing, and  the  ehild  never  eeased  frettin*^,  ery ing,  and  seremning  fmni  9 
n'ehnHt  imril  IK  The  ntir>*e  eomplained  bitterly  of  the  nauglitiue.*4s  of 
the  child,  and  wa.^  grieved  at  the  sii^<restit)n  tliat  she  was  herself  nt 
fault  throu^di  drinkin*r  too  mueh,  bnt  she  was  indneiNl  to  abstain  fmni 
alcohol  entirely,  an<l  l'n>ni  that  time  then:*  was  no  I'nrther  trouble.  In 
tic  other  inse,  the  inoiher  drank  tea  at  niK>n  antl  wine  at  dinner,  and 
be  chihl  was  quiet  during  I  lie  afterniKin,  l>ut  sereamed  and  fretted  all 
lio  evening  and  until  mitl night*  A  change  to  wine  at  noim  and  tea 
dinner  produced  a  ciirres|>ondiiig  c^bange  in  the  iH-havior  of  the 
lild,  the  turlndent  |H«nod  iHX'uning  in  the  ai'ternocm.  Wlii^n  the 
fiothcr  eliminateHl  wine  from  her  dietary  entirely,  tiie  tnnible  cesised. 

Colostrum. — The   milk   seen^eil   before   and    in    the  early  stage  of 

ictatioii  Is  kiif»\vn  as  eolostrnni.      It  is  a  yellow,  sumrwhat  viscid  fluid 

strong  <Klor  and   atid  riiietinu.      In  eom|>ositiou,  it  differs  very  ma- 

priully  from   ndlk,  [»artieularly  in   its  percentag**  i»f  proteids.      It  con- 

liiiss  N>nictimcs,  sii  larg<*  a  [K*recntagc  of  lactalbmnin  and  lactoglobnlin 

it  it  18  eoagnlatt>d  by  boiling.      Its  I'^Mitent  of  easi*in  is  about  iiormal, 

lit  it  is  ntit  coagnlatcil  l»y  rennet^  or  at  most  imperfectly.    In  the  early 

age^^  its  sugar  is  ciextrose  and   not   lactose.     Aecinding  to  Tii-inaim,* 

mngt^s  in  specific  gravity  from   l.rriiMI  to  1. 0.394,  in  iht  fmm  *),5(j 

9/2H,  in  proteids  from  4.(J«>  to  2L7H,  in  ash  from  0.H2  to  L25,  and 

total  8olids  from  12.9.1  tt>  32.f*;>.      Fnder  the  inicros<'<»pc,  it  shows 

irge  corpuscles,  knnwn  as  cnhisti^um  corpusc*les,  which  disappear  within 

ko  wet*ks  at  most  after  tlie  time  of  (^living. 

Changes  Produced  in  Milk  by  Boiling. — Boiling  causes  greater 
►alcsceneo  of  the  fat   globules,  cbangi's  in  tlie  character  of  the  sugar, 
wigiihition   «d'  lactalbumin,  and  th'structiitn    of  micro-oi*ganisms   an*l 
ments.     BoiUmI  milk,  iberefiire,  will  keep  hettt  r  than  niw  ndlk.     The 
whidi   fonns  on   th(»  surfatr   is   largely  tiit,  casein,  and  lactalbu- 
min, and  oocnirs   in  eonscfpiciiee  of  n»pi<l   cvat»onition   at   that   point, 
r>iled   milk   is  digested  slightly  less  readily  than   raw  nnlk,  and  isotir 

»  MllHi  7jeiUin^  VMM,  p.  UK 

^  keviie  crHvffi.>iic,  iHtm,  p.  953. 

*  Trilmne  nf^iijL-art,  >hme  2i\  19CMJ.  p.  488. 

*35eit»chrUi  fur  pliy.Hiulugistlic  Clmiiiie,  1898,  p.  363. 


milk  is  digested  more  readily  thiin  vlthvr  ;  Unt  liuilt^I  milk,  a^  will  be 
noted  later  (see  jmge  1^2),  is  not  always  a  de-simble  f«M>d  im  young^ 
infants,  im  aemmit  of  its  ehangel  character.  The  qnestion  wliether  or 
not  a  ^iven  milk  has  Iw-en  htjiUnl  may  reatlily  l>e  ileterniiiie<l  by  the 
ajipliriiliun  oi  sini|ile  fe.sts  (si-e  Analysis  of  Jlilk). 

Changes  Due  to  Bacterial  Action.^ — At  onlinary  temjR'nituit»s, 
milk  smm  begins  to  nmlergo  ehangei^  iiiitiateiJ  and  carried  along  by 
various  species  of  micro -organ  is  nLs  which  exist  in  the  dnets  of  the  teats 
or  fall  into  the  ])ail  iVoni  the  ixternid  snrftiec  oi  the  adder  or  surrunnd- 
ing  pnrts,  or  from  the  air,  or  inmi  tfic  hands  ami  clothes  of  tht*  milker, 
or  which  are  alrt^ady  prcH'nt  in  the  j>ail  i)V  other  vessel  into  which  the 
milk  is  reeeivtHi.  The  mo^t  L»ommon  change  is  brought  about  by  tlie 
lactic  ferments,  of  which  more  than  ji  Inindred  sjMH'ics  have  already 
bc*^n  idt^ntitieil.  They  attark  the  milk-sugar  and  caiisi"  tlie  lormatiiin 
<if  lactic  aeitl,  which,  on  accnnndating  in  ^nflicient  amount,  cao&eji  the 
milk  to  euixlle.  Their  mnltiplieatiori  procuc*ls  most  rapidly  at  tern- 
|»cmtnres  mngiug  from  25*^  to  30°  C  Theretbre,  in  «*rder  to  inliibit 
their  action  as  fiir  as  |M»SNibh%  milk  should  \w  cmded  without  delay  and 
kcjit  in  stonige  at  low  teinpenitnrc.  In  adiiiti(»n  to  the  luetic  fennents, 
tlicre  are  others  w  hich  arc  known  as  caM-in  ferments.  These  prtKluce 
a  substance  much  like  rennet  in  its  artion.  Ttiey  may  act  in  the  ab- 
sence of  the  lactic  ferments,  and  then  th<"ir  action  is  ae(H>ni|tauied  l>y 
the  development  of  alkalinity. 

tender  certain  conditions,  it)  aildition  to  changes  in  taste,  color,  and 
consistency  idi'eady  notcHl,  intcnsi'ly  jioisonous  benzene  derivatives  art* 
formed,  the  most  important  oi'  which,  diazobenzcnc,  called  by  itis  dit-- 
eovtTcr,  Professor  V»  (\  Vanglian,  tyrotoxieon,  is  tlie  exciting  cause 
of  the  tmin  <if  symjitoms  eomnifinly  known  as  milk  iwusoning,  cheeK* 
poisonings  and  iee-crcani  iKiisojung. 

A  number  of  other  oiiganisms  eonstitnte  the  group  of  so-ealled  butyric 
ferments,  many  of  which  are  of  the  class  of  t^xsein  ferments.  They 
canse  the  |>nwhirtion  of  butyric*  acid   in  the  dceomposition  fif  pri*tcids. 

In  crmstH|ncnce  of  the  action  of  the  various  sjr^cmcs  of  orgsuiisms,  it 
is  imjiortant  that  bacteria  in  general  should  be  exclude*!  as  completely 
B»  (>ossible  from  milk  by  the  observanw  of  the  utmost  eletudinefts  in 
milking,  liandling,  a  nil  storing.  The  milk  tA'  cows  stalled  in  badly 
ventilated,  unc^lesui  stables,  and  c*f  eows  with  unclean  udders,  will  decom- 
pise  much  more  nipi*lly  than  that  of  (m>ws  kept  under  Ix^tter  mnitaiy 
conditions.  Even  when  the  <'ow  and  her  snrrcannlings  arc  kept  in  a 
cleanly  state,  the  ver\'  tii'st  part  of  a  milking  shonltl  be  rejected,  on 
act!ount  of  the  very  large  nnnd>ers  ot"  l>aeteria  ])n\sent  in  the  ducts  of 
the  teats.  Under  even  tin'  liest  of  eondilions,  ninny  bacteria  aiT  prcj^ent 
in  freshly  dniwn  milk,  and  thest*  incrt^ise  rapidly  in  number  unless^ 
killed  by  the  aetioti  of  lieat  or  other  gcrmi<'id(*s.  Indeed,  it  has  been 
found  impossil>lc  in  the  niaj<^rity  of  experiments  to  olitain  sterile  milk 
even  when  the  grmtest  preeantions  liavc  been  obser^'Hl  to  exelndt* 
extrane<ajs  orgJi n  Ism  s , 

The  first  part  of  a  milking  is  riehest  in  bacteria,  because  those  which 
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have  multiplied  within  the  ducts  of  the  teats  since  the  previous  milking 
are  expelled  mostly  with  the  fore-milk,  but  even  the  very  last  portions 
of  the  strippings  may  contain  as  many  as  500  bacteria  per  ce.  Thu.s, 
Sehultz'  found  in  the  first  portions  of  cows'  milk  97,240  per  cc.,  in 
the  strippings  500,  and  in  goats'  milk  78,718  and  665.  For  the  attain- 
ment of  the  best  results  as  to  kcc^ping  qualities,  all  dirt  should  be 
briLshed  from  the  cow  before  milking,  and  the  udder  and  flank  should 
be  dampened,  in  order  tliat  dust,  fine  dirt,  and  bacteria  may  be  retained 
m  HitUy  and  not  fall  into  the  milk-pail,  which  should  always  be  perfectly 
clean  before  use. 

The  difference  in  the  numlnir  of  bacteria  which  fall  into  milk  when 
proper  precautions  are  observed  and  when  they  are  neglected  is  very 
con^sidcmble.  Thus,  Soxhlet  found  that  the  milk  of  a  cow  with  a  dirty 
udder,  stalled  in  a  dirty  stable,  kept  sweet  50  hours  at  onlinary  tem- 
perature, and  that,  when  her  udder  was  washed  and  she  was  milked  in 
the  open  air,  it  remained  sweet  a  day  and  a  half  hmger.  Still  more 
instructive  are  the  results  obtained  by  Freeman,^  who  exposed  plates, 
3.5  inches  in  diameter,  for  two  minutes  as  follows :  one  in  the  open 
air,  one  inside  a  bam,  and  a  third  in  front  of  the  milk  pail  under  a 
cow  in  the  same  bam  while  being  milked.  The  first  plate  showed  6, 
the  second  111,  and  the  third  1,800  colonies.  Such  a  number  of  bac- 
teria, falling  upon  so  small  a  surfiice  within  so  short  a  time,  is  an 
index  of  the  enormous  number  which  may  fall  into  a  pail  during 
the  time  required  for  a  complete  milking. 

The  enormous  number  of  bacteria  which  may  be  commonly  present 
in  ordinary  market  milk,  the  great  influence  thereon  of  non-observance 
of  the  strictest  cleanliness,  and  the  extreme  rapidity  of  multiplication 
under  favoring  conditions,  are  shown  in  most  striking  manner  by 
W.  H.  Park,*  who  exposes  the  inexcusable  lack  of  cleanliness  in  the 
methods  of  procuring  milk,  and  of  care  in  cooling,  and  in  keeping  it 
during  transportation  to  the  city.  Milk  from  individual  cows,  wliere 
every  reasonable  means  was  taken  to  insure  cleanliness,  yielded  an  aver- 
age of  6,000  bacteria  per  cc.  when  5  hours  old,  and  kept  at  45°  F.,  to 
which  temperature  it  was  cooled  soon  after  it  was  drawn.  After  24 
hours,  the  average  number  fell  to  1,983 ;  after  48,  it  increased  to  17,816. 
Milk  taken  in  winter  in  well-ventilat<Hl,  fairly  clcjui,  but  dusty,  barns, 
and  cooled  within  2  hours  to  45°  F.,  tlie  visible  dirt  having  been 
cleaned  off  the  hair  about  the  udder,  the  milkers'  hands  wi|)ed  off,  Init 
not  washed,  the  pails  and  cans  clean,  but  the  straining  cloths  dusty, 
yielded  the  following  average  figures:  At  time  of  milking,  15,500; 
after  24  hours,  21,666;  after  48  hours,  76,000.  Milk  taken  from 
cows  kept  in  onlinary  barns,  the  conditions  jis  to  clwmliness  of  sur- 
roundings and  method  of  milking  being  about  what  obtain  on  the  aver- 
age farm,  yielded  the  following  avenij::e  figures : 

*  Archiv  fiir  IIvKiene,  XIV.,  p.  2()0. 
•Medical  Reconl,  MaR'h  8,  1S<K). 
•Journal  of  Hyi^iene,  July,  11H)1,  p.  391. 
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Winter.  Summer. 

Shortly  after  milking 16,650  30,366 

After  24  hours 31,000  48,000 

After  48  houre 210,000  680,000 

Twenty  samples  of  average  milk  tiikeu  immediately  on  arrival  in 
the  city,  much  of  it  having  been  transj)orted  more  than  200  mile^ 
yielded  from  52,000  to  35,200,000  bacteria  per  cc.  (average,  5,669,- 
850).  The  average  tem{)erature  of  the  samples  when  taken  from  the 
cjinf<  was  45°  F.  Milk  as  sold  in  the  shops  during  the  morning  hours 
yielded  the  following  averages : 

From  tenement  district8,  mid-winter  (13  samples)  .    .    .    .    1,977,692 
From  well-to-do        "  "  (10        **)....       327,500 

From  tenement        "        September  (5        "       )  .    .    .    .  15,163,600 
From  well-to^o        "  "  (  5        "       )  .    .    .    .    1,061,400 

Concerning  the  influence  of  temperature  upon  the  rapidity  of  bacte- 
rial multiplicjition  in  milk,  it  is  noted  that  milk  which  is  rapidly  and 
sufficiently  cooled  keeps  almost  unaltered  for  36  hours,  while  if  insuflS- 
oiently  cooled,  it  deteriorates  rapidly.  The  majority  of  milk  bacteria 
grow  lx»st  at  temperatures  above  70°  F.,  but  two-thuxis  of  the  species 
isolated  will  develop  good  growth  at  39°  F.  at  the  end  of  7  days. 
They  increase  slowly  after  the  germicidal  proj>erties  of  the  milk  have 
disappeared,  and  when  the  organisms  have  become  accustomed  to  the 
low  temperatures. 

The  influence  of  different  temperatures  on  the  rapidity  of  bacterial 
midtipliciition  is  w^ell  shown  by  the  results  obtained  on  allowing  por- 
tions of  the  siime  sfHjcimen  to  stand  under  otherwise  similar  conditions. 
At  tem])eratures  l)elow  50°  F.,  there  was  at  the  end  of  24  hours  no  in- 
crease— in  fact,  a  decrease — in  the  number  of  bacteria ;  but  at  higher 
temperatures,  the  multiplication  was  enormous.  The  original  number 
per  ce.  was  3000,  and  the  growths  at  the  several  temj>eratures  above 
55°  F.  were  as  follows  at  the  end  of  24  and  48  hours: 


Temperature. 

24  hours. 

48  hours. 

60°  F., 

68° 
8H° 
94° 

180,0(K.) 

450,000 

1,400,000,000 

25,000,000,000 

28,000,000 
25,000,000,000 

Milk  of  fair  quality  from  a  shoj)  was  kept  at  90°  F.  for  8  hours, 
during  which  time  its  contained  bacteria  incrcuised  from  92,000  to 
6,800,000  i>er  cc. ;  another,  of  |)oor  quality,  under  the  same  conditions, 
showed  an  increa.se  from  2,000,000  to  124,000,000. 

Such  growths  of  l)acteria  in  milk  intenclo<l  for  human  use  can  in  no 
way  improve  the  milk,  but  must  seriously  aff'ect  it*<  wholesomeness. 
To  avoid  them,  the  means  are  simple :  cleiinliness  even- where  and  low 
temjieratures ;  cleanliness  of  the  cows'  exterior,  of  the  stiible,  of  the 
milkers  and  their  clothing,  of  all  v(»ssels  employed — milk  pails,  pans, 
bottles,  etc. — and  of  the  pla(*es  where  the  milk  is  stored. 
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FreBervation  of  Milk. — ^The  keeping  quality  of  milk  is  influenced 
by  cold,  which  retards  the  growth  and  multiplication  of  bacteria  which 
bring  about  decomposition  ;  by  heat,  which  destroys  them  ;  and  by  j)re- 
aerv'atives,  which  either  kill  them  or  retard  their  growth.  Preservation 
by  cold  is  in  many  respects  preferable  to  either  of  the  other  methods. 
The  constituents  are  in  no  way  altered  in  character,  there  is  no  change 
in  digestibility,  and  no  element  is  intnnluced  into  the  system  with  the 
milk  to  exert  any  harmful  influence  upon  the  digestive  processtvs.  In 
places  where  ice  is  expensive  or  not  obtainable,  this  method  is  not 
available,  but  where  it  is  cheap  and  plentiful,  it  is  the  one  in  most  com- 
mon use.  In  some  parts  of  Europe,  milk  is  frozen  into  solid  blocks  by 
the  ammonia  process,  and  shipped  in  that  form  ti)  market.  A  large 
jKirt  of  the  milk  supply  of  Copenhagen  is  received  from  a  distance  in 
lai^  air-tight  cans,  into  each  of  which  a  block  of  frozen  milk,  weighing 
about  2')  |)ounds,  is  placed,  to  keep  the  milk  in  which  it  floats  at  a  low 
temperature. 

Preservation  by  heat  includes  pasteurization  and  sterilization.  In 
pasteurization,  the  whole  bulk  of  the  milk  is  heated  to  not  over 
158®  F,,  maintained  at  that  temperature  for  10  or  15  minutes,  and 
then  cooled  rapidly  in  onler  to  preserve  the  fresh  flavor  and  prevent  the 
multiplication  of  such  of  the  bacteria  as  survive.  The  length  of  tim(» 
required  for  the  destruction  of  bacteria  varies  with  the  temperature 
i?m ployed.  Thus,  about  70  per  cent,  of  saprophytic  bacteria  are  killed 
in  an  hour  at  140°  F.,  in  15  minutes  at  150°,  in  10  minutes  at  158°, 
in  5  minutes  at  176°,  in  2  minutes  at  194°,  and  in  1  minute  at  203°. 
It  is  essential  that  all  apparatus  and  vessels  used  in  cooling  and  storing 
«hall  be  clean  and  sterile.  This  process  is  quite  sufficient  for  all  prac- 
tical purposes  and  hygienic  requirements,  unless  the  milk  is  to  be  kept 
for  a  longer  time  thjin  usual,  in  which  case  it  should  be  repeated  at 
the  end  of  24  hours.  Temperatures  higher  than  158°  F.  cause  the 
milk  to  acquire  a  cooked  flavor,  which  to  many  pers<ms  is  disjigree- 
able. 

According  to  H.  Bitter,*  all  pathogc»nic  bacteria  in  milk  are  killed 
with  absolute  certainty  by  exposure  to  154.4°  F.  for  a  half  hour,  and 
the  milk  is  altered  thereby  in  neither  appearance  nor  taste.  Under 
ordinary  circumstances  20  minutes*  exposure  is  quite  sufficient.  Some 
authorities  assert  that  temperatures  of  140°  to  147°  F.  arc  sufficiently 
high  for  the  purj>ost\  but  Professor  Th(M)i)akl  Smith  ^  has  shown  that, 
while  tubercle  bacilli  arc  destroyed  within  20  minutes  at  140°  F.,  the 
formation  of  a  surfa<*c  |K»llicle  into  which  they  arc  c^irricKl  i)y  fat 
globules  shields  them  from  the  heat,  so  that  they  may  survive  an 
exposure  of  over  an  hour  to  149°  F.  It  is  asserted  hy  Morg(»nroth  ^ 
that  at  least  30  minutes'  ex|>osurc  to  158°  F.  is  nei»cssarv  to  kill  all 
of  the  bacilli,  but  that  the  sjime  result  (»an  be  attained  at  a  much  lower 
temperature  (131°  F.)  in  3  hours'  heating  in  a  thermophore.      It  has 

*  ZeitHchrift  fiir  Ilvfjiene,  VIII.,  p.  240. 

'  Journal  of  ExperiniiMital  Medicine,  1S99,  p.  217. 

■  Hjgienische  RundHchau,  Sept.  15,  1900,  p.  865. 


been  asserted  ijlsi.  by  M,  Boi-k  '  that  1^)K^  F.»  and  even  176°  F.,  an- 
not  wuHi*'iontly  hi*jh,  even  when  nmintiniiwl  30  niiiiutas,  for  the  dastnic- 
tinn  »if  nil  the  tuhen-le  l)ut'illi  in  milk  intentiimally  infeeted.  He 
heali'tl  Mieh  tnilk  tVir  oM  iiuiiiite^  at  ln>tli  <>f'  the  uhdse  tenipe  rat  ores, 
ami  then  injet*ted  it  intu  I-"*  ^niiiirii-|)i^s,  all  of  wlueli  hetmme  tidn'reu- 
lous  after  o  to  H  weeks.  But  Levy  and  KnuLs,-  ailer  exjxn^inienting^ 
with  milk  enelo8e<I  in  flasks  plaeeiJ  in  a  water-hath »  fniiiid  ihat,  80  far 
as  the  tiilierele  harillus  is  eonreniwl,  niilk  is  steriliz*'d  after  lo  to  25 
iiiinutt»s'  exfMi>are  to  14S>°-15H^  F.  It  seems  pri>halj!e^  on  the  whoU% 
that  the  widely  divergent  resiilus  of  various  exi>tn*iiu(*nlei*s  have  heen 
due  to  dirtereiiees  in  manipnlatioji  and  in  physie^d  nimlitions. 

All  the  laetie  fenncnts  are  destn>yed  very  easily,  liat  senile  nt'  the 
ejisein  fiTinents  are  very  resistant,  and  their  >jM>res  still  nitire  so,  and 
HIT  not  killed  hy  Imirmg  IWr  a  nuniher  ai'  hours  ;  and  it  is  to  the  pres- 
eiiee  of  the4*e  Lartly  varieties  that  the  ditfienlty  of  complete  Hterilization 
is  ihie. 

Steriliziition  requires  eontinuons  hetiting  uiidtr  ]in*>sure  thr  ahont 
two  Imiirs  at  LMH"^'  F.,  at  whieli  temperature  mit  ahaie  the  haeteria  and 
their  sjHires  are  tk^^troyBl,  bnt  the  nnrnial  appearaiax^  and  tastf^  of  the 
milk  as  welk  Part  of  the  suj^ir  is  eoix verted  to  earainel^  part  of  tlit* 
(^tsi*iii  is  prei'ipitateil,  ami  the  milk  will  no  longer  form  a  cohejsive 
i^jagnhnn  with  n-niiet. 

In  t!ie  opinion  of  many  ivnietiticmers,  neither  pa^^tenrization  nor 
sterilization  Ls  five  from  objeetion  in  infant  feeding,  sinee  even  a  temper- 
ature of  ir)5'^  F,  intlut^ncvs  the  nntritive  vahie  injurionsly,  Many 
aises  of  M-nrlnitus  an* I  dys|H'psia  \n  infants  have  hem  attrihntixl  to  the 
use  of  sterilized  milk,  and  it  sei'Uis  pn^hahle  tliat  tlie  tronhle  is  e<«i- 
ntK^tfxl  with  the  d(»strui:*tion  of  the  zymases  normally  present,  Thex-- 
ferments,  the  presence  of  wliieh  was  annonnetM^I  in  liHX)  by  Eseherieh, 
liave  lK*en  studiiHl  hy  Spulvt^ini,^  who  is^tlated  no  less  than  s<.n*en,  two 
of  whii'h,  ]M"])siine  and  trypsinie,  are  present  always  in  liotlj  human  and 
eows-  milk;  the  others,  antyhilytie,  lipasic,  glyeoiytie,  ete*,  are  uui 
con8tant.  All  are  .soluble,  and  none  ean  Avithstand  the  fiteriliadug- 
temperature. 

To  avdid  the  untoward  i-esults  nf  the  use  of  >terilize<I  milk,  FrtH'- 
man  '  piY*[HPsi">  tliaf  tlie  erram  hv  alhiwul  tn  rise,  and  then  lie  n-mtive*! 
and  subjertrd  alone  tu  sterilizatiuu,  after  vvliieli  it  may  be  mixed  in 
pniper  pro^>ortion  with  the  skimnitHi  milk,  which  etmCains  only  a  very 
small  mnnber  of  ha<'teria,  since  alrnut  09  per  cent,  of  them  are  i^arried 
into  the  cream  layer  hy  the  lat  ixloladt^s. 

lV>i(*rvation  of  nnlk  by  the  addition  of  antise|>ties  is  unne(X'ssan% 
unjust ifial>k\  and  [Missihly  injurions.  H  milk  is  drawn  properly  fmm 
iU^-ently  clmn  animals  into  clwm  vessels  by  ek^n  miikei"8,  and  ^stored 
in  clean  |ilat*e^s^  it  will  keep  sweet  quite  as  long^  under  onlinarv  cirtuini- 

'  FieiirK^he  Vit  rtpljahrsw'hrift  fiir  titleiitlic  lie  tTeHiindheitJfpflejt^,  XXXII.  |>.  4^. 
Mivgieniwlif   ftniulHt'lmu,  July  15,  llMil,  p,  fjfill, 
*  Archives  tit-  Meik^'int-  dt^  Kfifants  iK-r.,  HHJL 
*AR'bivt»uf  F*^iiitru-.s,  AujLciiMt,  181HK 
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stances  and  under  the  usual  conditions  of  frequent  deliverj',  as  is  desired 
by  the  consumer.  The  addition  of  antiseptics,  which  only  retard 
growth  of  bacteria  without  destroying  them,  enables  the  vendor  to 
{■upply  stale  milk  instead  of  fresh,  and  to  (lisj)ense  with  part  of  the 
^sanitary  precautions  otherwise  necessary.  The  substances  used  are  by 
no  means  wholly  innocent  in  their  action  on  the  human  system,  even 
in  very  small  quantities  and,  moreover,  it  is  impossible  to  control  the 
amount  added  by  a  single  individual  or  to  be  sure  that  successive 
handlers  have  not  contributed  additional  doses.  The  substances  used 
as  milk  preservatives  are  boric  acid,  borax,  salicylic  acid,  formaldehyde, 
<airbonate  of  sodium,  and  chromates. 

Boric  acid  and  borax  are  used  generally  in  combination  with  each 
other,  experience  having  shown  that  the  mixture  is  more  efficient  than 
either  alone.  The  minimum  efficient  quantity  of  the  mixture  is  alxjut 
10  grains  to  the  quart,  an  amount  which  even  for  an  adult  may  well  be 
r^[arded  as  a  fairly  large  medicinal  dose.  In  addition  to  its  action  on 
the  general  system,  it  exerts  a  varjing  effiict  on  the  digestion  according 
to  the  amount  present.  According  to  Professor  R.  H.  Chittenden, 
borax  retards  the  amylolytic  action  of  sjdiva,  boric  acid  in  amounts  less 
than  1  per  cent,  favors  it,  and  both  increase  gastric  digestion  in  small 
amounts  and  retard  it  in  large. 

The  use  of  salicylic  acid  in  milk  is  not  extensive.  It  is  a  fairly 
efficient  preser\'ative.  Formaldehyde  has  come  into  use  within  a  few 
years.  It  is  a  most  efficient  preservative,  and  not  alone  inhibits  growth 
but  also  kills  the  bacteria.  According  to  tests  nmde  by  Dr.  C.  P. 
Worcester,*  1  part  of  commercial  formalin  in  100,000  of  milk  will 
postpone  the  curdling-point  6  hours ;  1  in  50,000,  24  hours ;  1  in  20,- 
000,  48  hours;  1  in  10,000,  138  hours;  1  in  5,000,  156  hours.  Al- 
though nothing  is  known  as  to  the  action  of  small  amounts  of  for- 
maldehyde on  the  general  system,  it  is  not  correct  to  assume  that,  in 
the  abfitmce  of  evidence  to  the  contrary,  it  is  necessarily  harmless  or 
l)eneficial.  While  the  occasional  ingestion  of  a  small  amount  of  for- 
maldehyde may  produce  no  effect,  we  cannot  reason  that  its  daily  use 
over  a  long  period  will  be  equally  non-pnxl active.  An  occasional 
drink  of  water  containing  lead  will  do  no  injur}',  while  its  daily  use* 
may  cause  lead  paralysis,  and  in  the  same  way  formaldehyde  may  lx» 
the  cause  of  si»rious  disturbances  attribut^Hl  to  something  else.  But 
whether  harmful  or  not,  the  use  of  this  agent  and  of  others  is  unntr- 
essary  and  unjustifiable.  Aside  from  its  possibly  poisonous  action, 
there  is  the  objection  that  it  alters  the  character  of  the  milk  prot(Mds; 
the  casein  becomes  uncoagulable  by  rennet,  except  in  thick  dot^,  and 
mu<*h  less  digestible,  or  wholly  indigestible,  by  the  proteolytic  ferments. 
Certain  it  is  that  anything  that  imposes  additional  burdens  on  th(* 
digestive  function  of  infants  and  invalids  can  hardly  Ik?  regardtnl  as  a 
proper  substance  for  use  in  food.     Annet,^  after  a  study  of  fornmldt^ 

*  Twentv-ninth  Annual  Report  of  the  State  Boai-d  of  Ilealtli  of  Massiirhiisi-tt.s,  181>7, 
p.  559. 

«Thc  Lancet,  Nov.  11,  18»9. 
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hyde  and  bone  acid  a.s  milk  presen-atives,  concludes  that  they  are  in- 
jurious, esspecially  lo  young  infants,  and  suggest^!  the  possibility  of  a 
cau^^il  relation  between  their  use  and  the  great  infant  mortality  during^ 
the  hot  months. 

Carbonate  of  sodium  is  a  weak  agent,  and  does  not  postpone  deoom- 
positi<»n  to  an  extent  sufficient  to  encourage  its  wide  adoption.  So  far 
as  is  known,  there  can  be  no  objection  to  its  use  on  the  score  of  injun*, 
except  in  so  lar  as  the  assertion  tliat  sodium  lactate,  formed  by  it? 
dec«>mposition  by  the  free  lactic  acid,  acts  as  a  mild  cathartic,  is  worthy 
of  credence. 

The  chroniates  are  not  extensively  employed,  but  have  been  found 
present  in  prescTVJitive  jx>wders  used  in  France.  Deniges '  found  the 
nonmd  chroniate  of  p(»tassium  in  two  of  these  preparations,  and  the 
dichromate  and  chroniate  together  in  a  third.  The  latter  was  recom- 
mended in  the  projwrtion  of  ^  grams  to  50  Uters  of  milk.  According 
to  Fn>]devaux,~  such  an  amount  of  potassium  dichromate  is  insuffi- 
cient to  retard  coagulation  and  imparts  an  abnormal  intense  yellow 
color  to  the  milk. 

The  further  dis<*ussion  of  the  subject  of  milk  preser\'atives  may 
be  looked  for  Inflow,  under  the  general  subject  of  Food  Preserva- 
tives. 

Adulteration  of  Milk. — This  most  important  article  of  food  is 
more  subject  to  adulteration  than  any  other,  since  it  lends  itself  so 
readily  to  fraudulent  manipulation.  Tlie  principal  adulterations  are 
the  addition  of  water  and  tlie  abstraction  of  cream.  The  former 
diminishes  the  nutritive  value,  and,  if  the  water  used  is  from  aa 
unclesin  soun*e,  increases  the  i>Ov<sibility  of  disseminating  disease ;  the 
latter  robs  the  milk  of  one  of  its  most  valuable  constituents.  The 
detection  of  thesi*  adultenitions  by  analysis  is  not  always  possible,  since 
a  rich  milk  may  hv  sligliily  watert»d  or  only  jiartially  skimmed  and  still 
show  averagi*  quality.  Again,  even  though  the  watering  be  fairly 
extensive,  it  rannot  always  Ik*  j)n>ved  that  the  milk  \vns  not  of  low 
grade  fn»m  natural  caiisi»s,  si  net*  some  i»ows  give  milk  which  on  analysis 
is  far  lH»lf>w  avcragi*  ginnl  milk  and  l>e;irs  ever}'  resemblance  to  watered 
milk.  Further,  a  milk  (Containing  verA*  little  fat  may  be  naturally 
lXH»r  in  that  c<instituent  or  may  Ix'  the  first  [wrt  of  a  milking. 

In  conMH|uenee  of  the  difticulty  of  pn>ving  the  addition  of  Avater  or 
abstraction  of  eream,  and  lHH*;iusi»  of  the  enonnous  importance  of  secur- 
ing a  public  supply  of  at  least  averag*^  gmnl  quality,  most  States  have 
fixtnl  legal  standanls,  to  which  milk  intendeil  for  sale  must  conform. 
The  standard  for  total  M»lids  is  eonmionly  l.>,  12.o,  or  12  percent.; 
nul  for  fat,  .*^,  .*>."),  .*>.7,  and  4  |ht  (vnt.  By  the  adopticm  of  a  1<^1 
•itiuidanl,  all  nulk  of  low  grade,  whether  >o  by  n^son  of  fraudulent 
praetiei^  or  W  use  of  |XH>r  feinl  or  individual  |HVuliaritA'  of  the  cow, 
must  Ik*  tn-ateil  alike.  By  pn»hil>iting  the  siile  of  all  milk  not  of  a 
certain  grade,  it  iHi'ome.-  uiuuHH^siry  to  pn»ve  fraud  or  criminal  knowl- 

'  KoviK'  Intonuitional  tii»v  Kalsititni lions,  IX.,  p.  36. 
*  Jounial  i\v  l*li«nnaoie  vX  «lc  Cheiuio,  18%,  |>.  155. 
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edge,  the  allegation  of  inferior  (|uality  being  sustained  by  the  results 
of  the  analysis. 

Other  forms  of  adulteration  include  the  addition  of  coloring  matters 
for  the  purpose  of  concealing  watering  or  skimming,  or  to  give  a  creamy 
tint  to  a  very  white  milk,  and  the  addition  of  preservatives,  and,  occa- 
sionally, of  other  foreign  substances.  The  coloring  matters  commonly 
used  are,  annatto,  caramel,  and  combinations  of  aniline  dyes.  Their 
<letection  is  by  no  means  difficult  (see  Analysis  of  Milk). 

It  is  a  common  belief,  even  among  people  of  more  than  average 
intelligence,  that  milk  as  found  in  the  market  is  verj'  largely  a  mixtun* 
of  chalk  and  water.  Upon  what  this  absurd  tradition  is  based,  it  is 
difficult  to  surmise,  since  even  though  a  person  were  kxl  to  practise  such 
a  miserable  fraud,  he  would  discover  that  chalk  and  water  will  need 
constant  stirring  to  maintain  even  the  outwartl  semblance  of  milk,  and 
that  a  few  minutes'  standing  is  sufficienUfor  complete  separation  into  a 
deposit  of  chalk  and  a  fairly  clear  supernatant  liquid.  A  less  conmion, 
but  equally  absiud,  notion  that  csUves'  brains  are  a  common  adultemnt 
of  milk,  arose  about  half  a  century  ago  from  the  report  of  a  microscopi- 
cal examination  of  a  milk  sediment  in  which  certain  particles  were 
detected  which  bore  a  resemblance  to  nerve  tissue.  Calves'  brains  do 
not  lend  themselves  readily  to  the  making  of  emulsions,  the  supply  is 
limited,  and  they  find  a  fairly  good  market  in  their  true  character. 

Cane  sugar  is  said  to  have  been  found  at  rare  intervals,  and  gelatin 
is  used  occasionally  as  a  thickening  for  cream.  Starch  is  believed  by 
many  to  be  a  common  adulterant,  but  it  is  used  very  rarely.  In  the 
cxHirse  of  many  years^  supervision  of  a  large  public  milk  supply,  during 
which  several  hundred  thousand  samples  of  milk  were  examined  for 
adulterants  of  all  sort*?,  but  one  instance  of  the  use  of  starch  fell  under 
the  author's  notice.  This  was  due  to  a  shortage  in  the  normal  supply, 
which  led  a  dealer  to  dispense  a  mixture  of  water  and  condensed  milk, 
which  latter  component  had  been  thickened  with  starch. 

CONDENSED  MILK. 

Condensed  milk  is  prepared  by  evaporating  milk  to  about  a  third  or 
a  fourth  of  its  volume  in  vacuum  pans.  It  is  sokl  in  bulk  for  immedi- 
ate use,  and  in  hermetically  sealed  tin  cans  for  use  as  rn^casion  demands. 
Most  of  that  sold  in  tins  is  made  from  skimnuMl  milk,  and  is,  therefore, 
very  deficient  in  fat ;  and  much  of  it  contains  a  large  pn>)K)rtion  of  cane 
sugar,  which  is  added  to  increase  its  keeping  (jualities.  Condensed 
milk  Is  in  many  respecti*  and  under  certain  conditions  a  valuable  fcMxl 
prejKiration,  but  its  use  in  infant  feinling  when  other  milk  is  obtainable 
i**  not  a  wise*  one,  since  it  is  deficient  in  one  of  the  most  important  cle- 
mentSy  and  contains  another  which  is  not  a  normal  constituent. 

K0X7MISS  AND  KEFIB. 

These  are  fermented  preparations  containing  lactic  and  carbonic  acids 
aod  a  small  amount  of  alcohol.     They  are  produced  through  the  action 
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«if  iiurro-«jrtJfanisniK  v;1hHi  induef  iVrmeiitative  <'haiigf*s  and  Ijringalxnjt 
a  |mrtial  mnviTsiun  ui'  tUv  |»nit4'ids  to  iilliiimosrs  ami  |Hj>t*>in^*  Both 
had  their  origin  in  Russia,  where  they  have  het^ii  in  use  for  maiiv 
yearrt.  Koumiss  is  niaile  |::enerally  fnmi  the  milk  iti'  mares,  hut  may  l>e 
Uiatle  from  tliat  of  eows  witli  the  assistauee  of  jtddetl  sugar.  Ki^iir  ii* 
made  nic»rL*  coinnMaily  i'wnn  the  milk  of  cows.  Both  are  efft^rvi^srent 
h«|uids  liuviug  Haiiewliat  the  taste  of  hutter-milk,  aud  are  vahiahle  in 
tile  iWxliu^  af  tlje  fiek  and  t>f  those  with  inijiairetl  digestive  tuBrtiou. 
The  **  kefir  gniins '*  are  small,  hard,  grauular  parttt^es  which  (Mintain 
tlie  nnjuisite  rirgimisnis.  They  are  adcU^l  to  the  tailk  alter  being  soakwl 
uutil  soft,  and  their  aetioii  is  eoiupletied  in  two  or  three  days. 


CREAM. 

Cream,  as  already  state<l,  may  Iny  defined  as  milk  eoutaining  a  large 
vxc&^s  of  fat,  and  tYirresjKmdini^ly  hic*kiiig  iu  water.  The  tiegree  of  rieh- 
ne^s  is  dejieiulent  ujion  iht^  nalhotl  t/niployinl  iu  its  si^])aratioii  from  tlie 
original  vtilmiie  of  milk.  'J'hat  <thtaine*l  by  the  ciainuon  method  of* 
skimmuig  e<intaius  onlinariiy  alwmT  Hi  to  24  jn  r  i-ent,  of  fat,  while  that 
sejmrated  by  the  eeutrifugid  maehiue  eontidns  from  2i>  to  iipwanl  of  o() 
]K'r  eeut.,  aee<jrcliug  as  the  rnaehine  is  regulat€>«:l  for  **  light"  or  '*  heavy  '^ 
eivam.  The  latter  is  hi  thiek  as  to  give  rise  to  a  eommon  notion  that 
eoni  starch  is  nscnl  as  an  aihiltenuit.  This  siibstanee,  hnwever,  is  iisikI 
rarely  if  ever  in  this  way.  (Jelatin  is  emjdoyiHl  as  an  adullcrant  to  li 
limited  extent.  A  prt^|>arut!ou  largely  advert ise<l  to  the  trade  at  one 
time  as  a  *^eream  thickener"  was  aualy/.tHi  hy  tht*  author,  aud  foaud 
to  l>e  a  mixture  of  gelatin,  iHtrax,  and  lionr  arid.  The  couuuun  aduU 
tiM'ants  of  ertnini  aiv  |)rcscrvatives  and  coh>riug  ageiMs,  The  former 
ai-e  useil  na^stly  dnriug  the  hot  mouths  j  the  latter  during  the  wiuter, 
when,  on  at'count  of  the  thtierenee  in  feed,  the  cream  ha,s  not  the  ehar- 
acterihiie  yellow  tint  so  highly  prized. 

Milk  as  a  Factor  in  the  Spread  of  Disease. 

Milk  nuiy  act  as  a  csirrier  of  disi^aw  or  {•smse  of  fnudional  distnrh- 
anee  through  infectious  or  jwnsnncHis  mattei>^  originally  ju'cstr-nt,  or  re- 
eeiveil  or  evolvetl  during  haudling  aud  distribution.  Thus,  milk  may 
be  jM>ist»nuus  l>y  n^ason  of  matters  dcrivcil  from  the  feed  or  of  suli- 
i*tauecs  formetl  after  it  is  drawn  ;  it  may  contain  organisms  of  various 
kinds  cfinneet^^  with  l^^vinc  diseast*^  ;  it  may  become  contaminated  in 
various  ways  wft!i  matter  **ontaining  the  exciting  cause  of  various 
human  discuses. 

PoisoEOUS  MUk. — Ccrlaiu  plauts  eateu  hy  <'ows  may  c^mse  milk  to 
b*H'ome  unht  tor  drinking  bt^cause  of  loxic  properties,  l^asim  ivy 
{HhuH  ioxirtjifrn(fron)y  ii>r  example,  aiuses  in  cows  a  condition  known 
as  "trembles,*^  during  the  cimtiiuuince  of  which  their  milk  is  said  to 
cause  severe  gastric  symptoms  with  great  weakness,  llie  most  ppmii- 
neut  symjitoms  arc  |»ain,  naasca,  \'omiting,  mnstijiation,  and  subnonual 
temperature.      If  tlte  milk   be  iKiilMb  the  ]>i>isf>nHns  properties  ai*e  de- 
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«tn>yed.  According  to  Dr.  D.  D.  (irout,*  whatever  the  nature  of  tlie 
poisou  in  milk  from  cows  aifiicted  with  "  trembles,"  it  attacks  the  cen- 
tral nervous  system  and  produces  characteristic  trembling  and  profound 
loss  of  muscular  power.  He  l)elieves  that  a  j)eculiar  microzyme  exists 
in  the  blood,  and  has  pathogenic  properties,  which  may  be  reproduced 
indefinitely  through  the  milk  and  through  butter  and  cheese  made 
thert^from. 

The  leaves  of  the  common  artichoke  are  said  *^  to  cause  abdominal 
]»ain,  vomiting,  and  diarrhcea. 

As  stated  on  a  preceding  page,  milk  may  undergo  a  peculiar  form 
«.>f  deeomposition  resulting  in  the  pn)duction  of  an  intensely  violent 
poLson,  a  benzene  derivative,  known  as  tyrotoxieon.  Fortunately,  this 
U  an  uncommon  change,  but  it  betrays  to  the  consumer  no  sign  of  its 
occurrence  at  the  time  of  drinking.  The  effects  product  are  various, 
and  are  well  illustrated  by  the  following  castas  : 

Case  I. — Reported  by  Dr.  W.  K.  Newton  and  Mr.  S.  Wallace.* 
On  August  7,  1886,  24  guests  of  one  hoti^l  at  I^)ng  Bmnch,  and  19 
of  another  hotel  at  the  same  place,  were  taken  sick  socm  after  supper 
with  the  same  train  of  symptoms,  which  were  nausea,  vomiting,  cramps, 
and  collapse,  drj'uess  of  the  throat,  and  burning  sensation  in  the  oesoph- 
agus ;  in  many  cases  there  was  absence  of  diarrhoea,  and  in  several 
there  was  active  diarrhoea  without  vomiting.  Many  had  violent  vom- 
iting followed  by  collapse.  As  a  rule,  the  nausea  and  vomiting  were 
l^ersistent  and  obstinate,  and  accompanied  by  a  tendency  to  exhaustion 
and  collapse.  A  week  later,  30  guests  of  still  another  hotel  were 
seized  in  precisely  the  same  manner.  The  onset  occurred  in  from 
one  to  four  hours  after  eating,  but  in  one  instance  the  symptoms 
apjieared  almost  imnuKliately  after  drinking  about  a  quart  of  milk. 
Investigation  showed  that  the  trouble  was  due  wholly  to  milk,  for  only 
tin*  milk-<lrinkers  wen'  seized,  and  those  who  had  had  no  other  f(M)d 
were  the  worst  sufferers.  The  thre(»  hotels  were  servwl  by  one  dealer, 
who  made  two  deliveries  daily.  The  milk  of  the  s(H»on(l  deliver}'  was 
the  cause  of  the  mischief  in  each  outbreak.  It  was  dniwn  at  noon,  and, 
without  being  coole<l  at  all,  was  carted  eight  niil(»s  in  the  heat  of  the 
ilay.  The  cows  were  healthy  and  well  fe<l.  In  a  portion  of  the  milk 
that  caiLsed  the  thinl  group  of  cases,  the  pR\senee  of  tyrotoxieon  was 
demonstrate<l. 

Case  II. — This  was  a  most  extraordinary  outbreak,  limited  to  a 
family  consisting  of  father,  mother,  son,  and  daughter,  of  whom  all 
but  the  first  mentioned  dicnl.  The  family  physician  called  Profess<ir 
V.  C  Vaughan  in  consultation  after  the  fourth  member  of  the  family 
was  seized,  and  fn>m  his  re|)ort  of  the  case  the  following  facts  are 
taken.  The  first  one  s^mzhI  was  the  father,  a  man  of  fifty  years.  WluMi 
first  seen,  he  was  vomiting  severely,  his  face  was  flushcnl,  and  his  tem- 
perature was  subnormal  (96°  F.).    There  was  marked  throbbing  of  the 

*  Quoted  in  Aniericah  Medicine,  Aug.  lU,  1901. 

«  Milchzeitung,  1891,  p.  40. 

»  Medieal  New«,  September  25,  1886,  p.  343. 
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abdiiniinal  aorta,  tlu^  tongue  \va>  lienvily  cnateil,  aiul  the  hrciUhing  w»e 
very  labf>red.  The  |Hipils  were  dilate*!,  iind  niiu'b  ol*  the  ImkIv  wai4  er»v- 
enil  with  !i  rash.  The  vcmiiting  (*<iiitiiKie<l  y^nnr  huurs,  the  vuniitns  hdnt: 
e<>h»red  with  bite.  Tfie  Ijeiwels  bad  not  iiir*vetb  but  iiiuler  the  intlueiH^ 
of  a  n*thartic%  a  sUhA  umirntl  hu  tlie  fblluwini^  day.  Retehing  an<l 
vomiting  fnutimied  (hiring  that  <lay  anci  nighty  and  there  wjij^  ]>ersisif.Mi^ 
stiijwir.  Ihiriiig  the  tblhiwing  tlirw  tlays,  tlieiv  was  but  little  ehaiiu 
Then  ini|jrnv('nieiit  iKgrao,  hnt  re<Miver}'  re*|uired  a  njtuitli.  The  Hin^ ;; 
strung  y«*nth  of  eighteen,  was  tbr  n*'Xt  Ut  l)e  seized,  tour  diiv>  after  llie 
beginning  of  his  lather's  siekness.  The  symptoms  were  sLmilar,  bul 
were  m<»re  violent,  an<I  there  was  no  rash,  On  the  following  evening, 
the  mother,  al>out  I'orty-five,  was  seized  in  the  same  way,  and  on  tlu* 
sueewding  rvening,  the  daughter  also.  On  the  day  following  the  last 
seizure,  ravne  of  the  eases  showed  itHprovenient.  Tlu'  temperatim*i 
were  siibnormab  »H^  and  95"^  ¥.  All  eiunphntinl  iff  a  buming  con- 
stneti<ui  in  the  throat  and  diftieult  swallowing,  an*l  *:alle<l  frtxjiietitk 
lor  iee.  Two  days  later,  th<*  mother  and  smi  died  ;  the  daughter  grew 
worse,  l>eeanie  uncT»nsei( vns,  reniaiiKHl  so  thn-e  ilays,  and  then  died. 

Post-mortem  examination  in  the  etise  of  the  tlanghter  revwiled  no 
ehanieteristic  lesions  to  aceount  for  death.  The  outbreak  wai*  mmX 
earefully  rnid  tlmnvnghly  investigritinl  tnirii  every  slaridj»oint,  and  tlie 
ennehision  reaehe<l  was  that  tyrotoxieon  was  the  cinisi\  The  milk 
had  Ikcu  kept  in  a  buttiry  which  was  in  a  most  nnsndtan'  eondition. 
liuring  three  years,  the  tamily  had  sntfereil  frecpitnU  attat*ks  of  like 
<'harat*ter,  lint  they  were  much  less  sevt^re.  Fn'sh  milk,  plaeiMl  in  the 
lutttiTv  over  night,  and  then  examined  for  tyn>toxie<*n,  gave  iinmis- 
takahle  i-hemiesd  and  pbysiologieat  evidenee  of  that  jMiis^in.  Fresh 
milk  inoeuhitc«<l  with  dirt  fnuu  tlie  buttery  floor  also  devekipe<l  it,  as 
did  als^»  iitber  |)4»rtions  trmtt^d  with  vomitus,  stomac*h  eontents,  antl 
af(U<4Uis  extraet  of  the  inte>tines,  wliile  a  lif^h  spin^imen  ujitn^letl 
reinaiiKHl  ir*5^  from  it.  All  the  evidenee  in  this  east*  |wHnte<l  to  tin* 
more  or  less  n instant  piv^*nee  of  ]>*>ison  in  tlu^  milk,  and  the  wide 
variation  in  t!ie  time  of  seizure  in  the  tinal  nut  break  io<lieatei^  timt 
all  Were  not  aifeettMl  }>y  the  same  day's  supply. 

Milk  from  Disea&ed  Cows. — The  milk  f>f  e<iws  sntlering  ih»m  tin* 
j>roniinent  rattle  plagues  is  more  or  less  alterr'^l  in  i'f»m[«isiti«»n,  and 
there  appeai*s  to  be  evidenee  that  it  may  lie  aetually  thoigenins. 

In  rimhrptitt,  the  proteids  are  mueh  ineresisecl — in  iiiet^  more  thau 
doubled  ;  the  minersil  eonstituents  are  eousidendily  inereaseil,  and  tlu"  tlit 
and  sugar  are  diminislied. 

In  /mi/  titid  mottfh  ffiHensry  tl*e  tntal  sulids  aiT  ini'reaftt»<I  eon>jderabiy, 
or  diminishetl  at  diftl-rent  stages,  and  the  milk  will  somi'times  eiKXgulate 
mi  boiling,  by  reius^in  of  the  excessive  amount  nf  c*<iagulable  pn>teids. 
There  is  reason  to  believe  that  this  disease  may  h*'  itantnuniiitted  In 
other  animals  tlirough  the  milk,  an^l  there  is  i^videnee  that  the  use  of 
the  nn'lk  by  man  will  prtxluee  hieal  lesions  in  the  mfaitli  and  thniat. 
Thus,  Nf»tter  and  Firth  ^  mention  an  epiilemie  of  sore  thnutt  at  Dover, 
'  The  Theor>'  irnd  PraetiLt  of  Hygiene:  London,  1896,  p.  305. 
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in  1884,  in  which  there  were  205  eases  of  vesicular  eruption  in  the 
throat  or  on  the  lips,  enlarged  tonsils,  and  in  most  cases  enlarged  glands 
of  the  neck,  all  occurring  within  a  week  in  persons  supplied  by  a  single 
dairy  where  the  disease*  existed.  It  is  asserted  by  Pott*  that  such  milk 
in  the  raw  state  may  induce  a  similar  aifection  in  man,  and  especially 
in  children. 

In  anthrax,  the  milk  has  an  abnormal  appearance  and  dwomposes 
rapidly.  The  specific  organism  has  been  isolated  in  active  condition  by 
Boschetti  ^  from  milk  as  late  as  fourtet*n  days  after  it  had  been  drawn. 
In  ffcfmof/iycoxw,  particularly  if  the  udder  is  involved,  the  milk 
i«hcmld  be  avoided,  although  there  ap|)ears  to  be  little  direct  evidence 
bearing  upon  tmnsmission  of  the  disease  to  man  by  this  means.  It 
is  certain,  however,  that  the  disease  does  occur  sometimes  in  man,  and 
though  in  the  matter  of  transmission  of  disease  from  animals  to  man 
nothing  should  be  taken  for  gmnted,  it  is  commendable  in  such  cases 
of  lack  of  positive  knowledge  to  err  on  the  side  of  safety,  and  to  avoid 
and  pn)hibit  the  use  of  such  milk. 

The  milk  of  cows  afflicted  with  garget ,  an  inflammatory  condition 
of  the  milk  ducte,  is  believed  to  have  cimsed  epidemics  of  gastro-intes- 
tinal  irritation,  and  there  is  reason  to  believe  that  it  may  be  a  common 
caa*4e  of  cholera  infantum.  In  an  investigation  instituted  to  deter- 
mine the  cause  of  diarrhcea  among  the  consumers  of  milk  of  a  certain 
dmiy,  Lameris  and  Van  Harrevelt  ^  discovered  the  presence  of  strepto- 
cocci in  great  numbers  in  the  udder  of  a  cow  which  recently  had  recov- 
ered from  an  attack  of  garget  Whether  in  this  particular  instance 
these  micro-organisms  were  the  cause  of  the  disturbance  among  the 
consumers,  cannot  definitely  be  asserted,  but  according  to  the  researches 
of  Escherich,  Adametz,  and  others,  the  severe  diarrhoeas  of  infancy  are 
due  largely  to  the  prc*sence  of  Streptococemt  pyof/eiieH.  This  and  other 
pathogenic  organisms  appear  to  be  exceedingly  common  in  ordinary 
market  milk,  and  in  the  milk  of  cows  with  no  apparent  local  disease. 
Thib<,  Ea.stes*  discovered  streptococci  in  106  of  180  samples  examined ; 
Beck,*  in  3o  of  5(>  sjimples  of  the  Berlin  supply  ;  Bergey,''  in  20  of  40 
samples  of  market  milk,  and  in  3  of  59  sjunpl(»s  from  first-class  dairies. 
Reed  and  Ward^  have  n»corded  the  cjiso  of  a  cow,  one  of  the  CoriK^ll 
University  herd,  apparently  h«ihhy,  whose  milk  yielded  streptococci 
at  inter\'als  extending  over  two  ye^irs  and  a  half.  When  the  animal 
wa»  killcil,  the  udder  was  examined,  and  showinl  an  abundance  of  the 
or^ganisms.  From  the  secretions  of  certain  diseased  udders,  Klein  ® 
isolated  two  varieties  of  pyogenic  ba(^teria — /^.  diphiheroideM  and  Strep- 
ioeofuniJt  rmVmUiH  (pi/ogetw^). 

Other  pathogenic  organisms  commonly  present  in  milk  include  mi- 

'  Mum^hener  medii>iniHc*he  Wochenwhrift,  July  25,  IH\)9. 

•  Giomale  di  Medicina  Veterinaria,  1S91. 

»  ZeitHchrift  fiir  FleiHch-  und  MilchhyKienc,  1900,  p.  114. 
^BritiMh  Medical  Journal,  Nov.  11,  1S99. 

*  IleutHche  Vierteljahmichrift  fur  offentliche  Gesundheitf<pflege,  1900,  p.  430. 
«  American  Medicine,  April  20,  1901,  p.  122. 

'  Centmlblatt  fur  Baktenolope,  1901,  XXIX.,  p.  496. 
"  Journal  of  Hygiene,  January,  1901,  p.  78. 
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crococci,  found  by  Bergey  in  36  of  40  samples  of  market  milk^  and  m 
16  of  59  samples  fmm  first-class  dairies ;  t^aphylococewt pyogenen  aurem^ 
found  by  the  same  investigator  in  3  of  8  siimples  from  individual  cow» 
of  first-class  dairies ;  by  Ijeblanc/  in  the  ducts  of  10  of  the  24  teats 
of  6  dairy  cows  examined  ;  and  Staph iflococciui  aureiui  and  albuH,  found 
by  Leblanc,  v.  Hellens,  and  others.  B,  coli  comviunU  is  present  almost 
invariably  in  milk  from  all  sources,  and  Proteus  vulyans  is  found  fre- 
quently. 

The  presence  of  the  various  i)yogenic  bacteria  in  milk,  whether  due 
to  their  existence  within  the  milk  ducts  or  to  even  slight  lesions  on  the 
hands  of  the  milkers,  is  a  matter  of  ^va\^  concern  as  a  common  cause 
of  serious  gastro-intestinal  disorders,  especially  in  children  in  their 
first  years. 

It  would  appear  from  a  report  made  by  Gaffky,*  that  the  milk  of 
cows  suffering  from  sj)ecific  enteritis  may  be  a  cause  of  sickness.  Three 
persons  connected  with  the  Institute  of  Hygiene  at  Giessen  were  seized, 
after  drinking  milk  from  a  cow  suffering  from  such  a  disease,  with 
nausea,  vomiting,  diarrhcea,  and  mental  confusion.  One  recovered  in 
a  few  days,  the  others  in  about  four  weeks.  The  milk  was  dnmk  in 
the  raw  state. 

Concerning  the  agency  of  milk  of  tuberculous  cows  in  spreading 
tuberculo»iii,  there  is,  as  in  the  case  of  tuberculous  meat,  a  wide  diver- 
gence of  opinion.  Then?  csui  be  no  doubt  that  the  milk  of  such  cows 
may  convey  the  infection  to  other  animals,  but  whether  to  man  cannot 
be  definitely  statetl,  In^cause  of  the  imjK>ssibility  of  experimentation,  and 
since,  in  any  aise  of  supposed  tnuismission,  verj'  many  other  possible 
agencies  must  be  eliminated.  As  stateil  on  a  preceding  ]>age,  local  in- 
fection by  meat  through  wounds  incurred  at  autopsies  of  tuberculous 
animals  is  not  imj>ossible,  but  cases  of  similar  infection  through  milk 
are  excecnlingly  rare.  Salmon  ^  cites  but  3  cases  in  all ;  one,  from  the 
applicjition  of  cream  to  a  leg  supposwUy  ]K)isoned  by  ivy  ;  a  second, 
from  milking  with  a  wound  in  one  finger ;  and  a  third,  from  attempted 
n^moval  of  tattoo-marks  by  the  intriKluction  of  milk  through  needle- 
punctures. 

There  can  be  no  doubt  that  the  tubercle  bacillus  finds  its  way  into 
milk,  particularly  if  the  udder  is  involved,  but  even  when  not.  This 
was  asserted  so  long  ago  as  1 8H9  by  Professor  H.  C.  Ernst,^  mIio,  after 
a  very  extended  inquiry-,  j)roved  tliat  the  milk  of  cows  with  tubercu- 
losis in  any  part  of  the  body,  and  with  no  local  lesion  of  the  udder 
whatever,  may  contain  the  bacillus.  This  finding  has  been  cimfinned 
by  a  number  of  more  recent  observations.  EsiH'cially  noteworthy  is  the 
investigation  pursued  by  Drs.  Rabinowitsch  and  Kempner,*who  obtained 
positive  results  from  in<K»ulation  experiments  on  guinea-pigs  with  the 
milk  of  10  out  of  1-")  cows  that  had  reacte<l  to  tuberculin.     Of  these 

*  Lyon  iiKT^lical,  VM),  j..  oOl. 

*  r)eiiU»iclie  niedicinische  AV(K*hensc'hrift,  1S92.  No.  14. 

*  Bulletin  33,  Bnivau  of  Animal  Industry,  VM)\. 

*  Aniei-ican  Journal  of  Medical  Sciences,  Noveniljer,  1889. 

*  Zeitschrift  fiir  Hygeine  und  Infectionskrankheiten,  XXXI.,  p.  137. 
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10  animals,  only  1  showed  cliniral  evidence  of  involvement  of  the 
udder,  and  only  1  other  showe<l  any  sign  of  it  on  microscopical  exami- 
nation. Others  who  have  obtaincil  ix)sitive  results  from  animals  with 
nomml  ndd<»rs  include  Bollinger,  Del^pine,  Bang,  and  Adami. 

Similarly,  the  milk  of  a  tuberculous  mother  may  be  infective,  even 
though  no  nmmmar\'  lesions  exist.  Such  an  instance  Ls  reported  by 
R<>gi»r  and  (iarnier:*  The  woman  ditnl,  seventetMi  days  after  confine- 
nif^nt,  with  pulmonary  tuberculosis.  On  tlie  fourth  day  after  delivery, 
2  guinea-pigs  were  inoculated  with  her  milk,  one  of  them  with  positive 
results.  The  child  lost  weight  from  birth,  and  dmi  at  six  months  with 
tnb<*rcular  lesions  of  the  mesenteric  glands,  liver,  kidneys,  and  spleen. 

But  the  (juestion  of  excn»tion  of  bacteria  by  active  mammary  glands 
with  no  ap]Nirent  lesions  has  not  been  studied  exhaustively.  According 
to  Ba^enau,-  only  those  bacteria  which  are  capable  of  acting  on  the 
walls  of  the  bkxKl-vessels  so  as  to  cjuise  hemorrhages  are  able  to  pass 
from  the  bl<KKl  into  the  milk,  and  in  those  ciises  in  which  B,  tuberculosis 
has  been  dete<'t<Kl  in  the  absence  of  evidence  of  mammary  lesions,  the 
chances  are  that  more  or  less  alteration  of  the  vessel  walls  has  occurred 
in  conset|Uence  of  disturbed  nutrition.  The  exjK»riments  of  Basch  and 
Weleminsky'  lejid  one  to  the  conclusion  that  Basenau^s  position  is 
correct.  They  infected  animals  with  different  s|KH,'ies  of  pathogenic 
organisms,  and  found  that,  even  when  the  blcMxl  teemed  with  anthrax 
bacilli,  the  milk  showed  no  evidence  of  their  presence  unless  there  were 
local  conditions  especially  fiivonible,  such  as  vascular  lesions,  which 
may  be  caused  by  the  hemorrhage-pnxlucing  bacteria.  It  has  been 
demonstrattnl  l)y  Ostertag*  that  the  milk  of  cows  which  show  no  evi- 
dence of  tuberculosis  In^yond  reacting  to  tuberculin  (»ontains  no  bacilli, 
and  that  calves  and  pigs  ftnl  therinm  for  months  do  not  become  tuber- 
ciih)us. 

It  is  asserte<l  commonly  that  the  use  of  milk  from  tuberculous  cows 
is  a  jK)sitive  danger  to  public  health,  and  attention  is  directed  to  the 
persistently  high  rate  of  mortality  from  tuberculosis  in  all  its  forms 
among  very  young  children,  and  to  improvement  in  the  death-rat<»s 
from  other  causes.  It  is  assertcnl  that  this  condition  can  Ik?  explained 
in  only  one  way;  that  is,  that  a  very  large  proportion  of  market  milk 
is  deriv(»d  from  tuberculous  cows,  and  thus  bottle-fed  children,  if  at 
all  susc^eptible,  lx»come  infe<*te<l. 

As  to  the  probable  pro|K>ition  of  infcctinl  market  milk,  owing  to  the 
wide  diffen'uces  in  results  obtaine<l  by  various  investigators,  no  definite 
statement  cjin  b<*  given.  Habinowitsch,  for  example,  found  it  to  be  2H 
I)er  cent.;  Massone"^  by  inoculation  experiments  pla<*ed  it  at  9  ;  Ott^  at 
11.6.     Sladen"  found  that  mi)re  than  half  of  the  siunples  taken  from 

'  C'omptes  ren<lu><di*  la  Sooi^t^  de  Biolojrit'.  March  2,  llMMI. 
»  An-hiv  fiir  Hvpiene,  XXIIT.  { IS^o),  p.  44. 
»  Ibidem,  XXXV.  (1899),  p.  20.3. 

*  >5eit«<chrift  fiir  Hygiene  iind  Infeelionski-ankhoiten,  XXX VIII.  (1901),  p.  415. 

*  Annali  d'T^riene  Sperimentale,  1897,  p.  9.S9. 

*  7/f\X9chT\h  fiir  Milfh-  iind  Fleim-hliv^ficne,  1S98,  No.  S. 
'  The  Uncel,  Januan  14,  1899. 
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the  supply  of  the  colleges  at  Cambridge  (England)  conveyed  tubercu- 
losis to  guinea-pigs  on  inoculation ;  but  Eastes  *  found  the  bacillus  in 
but  11  out  of  186  samples  of  milk  which  he  examined.  Others  have 
obtained  results  anywhere  within  the  range  of  6  to  50  per  cent.  Doubt- 
less the  differences  are  due  to  variations  in  local  conditions,  to  differ- 
ences in  technic,  and  to  accidents  always  attending  hap-hazard  securing 
of  any  article  of  food  in  open  market. 

Taking  the  mean  of  the  figures  given,  and  accepting  that  as  a  fair 
approximation  of  the  extent  to  which  public  supplies  are  infected,  it 
must  be  agreed  that,  if  infection  through  milk  is  jx)ssible,  the  amount 
of  disease  so  aiused  is  quite  small  in  proportion  to  the  number  of  the 
population  who  are  exposed  daily  to  the  danger.  There  are  but  few 
reiK)rted  cases  in  which  the  influence  of  other  possible  conditions  can  be 
excluded  so  thoroughly  as  to  leave  no  reasonable  doubt  of  the  causal 
relation  of  milk.  Single  instances  are  necessarily  of  less  value  than 
groups  of  eases,  and  the  latter  are  much  less  common  than  generally 
is  supj)osed.  From  the  number  available  the  following  are  selected  as 
illustratiou.s : 

Brouardel'^  records  the  death  of  7  children  with  no  hereditary  taint, 
inmates  of  a  convent,  from  tuberculosis  su])posedly  induced  by  the  use 
of  milk  from  a  cow  with  tuberculosis  of  the  udder.  Another  case 
reported  by  him,  and  quoted  by  Freudenreich,'*  is  one  in  which  5  of  14 
girls  in  a  boarding-schcHil  l)eciime  infected  and  died.  The  milk  which 
they  had  used  daily  Ciime  from  a  tuberculous  cow. 

Demme*  re]M)i*te<l  as  the  only  instance  in  his  exj)erience  in  which  all 
other  causes  could  sjitisfactorily  be  excludiKl,  a  group  of  4  infants  of 
healthy  parentage  fed  ujM)n  uncooked  milk  of  tuberculous  cows.  They 
nil  died  of  tul)ercu]osis  of  the  intestine,  and  the  diagnosis  was  confirmed 
by  autopsy.  Later,  he  re|)ortal'^  still  another  death  fn)m  the  same 
■cimse  at  four  months.  In  this  case  also  there  was  absolutely  no  family 
history  of  tuberculosis.  After  the  confirmation  of  the  diagnosis  by 
autopsy,  the  cow  was  slaughtercMl  and  found  to  be  tuberculous. 

A  more  extcMisive  outbrwik  among  older  children  was  rejx)rted  by 
Ollivier  to  the  Academy  of  Medicine,  Paris,  on  February'  24,  1891.  A 
woman  of  twenty-one  years,  of  good  family  historj',  who  had  always 
enjoyed  g(Kxl  health,  died  of  tubercular  nu^ningitis  shortly  after  taking 
up  her  residence  in  a  hoarding-  house  in  which  within  a  short  time 
previously  1 1  scIkm)!  girls  had  been  seized  with  tubercidosis.  It  was 
learned  that  the  milk  supply  was  derivcnl  from  a  single  animal  which 
was  extensively  tulxn-culous.  Shortly  afterward,  still  another  girl  died 
of  phthisis  puhnonalis  in  the  same  house. 

Some  of  these  eases,  if  not  all,  may  be  acce])ted  as  very  strong  evi- 
dence that   tuberculosis  may  1h'  spread  thn)ugh  the  agency  of  milk. 

*  British  Medical  Journal,  XovenilHT  11,  1S1)9. 
^  Annales  d'Hy^ii'^ne  publimie,  XXIV.,  i).  (>o. 

'  Les  Microbes  et  leur  des  Hole  dans  la  l^iitcrio,  Paris,  1894,  p.  4o. 

*  .Tahresbericht  uUm-  die  Thati|<keit  des  .Jeiniei-'schen  Kinderspitals  in  Bern,  1882, 
p.  48. 

*  Ibidem,  1886,  p.  20. 
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But  if  it  is  true  that  so  large  a  proiK)rtion  of  the  milk  supply  is  from 
dbiea>«cd  cows,  and  that  the  disease  is  communicable  in  this  way,  it 
fbll«>ws  that  with  the  vast  majority  of  drinkers  of  raw  milk  the  bacilli 
perish  or  are  discharged  without  gaining  entrance  to  the  tissues. 

Granting  that  much  of  the  public  milk  supply  is  derived  from  tuber- 
culous cows,  and  that  it  is  consumed  very  largely  in  unsterilized  condi- 
tion by  ver>'  young  children,  one  would  naturally  expect,  if  the  bovine 
ImiciHus  is  markedly  infective  to  man,  to  find  a  very  high  death-rate 
fnmi  alxlominal  tuberculosis  among  the  very  young.  It  is  asserted  that 
this  is  the  case,  and  elaborate  arguments  in  favor  of  the  statement  that 
tulierculous  milk  is  responsible  for  a  great  ])art  of  the  constantly  high 
infantile  death-rate  have  been  based  on  figures  given  by  the  late  Sir  R. 
Tborne-Thorne,  in  his  Harben  lectures,  in  November,  1898,  showing  that, 
whereas  in  England  and  Wales  the  returns  for  1891-1895,  compared 
wth  those  for  1851-1860,  indicate  a  reduction  in  mortality  from 
phthisis  at  all  ages  of  45.4  |)er  cent.,  and  from  all  forms  of  tuberculosis 
of  39.1  per  cent.,  the  decrease  in  tiibes  mesenteriea  was  for  all  ages  only 
8.5,  and  for  children  under  five  only  i3  per  cent. ;  and  that,  moreover, 
for  children  under  one  year  there  was  not  only  no  reduction,  but  an 
actual  increase  of  27.7  j)er  cent.  Such  figures,  emanating  from  so  high 
an  authority,  would  seem  to  admit  of  but  one  explanation,  namely, 
tliat  infecte<J  milk  is  a  danger  hardly  to  be  overrated.  But  these  figures 
are  din»ctly  opposed  to  clinical  experience  elsewhere  and,  as  will  appear, 
are  incomn't.  Dr.  D.  Bovaird  *  jxiints  out  that  it  is  only  in  England 
that  reports  indicate  any  considerable  number  of  cjises  of  primary  intes- 
tinal tul)erculosis,  and  asserts  that  it  is  very  rare  in  and  about  New 
York  City,  and  that  the  evidence  conni»cting  tuberculosis  in  children 
with  infected  milk  is  very  m«igre.  Koch  has  called  attention  to  the 
grejit  infrtHjuency  of  primary  tuberculosis  of  the  intestine  among  children 
in  institutions  in  Berlin  ;  and  Bi(dert,^  too,  asserts  that  th(»  amount  of 
tulwrcular  infecticm  through  the  alimentary  ciuial  is  very  small.  Adami* 
is  of  the  opinion  that  tuberculosis  of  young  children,  and  especially  peri- 
toneal and  intestinal  tuberculosis,  is  remarkably  rare  in  the  great  cities 
t\{  North  Ameriwi ;  but  Jacob!,*  while  admitting  that  primarj'  tubercu- 
lar ulcerations  of  the  intestine  and  primary  tuberculosis  of  the  mesen- 
teric glands  are  rare,  holds  that  peritoneal  tuberculosis  is  very  common. 
A<lami  cites  the  mortality  returns  for  Montreal  for  the  year  end(d 
June,  1900,  showing  that  of  935  deatiis  from  tuberculosis,  but  4  were 
of  childn?n  under  fourti'cn,  and  3  of  the.s^*  were  from  abdominal  tuU^r- 
rulosis  in  children  under  five  ycnirs.  Crookshank '*  dissents  from  the 
opinion  that  alKlominal  tuberc!ulosis  of  children  is  connecttxl  with  in- 
fected milk,  but  believes  that  not  sufficieiit  (consideration  is  given  to  the 
|K»ssibility  of  infection  from  human  sources. 

The  fallacy  of  Thome-Thome's  figures  has  biH'u  pointcnl  out  by  Carr, 

*  ArchiveH  of  PaHliatrics,  I)t'c.,  l'.H)l. 

*  Berliner  klinWhe  WcH'hfnsclirift,  Noveinlx'r  25,  1901. 
'Philadelphia  Mediciil  Journal,  February  22,  11)02. 

*  New  York  Medical  .Journal,  January  25,  1902. 
»  The  Lancet,  November  2,  11)01. 
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Itnthrie,  Donkin,  and  others,  and  all  iirgniikuts  haHtnl  thcrwn  must  fall 
to  tiK'  j^round.  In  Dot'tiuher,  1K98,  Out'  >;ho\vtHl  tlmt  the  viust  ma- 
jority <»f  txii*€s  returiRMl  i».s  tabes  nu^entfrittt  wvvv  \ni\hi\h\y  <>f  iimnis- 
riHis,  dnv  to  gjistro-iiitestin«d  tut;irrlL  (tiitbi'ie-  roiiclutltHl  tn>ni  the 
n^-^idt.s  o(  77  antHpsii's  |K'rtiiriiuHl  Uy  him  uii  tnhercMiluns  <'liihlren  that 
tht;  disi'iisi*  begins  far  more  eumnuinly  in  the  eliest  than  in  the  ahdoiiini, 
and  diat  taln-s  mei^uterira  as  a  ctLuse  of  tleiiili  in  yonng  ehildren  is 
prin^tieaUy  ntdvmiwn  or  extremely  rare.  Dunkin^  who  eonteuds  that 
the  original  signdieanre  of  the  term  ^^tid)es  m(*s(^nterie4i  *^  no  hmtrer 
hohls,  says  :^  "  We  all  ktJow  that  all  kinds  of  intestinal  and  ntlier  ilis- 
onltTs  are  cHMistantly  styltHl  *  taWs  mes<'iiteneii  '  by  those  who  fail  to 
eure  them/* 

Notwitlistandin^  the  paneity  of  eases  whteli  olfcr  stronj;  evidenee  *if 
H  etiiisal  relation  ht^ween  'mleetinl  nnlk  and  the  fK'ein'reiiee  ot"  tidK3rc*u« 
losijn,  and  in  spite  <if  the  n(nv  rti^ognized  diflerenei's  lietweeii  the  bovine 
and  hnman  ha»illi,  the  |»ossihility  of  danger  in  in<lividiial  e;iR^.s  eaimot 
lightly  l»e  brnshed  aside,  Aeeording  to  Tht^iliald  Smith/  it  is  i[nite 
jMissihle  tliat  sooii'thiiig  interferes  with  the  id)S4)r[>tion  ot*  bovine  baeilli, 
while  allowing  the  hmnan  baeilli  to  pass  ;  and  Mdiile  racial  diilereiiees 
pn>bably  j>rt*vent  the  absorption  of  lx»vine  baeilli  under  ortlinar\^  eiirnm- 
statieosj  and  a  few  baeilli  are  harmless^  there  is  danger  if  tlie  digestive 
traet  is  floo<le<l  with  Inieilli  from  tnljerenlons  udder^.  Ostertag  ^  advo- 
cates the  ending  ont  of  all  eows  showing  elinieal  evidence  of  tnbereii- 
losis  (beyond  reaeting),  and  esju-eially  of  all  wit!i  lesions  within  the 
ndder, 

Lehlane**  is  of  the  opinion  that  the  milk  of  ttdierenlous  eo\vs  is 
dangerous,  not  on  aeeount  oi'  tht^  iiaeilli,  I  ait  nii  aetHHUit  of  the  toxins 
that  it  eontains,  for  it  has  l>e<nt  pn>ve<l  to  have  toxii*  projR^rtieg. 
Miehella>!!«i  has  shown  that  sneh  milk  injcrtwl  into  tuberculous  ani- 
mals c;inses  a  i"eaetion,  and  that  the  milk  oi'  a  tnljiTculons  mother  will 
in  tinre  prove  Tnxie  to  lier  eliild. 

Milk  Oontaminated  from  without  with  Organisms  Related 
to  Human  Diseases. ^ililk  may  become  ctrntaminatetl  with  infec- 
tive matter  in  varitais  ways.  It  may  rtH'civc  it  from  the  hands,  per- 
son»  and  clothing  of  the  milkei*s  and  others  l>y  wlioin  it  is  liandhHl* 
whether  they  are  themselves  si(*k  or  eonvaleH'cnf,  or  acting  in  the 
capacity  of  nurse  or  attendant  tbr  othei^s ;  it  may  acipiiiv  it  fnini 
unclean  vessels  rinsetl  tn  [M>llnte<l  water,  or  i*Yom  water  with  whieh  it 
has  fninduleiitly  been  niixeik  Ontluvaks  tnieed  to  milk  generally 
invidve  a  ciHisidcrable  numlK-r  of  prrsrtns,  inid  apjx'ar  with  sumc  sud- 
dcmiL^ss.  In  lael,  it  is  the  simuhauctais  ap[icaninee  of  a  large  numlH  r 
of  eases  that  draws  attention  to  the  water  snpply  or  milk  as  a  comnif>ti 
cause,     S|>oradic  (^ses  are  rarely  tnieeiible  to  milk. 

On  aceomit  of  the  dangin*  of  sjMritic  t^mtanunalion  of  niilk,  no  \K'V- 

'  Umieni,  WM,  I.,  p.  *2m, 

^  British  Mediail  Jouninl,  (ViotH^r  14,  181^9,  p.  1016, 

*  >UMlif:il  News,  FehiMarv  L*'J,  IH02.  ^  Loco  citato. 

*  LvuM  medlL'ii],  Apiil  14,"  HHJl,  p.  :^IU 
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eon  sick  with  or  c^onvak^x'iit  iVoni  intW-tious  disease,  and  no  person 
having  to  do  with  the  cuire  of  the  sick,  or  with  the  disposal  of  their 
excreta,  or  with  the  wa«hin^  of  tlieir  linen,  should  be  allowed  to  handle 
milk  intended  for  the  use  of  others.  Public  authorities  are  rapidly 
bei!!oming  awakened  to  the  impoitance  of  restri(^tive  measures  in  this 
regard,  and  in  many  conmiunities  it  has  bwn  ma<le  a  criminal  offence 
U>  fail  to  give  notice  of  the  presence  of  cases  of  infectious  disease  at 
the  phM?e  of  prcnluction  of  milk  or  among  those  engaged  in  its  distribu- 
tion and  sale. 

Dilfththeria. — A  large  number  of  epidemics  have  been  reix)rted  in 
which  a  positive  (connection  with  the  milk  supply  apjK^ars  to  have  been 
fairly  well  made  out ;  but  so  far  as  is  known,  there  is  no  connection 
between  any  disease  of  the  cow  and  that  which  we  know  as  diphtheria, 
although  a  number  of  outbreaks  of  diphtheria  have  been  reported  as 
traced  to  garget.  The  specific  organism  <}f  di]>htheria  may  be.  jntro;: 
duced  into  milk  from  the  discharges  of  )x»rsons  employed  in  the  hand- 
ling and  distribution  of  milk  before  they  have  recovered  thoroughly 
from  the  disease.  Dr.  J.  W.  H.  Eyre  ^  found  the  bacillus  of  diphtheria 
in  samples  of  milk  supplied  to  a  large  school  where  a  number  of  cases 
of  the  disease  had  occurred.  The  organisms  gave  the  usual  character- 
istics, and  no  reason  appears  for  doubting  their  identity. 

Schottelius*  proved  that  the  bacillus  of  diphtheriii  can  grow  very 
rapidly  in  raw  milk,  less  so  in  sterilized  milk  at  ordinar}'  temperature, 
\mt  very  much  better  at  37°  C.  Inasmuch  as  the  organism  may  j)er- 
sist  for  long  periods  after  the  disease  apparently  has  disappeared,  and 
may  be  present  in  the  throats  of  persons  in  apparent  health,  it  need  not 
excite  wonder  when  it  is  reported  present  in  milk. 

Cliolera. — Undisputed  eviden(ce  of  the  connecrtiou  between  milk  and 
Asiatic  cholera  is  not  very  common.  There  is  some  disagreement  as  to 
the  viability  of  the  cholera  organisms  in  milk;  thus,  Hesse*  found  that 
fresh,  raw  milk  exerts  a  destnujtive  influence  on  them  ;  that,  in  fact, 
they  begin  to  die  as  soon  as  they  are  mixed  with  it.  He  found  that 
they  die  at  ordinary  nx^m  ttnnjwrature  witliin  1 2  hours,  and  at  incu- 
bator temperature  in  from  (5  to  8  hours.  Tlic  age  of  cultures,  the 
nature  of  the  cuhure  media,  and  the  addition  of  tlic  latter  to  the  milk 
with  the  Iwcteria,  apj)ear  not  to  affect  the  result.  Sterilized  milk  was 
found  to  be  a  better  culture  mcKlium.  Haseiiau  *  disagrees  with  Hesse. 
He  found  that  un(r<M)ked  milk  d(K»s  not  kill  the  organisms  in  10  hours, 
that  they  are  active  after  IIH  hours,  and  that  up  to  the  |K>int  of  coagu- 
lation of  the  milk  they  increase  considerably  in  number.  He  found 
that  in  polluted  milk  they  remain  active  at  least  IV2  hours  at  different 
temperatures  (room  tem])erature,  24°  and  .*57°  C),  and  that  they 
remain  active  even  after  the  milk  has  coagnlate<l. 

Weigmann  and  Zim  ^  found  that  the  length  of  time  cholera  bacteria 

'  Britinh  Medical  Journal,  Sej)toni»>tM-  2,  IHKl). 

'  («ntralhlatt  fur  Bakteriolo^ru*,  Abth.  I.,  XX.,  No.  2'). 

'  ZeitHchrift  fur  Hygiene  und  Infect ioiiskranklu'iten,  XVII.,  p.  238. 

*  Arc'hiv  fiir  Hygiene,  XXIII.,  p.  170. 

*  Centralblati  fiir  Bakteriologie,  etc.,  1H04,  Xc>.  8. 
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remain  aetivo  tlej>emls  ujkxi  tlic  nitiu  ihvy  hair  to  tlit*  luimlier  ol"  other 
org-an i.sm.'^  pre.siuit,  and  that  in  tmler  to  survive  for  many  luHirs  tliev 
would  hn%"e  to  \w  adtltnl  tti  milk  in  t^xrinKlintrly  ]nr\s^'  nnmlK'iN. 

Tlie  evidont-e  that  i-Iink'ni  can  Ik^  ih>spnuriatt*<l  thnmgli  the  a^reitcy 
of  milk  is  ('xc<A'dingly  liniitcHi,  uud  alxjut  the  ouly  «Lse  free  from  diaiht 
is  that  rwofdiHl  hy  iSiuijKs+iu/  who  relates  that  J*  aises  nf  dioleni 
oticiirretl  suddenly  on  a  sliiji  in  tiie  harlMir  of  Ca!«*utta,  |H  num  of  whose 
crew  bad  ohtaiiied  milk  Inini  a  native.  One  drank  Init  little  and 
escmpeii,  4  di^nl  (^f  untlonlilefl  (*hnlenij  and  o  were  very  siek  with  diar* 
rhum.  Eight  otliei>^  wlio  used  eoaden,si!<l  milk  <mly,  ami  thoj^e  whii 
used  no  nnlk  whatever,  were  unaifk-ted.  It  was  k^anuxl  that  the 
vendor  had  dilntrd  the  tnilk  almnt  one-fnnrtli  with  water  iVom  a  tank 
tn  whieh  ile'iL^'tiotis  iVina  eh(»lera  [nitients  liad  gained  aeeess  and  in  wliich 
the  elotlies  rd"  the  jiatients  were  wusIkhI, 

Scarlet  Fever. — In  I)e«*ciuberi  1885,  iK'enrre<l  what  lias  l>wH»nie  coni- 
monly  kni>wn  as  the  Uendoii  nntbreak  of  scarlet  fever,  du<»  to  a  dis<*jise 
at'  txjws,  and  since  tliat  time  a  numln'r  of  *»tliei'  epidt  inies  have  heeii 
tnicwl  ai)|mrently  to  a  e^nnmnn  milk  siip[>ly.  In  the  llendon  ease,  i\ 
nunil>er  id'  cows  were  c»r  liad  Invn  siek  witli  an  intcetiutLs  ern|jtinn  ni 
the  udders^  and  there  eaii  he  no  donht  that  the  ilisense  under  ef)iisidera- 
tHiii  was  sun/iid  ttuNiugh  ilie  a^^eney  of  milk  tomiiig  fnm*  tins  dairy; 
Imt  t^tiier  eM\v>  liaving  tlie  sarut^  disi'ase  caused  nci  tmulile,  and  the  |>os- 
^ibility  of  t^mtaminatitju  fn»ru  hnniau  sources  cmu Id  not  be  excluded 
ahsohitely,  A  nuiuher  of  other  outbreaks  cd*  the  disease  have  H»me- 
what  doubtfully  been  jiserilRHl  to  similar  tejit  eni]*ti*jns,  but  in  no  case 
)s  tlie  evidence  eouehi^'ive,  ihi  flie  otlier  hand,  flKav  is  nndonbteil 
\ evidence  tfiat  tlie  dis4'ase  iias  many  times  been  spre^el  by  milk  fmm 
\liirms  where  chihlren  and  others  were  siek  with  it. 

In  tmeing  epi(k*mit>i  of  this  and  other  diseases  {a  a  t  unuiiou  t-au-e, 
theiv  is  always  danger  (d*  lending  too  much  im]H»rtanc*e  to  niiiieideu<\% 
an<l  of  cotriing  thertl>y  to  nnwarr.uilnl  i'oneIusir»ns.  As  an  lilustnitiun, 
the  following  ease  may  be  eittn!  :  In  ISlf?,  in  one  of  tlie  outlying 
wanli*  of  Bostttn,  a  largi/  number  of  cii.ses  of  scarlet  fever  oeeurrt^l 
with  srtme  suddenness  among  ckildiTU  chietly  of  the  wcH^imIo  eki^s. 
Naturally  there  was  nint^b  disttirbance  of  the  ]iuldi(*  miud,  lun}  an  in- 
vestigation was  undertaken  inum'iliately.  It  wai?  aseertalniHi  that 
nearly  al!  of  the  fiinulies  t^meerncd  wen*  supplieil  by  one  milknnui, 
who  *^nuse<l*'  all  the  milk  whieh  he  handled,  and  the  resjRinsi!>ility  tor 
the  outbreak  was  at  ojn*e  laid  at  Ids  door.  His  premises  were  ex- 
anuneil  by  iht*  licaltli  authorities  and  tnuiid  to  lie  in  exe(dlent  t^mdition. 
No  ca^e  of  disejist*  or  indisf»osition  had  m^'urnH]  in  his  iamily  i»r  atur»ng 
!u*s  hel]>  within  a  uuniiK-r  of  montiis,  nor  had  he  or  anybmly  un  the 
place,  so  far  as  could  be  asecrtaiue<l,  Ihimi  in  eontaet  with  any  caxe  of 
searli't  fever  (*v  of  any  other  infi'<'tious  disease.  His  ctiws  were  e-xamint^l 
by  a  tlioronghly  i"oiu[>etent  veterinarian  and  pronounced  in  every  respect 
healthy.  Nevertheless,  public  excitement  ran  sc»  higli  that  his  business 
fell  away  very  eousiflerably.  Hatl  a  single  c*ow  shown  the  slightest 
*  IiMliaii  Metiii-id  UaitvUt',  May,  1887. 
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evidence  of  an  eruptive  dij^ise  of  the  teats,  the  epidemic  might  have 
been  hailed  as  another  Hendon  outbreak,  and  been  quoted  in  sanitary 
histor\'  as  a  noteworthy  example.  The  fact  that  the  great  majority  of 
cases  occurred  among  his  jwitrons  was  easily  explainable,  for  he  wjis 
known  to  be  a  careful,  cleanly,  honest  dealer,  and  was,  therefore,  the 
ver%^  !?ort  of  man  t<.>  attract  the  particular  class  wluxse  homes  were 
invaded.  The  children  affected  belonged  to  closely  affiliated  groups  of 
playmates.  Further  investigation  revealed  the  fact  that  the  first  cjise 
was  of  a  lad  whose  family  was  not  a  customer  of  the  suspected  dealer, 
and  that,  immediately  before  taking  to  his  bed,  he  had  been  playing 
with  a  numbiT  of  those  who  were  among  the  next  to  be  seized.  These 
in  their  turn  had  been  ass(K»iated  with  others,  and  so  the  infection  had 
j^read.  Thus,  what  might  have  scTved  as  a  most  useful  example  of  a 
milk-borne  epidemic  of  scarlet  fever  fell  to  the  ground,  and  the  unfor- 
tunate dealer  was  absolved  from  responsibility. 

TTphoid  Fever. — There  can  be  no  doubt  that,  in  the  spread  of  typhoid 
fever,  milk  plays  a  part  only  segojidju  impoilaui'e.ia.tlm  of  drinking- 
water.  A  very  great  number  of  epidemics  have  been  traced  beyond 
a  poesibility  of  dispute  to  milk  coming  from  fanns  where  cases  of  the 
disea^ne  have  occurnnl.  The  contamination  is  brought  alK)ut  by  the 
hands  of  the  milkers  or  other  handlers,  who,  in  addition,  assist  in 
nursing,  or  by  the  addition  of  infecttnl  water,  or  through  washing  jiails, 
cans,  and  other  vessels  in  such  water. 

From  time  to  time,  tabulated  analyses  of  outbreaks  sup[X)sed  to  be 
due  to  contaminated  milk  have  been  published,  but  a  ver}'  large  pro- 
.  p(»rtion  of  the  cases  included  are  based  on  verj'  insufficient  evidence, 
si>metimes  exceedingly  slight,  such  as  that  a  cow  had  drunk  from  water 
into  which  drainage  from  the  barnyard  had  had  access.  But  within 
recent  yairs,  a  number  of  extensive  epidemics  in  this  country  and  else- 
where have  been  traced  with  as  much  definiteness  to  the  milk  supply, 
as  have  others  to  the  wat^^^r  supply,  and  with  the  sjimc  and  only  dc^fc^ct 
that  the  bacteriological  proof  has  been  lacking.  As  is  the  «ise  w^hen 
outbreaks  o<»cur  from  ik)1  luted  water,  when  attention  is  drawn  to  the 
possible  cause,  the  bacteriological  evidence  is  no  longer  obtiiinable,  the 
conditions  liaving  changed  during  the  period  of  incubation. 

The  Stiite  Boanl  of  Health  of  Massachusetts  has  traced  a  number 
<»f  extensive  epidemics  to  the  use  of  |)olhited  milk,  but  in  no  instance 
hsw  the  orgjinism  been  found  in  the  milk.  In  the  city  of  Boston  also, 
where  the  locral  authorities  keep  a  constant  eye  on  the  reports  of  typhoi<l 
fever  cases  with  pjirticular  reference  to  the  |M)ssibility  of  <lissemi nation 
through  milk,  a  number  of  small  outbreaks  have  bwn  traced  definitely 
to  milk  supplies  derived  from  snruill  farms  where  |H'rsons  sick  with  the 
dif^esse  were  nursed  by  those  who  had  milkinl  the  cows  and  han(lle<I  thv 
milk,  and  in  these  instances  also  the  bacteriological  evidence  is  lacking. 

That  the  organism  can  retain  its  vitality  in  milk,  and  even  in  sour 
milk,  has  definitely  been  settled.  ITein  found  the  orgiuiisin  in  sour 
milk  at  13°-18°  C.  after  thirty-five  days,  but  not  after  foity-eight. 
Hes.*4e  has  found  it  in  sterilized  milk  after  four  months.     Drs.  Fnienkel 
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siiul  Kisti'i\^  havinjj:  rt'jiHUi  tn  hi'lifve  that  tbt:*  uniiHiial  tinicnuit  of  ty« 
phr»i(1  (i'vrr  i»t  HiHuhur^  Wurinir  llif  summer  of  1897  was  due  in  purt 
tt»  iniVH*tc_M|  !(UtN*nniik,  unflertonk  tli*'  stinly  <if  thr  ijin'stinii  wlietlier  />. 
ti^jJitjsifji  mu  oxi^t  in  tluit  HiiiM,  omrrrnin;;  \v])irli  iHiiiit  thvw  luu)  btvii 
more  or  lei^s  of  cHuirtRliujj;  tf.stimony,  Oljtuiniiij;  ^nnw  siinipk.'*;,  they 
first  investitrati*<l  the  mmilier  iincl  kleiitity  nf  the  iMjiitnined  Imeteria, 
and  liiirnet]  tliat,  whllv  llie  jiniuUer  vitrird  widely,  the  sjMvi«»s  were 
sUways  ill  Mint  tlie  siMue.  Finding  iin  ]iiithf>)^enie  nrpniisnis,  tliey  j^teriU 
iztnl  siK*<'iineirs  in  teht-tulK-^  a  half  hunr  a  diiy  Jiir  thrcn*  days»  tJieo 
jihmted  the  typhoid  haeilhis  in  them  and  kept  them  at  ditterent  tem- 
p'^itin^^  :  nn  iee  mid  at  22^  and  ^M^'  i\  L«ic»pf^  were  taken  from  each 
from  time  to  time  ai»d  planttHl,  and  ejieh  yieliled  ptisitive  residts.  The 
>]K'eimen  kept  at  room  lem]»tTature  was  nnder  ohservation  nine  days  ; 
tlie  t^tiiers  Were  mit  examineil  after  the  tliird.  The  sptvimen.^  ol'  fri*sh 
hiitterniilk  eontainin^  all  its  Imetma  were  planteil  ami  kept  under  the 
name  eonditiuiis,  ami  from  them  the  sinie  results  were  (>htaine<L  Yet 
then*  was  this  ditlerenet\  that  tliere  was  always  a  dimimitioii  in  the 
nnndu'r  of  the  pathogenic*  orirjiuisujs,  iuid  tliis  was  tlie  more  marked, 
and  sometimes  very  rapiil,  with  iuert^ising  tempenilures. 

Cholera  iMfantiun.— In  every  lar^e  i-omnnmity,  it  ha^  ba^onie  cUf*- 
t<*maiy  to  expeet  as  a  normal  eondition  a  large  death-nite  amtJUg  ehil^ 
dren  with  the  advent  ol'  hot  weather.  This  iuerctisiil  deidh-rate  is 
limiteil  very  liirgely  to  the  very  early  age  pi*rioils  and  tc»  ehihiivn  fed 
f>n  eows*  milk,  autl  wliile  ehihiren  of  the*  {Mwir  are  the  ones  most  eom- 
numly  attaekt'd,  those  i>f  the  w(41-t4Mlo  are  hy  no  mejius  free.  During 
the  siege  of  Pari>,  the  infiiiit  mortality  wa-  rediie<*<l  to  a  hidf  of  its 
yearly  avemge,  although  the  general  death-n*te  had  tliaihlinL  Tliis 
imusual  rxindition  was  attril>tited,  nn  doubt  e*orreetIy,  to  the  fact  that 
niotlnTS  wej'e  ol>lige<!  to  nurse  their  infants  when  they  n>nhh  *'U  ac*eount 
rd'  the  great  s<tiri  itv  of  i-ows'  udlk  and  otlier  loods. 

The  tMunmnn  milk  haeteria  are  i>rdinarily  hannhss.  Imt  it  ajvpears 
that  S4ime  sjMvies  under  eertain  etmditious  |ji'oduee  ttjxin.s  in  snttieient 
amiiunts  to  niuse  gjjstrie  and  intestinal  dlHtnrhantH*.^.  Aeainling  to 
Bagiusky,"  a  large  ])art  of  the  animal  amount  ni'  eholem  infantum  i^ 
due  til  tiiese  prrniuets  (see  nmlt/r  Uftrfpf,  [k  W). 

I>r,  E.  W.  Ho|K  *  investigatiM]  over  a  thousand  eases  of  autmnnal 
diarrhrea,  and  foinnl  that»  of  *2X\  deaths  i^tf  iniants  under  thive  u»onths» 
only  1()  had  not  receivnl  other  than  their  natural  fiKKl,  That  is  to  sjiy^ 
the  deaths  anmng  artiHei*dly  fi^l  ehildii-n  under  i]ii\v  monllis  of  ag<* 
were  jii\een  timp>  as  uumenjiis  as  aiuong  thtjse  mirserh  In  no  less  than 
22  per  eeiit.  of  the  whtile  number  of  fatal  wises^  other  uieud»ers  of  the 
hons(/hohI  had  sutlered  from  diarrhrra.  The  most  striking  instanee  of 
the  eoniniunieability  of  the  distnrl>am*e  was  that  at  an  infants'  home  in 
whieh  were  10  (*liildren  under  the  age  of  tive  months,  all  in  [►erlW't 
heidth.    An  intant  <d'  two  months  was  admitte^l  in  July  with  vumiting 

*  Miim-hcner  luetlioinisrhe  WtH'JiviiM'liHft,  Fetmmiy  18,  1898, 
'  IkMljiit>r  kliiijH,4ie  W.h  htiiN  hWa,  im4,  No«.  43  and  44, 
^  PubJk-  Heiilth,  July.  I«m 
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and  diarrhoea,  and  within  a  few  days  6  of  the  other  infants  and  the 
nuTBes  were  sick  in  the  same  way.  The  4  other  children  were  taken 
away  at  once.  The  admitted  child  and  the  6  that  became  infected  all 
died.     The  4  tliat  were  taken  away  were  saved. 

Bacteriological  examination  of  milk  has  shown  the  presence  of  ex- 
tremely active  organisms,  including  B,  enterUidla  sporoyenea  of  Klein,' 
which  has  been  found  by  its  discoverer  in  the  ileum  contents  of  chil- 
dren and  adults  with  diarrhoeal  conditions,  but  not  in  a  condition  of 
health.  It  has  been  found  by  Andrewes  in  the  discliarges  of  cases  of 
qxiradic  diarrhoea  of  adults,  and  by  Klein  in  three  different  outbreaks 
among  the  inmates  of  a  single  hospital.  It  is  a  conunon  siiprophyte 
fbunfl  in  sewi^:e,  in  polluted  rivers,  and  in  manured  garden  soil,  and  is 
ver\'  commonly  detected  in  milk,  the  ase  of  which  has  not  been  fol- 
lowed  by  untoward  results.  Under  certaui  unknown  conditions,  it 
becomes  highly  jxithogenic,  and  recent  milk  cultures  are  intensely 
virulent  when  inoculated  subcutaneously  in  guinea-pigs. 

It  is  probable  that  to  this  organism  was  due  an  outbresik  of  milk- 
poLsoning  in  Malta,  described  and  investigated  by  J.  Zammit.*  In  one 
village,  5  families  comprising  12  j)erson8  were  seized  with  vomiting, 
dianiioea,  and  cramps,  and  2  children  succumbed.  Post-mortem  exam- 
ination revealed  nothing  except  congestion  of  some  of  the  viscera.  Sub- 
tiequently,  in  another  village,  1 7  persons  in  5  houses  were  attacked  with 
severe  gastro-enteritls  and  collapse.  The  symptoms,  which  came  on  in 
all  causes  about  three  hours  after  drinking  milk,  included  vomiting, 
<liarrb<Ba,  acute  pain  in  the  stomach  and  bowels,  cramps  in  the  extrem- 
ities, weak  and  irregular  puLse,  and  cold  and  (?lamniy  skin.  The  jwr- 
soDS  concerned  in  both  outbreaks  obtaintnl  their  milk  fmni  the  sjmie 
dealer,  whose  cans,  which  hjid  a  sour  smell,  yieldiKl  on  bacteriological 
examination  a  bacillus  having  all  the  chanicteristics  of  tlie  one  men- 
tioned. Families  which  were  sup[)Hed  by  the  same  dealiT,  but  directly 
from  the  goats,  showed  no  symptoms,  and  the  goats  themselves  were 
free  from  disease. 

Andrewes^  has  descTibed  3  much  more  extensive  outbreaks,  referred 
to  above,  due  to  the  same  organism,  in  one  of  which  the  offending  food 
wa«  found  to  Ihj  rice  pudding  made  with  milk.  The  first  and  second 
outbreaks,  in  which  no  one  article  of  food  (H>nl(l  be  incriminated,  iu- 
volve<l  respectively  59  and  14(>  patients ;  the  third  involvcnl  8(5.  In 
all  l\  outbreaks,  the  great  majority  of  the  attacks  were  mil<l,  but  in  some 
of  the  more  severe  crises,  the  discharges  containe<l  inncus  and  l)l<H)fl. 
In  all  3,  the  orgsuiism  was  found  in  the  st(M)ls,  and  in  the  sh'oikI,  it  was 
found  in  the  milk  given  out  on  the  previous  day.  In  the  thinl,  it  was 
impossible  to  obtiiin  any  of  the  milk,  but  the  ]>ii<lding  made  with  it 
yielded  the  orgimisms,  in  spite  of  the  hwit  to  which  the  eom|M»imd  had 
lieen  subjec^te<l  during  its  pre|xiration.     It  was  found  by  dire<t  experi- 

» Centmlblatt  ft'ir  BacterioloRie,  etc.,  XXII.,  Ahth.  I.,  Nos.  20  and  21;  XXIII., 
Abth.  I.,  No.  13. 

»  Brituih  Medical  Journal,  Mav  1*2,  I9(K),  p.  1151. 
*  The  Lancet,  January  7, 1899! 
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ment  that  thv  iiitt^rior  of  suvh  n  piiddiTi^  (li<I  not  littniti  a  totii^>enitiii*e 
ahovt^  9S°  i\  ilurinir  nxikin^,  ii  leiiHR-niturf  holuw  tliat  iietts.siir)'  lor 
the   dpstrut^tion   vi'  the  spores^  which   are  amuii^  the   most  resistant 

Analysis  of  Blilk. 

For  ordinaiy  purp«>si\s  uf  detc^rmiuiDg  the  fjuality  of  niilkj  the  pves-- 
eriee  or  iiUsc^uce  of  addeil  water,  and  whether  it  lias  b€en  mbbed  of  it^ 
ereaii!,  a  eoiijplete  cheiiiirdl  analysis  U  hy  no  nnnms  always  necessary, 

si  nee   inueli   may  be   leaninl   from 
Fui,  2.       sijtJjjle  inspect  ion  by  means  of  the 
y^^   J  ^  lactixlensi meter  and  the  lactoseope. 

The  hietodcnsimeter  (Fig.  2),  or 
laetonicter,  is  merely  a  lar^re  hy- 
drometer with  a  stem  gradnated  ti> 
show  sjieeifie  g-ravities  ranging  fn »(ii 
Lt)ir>  to  1.040.  The  lactoKn>pe, 
invented  by  Pmfej^sor  Feser,  is  ao 
instrnment  (h*signe<l  to  imlieate  the 
approxinmte  fat  e^nitent  nf  mOk. 
It  consists  of  1  gkiisS  cylinder,  iiiti> 
the  bas(*  of  which  a  smaller  cylinder 
of  white  gkiss,  eloscnl  at  tlie  toj» 
ami  moniite*!  tm  a  metallic  base,  is 
fitted.  The  larger  eylinder  is  gmd- 
uatt^d  along  the  side  ;  the  smaller 
one  l)c^ir*s  a  numlx'r  of  l>kit»k  hori- 
zontal lines.  Tile  instninieiit  is 
showTi  in  Fig,  I. 

The  principle  ol'  the  iiistrument 
/  HI  L        ^^  based    npon    the  fact    that    the 

^  opacity  of  milk   is  due  mainly   to 

the  fat  ghtbnies  in  snsjtension,  and 
thatj  tiH*nHon\  the  rielier  a  milk 
IS  in  hd,  the  greater  is  its  npaeity, 
and  the  more  it  must  1m^  dilute^l 
tc*  red  nee  the  ojuuaty  to  Mtcb  an 
extent  as  trt  permit  the  }iassage  of 
light. 

F*-rr's  Iftctoicopc.  simt'tcr.  The  method  ol"  nse  is  a.^  Jbllows  : 

Four  cc.  of  tlie  sjiecimen  are  de- 
livered from  a  pi|iette  into  the  rylin<h"r  through  the  opening  in  its  np[>er 
end,  ami  then  water  is  added  in  --^mall  ()orfions  and  thomiighly  niixtHi 
by  inversion  of  the  instrument,  the  orifice  l>eing  kept  elostnl  by  the  ti[>^ 
of  t!ie  fea'cfinger.  As  soon  as  the  succt*ssive  additions  of  water  have 
Rihic^il  the  opacity  of  the  mixture  to  such  an  extent  that  the  black 
lim*^  iin  the  white  eylinder  can  lie  d(S(*crntHl  so  distinctly  that  they  may 
be  counted,  the  height  of  the  li([nid  on  the  scale  is  n*)ted  and  the  per- 


m\\^  of  fat  indieatol   is   re^nL      Ftmr  (*l\  af  i^kimmed  milk  will  re- 

I  H,   HI  littlr  wak^r  that,  when  llie  liius  vwn  be  seen,  the  level  of  the 

luvitir**  will  lie  very  low^  on  the  t^cale,  while  witli  rieli   railk  it  will   Im? 

ninv<| Mini  11  ugly  hi^h,  and  with  ere^mi  the  whole  eylinder  will  be  tilled^ 

^  anJt'Vfii  then  the  liiie>  eanimt  lie  made  iMit, 

Cfintml  aTialy.H'-«i  show  that  the  instrument  gives  very  i'airly  a<'eurate 
mnlth,  Neitlier  of  these  instruments  alone  t^m  lie  depeiitk*d  ujhui 
t<i  indicate  the  true  quality  of  milk,  excepting  in  the  ease  of  samples 
wInVh  are  either  very  good  or  very  had.  The  spwiiie  gravity  alone  is 
ji^p(TiaI]y  iallaeious  as  a  guide  i<ir  I  he  ft  allowing  re^isons  :  INie  sptH.'i(ic 
Ifnivity  of  normal  milk  at  olK"'  F.  ranges  betwet>n  1,020  and  1.034. 
I  T1k>  removal  of  eream  eaiist^H  it  in  rise;  the  ailditiun  t>f  water  «iuse8  it 
jt*>fall,  A  normal  milk  when  mhhetl  of  \ts  creiim  may  sImiw  a  s]>eeific 
ljfR»vity  of  l.O.'JG,  and  then  if  a  small  amtaint  of  water  is  adde<l,  the 
llT'Sivity  is  bnaiglit  dou  n  to  1JL12  ;  that  is  to  say,  witliin  normal  limit'*. 
IThite,  a  milk  after  iR'iiig  rlonbly  trf^attnl  so  as  to  rtnluee  its  nutritive 
j  value,  may  ^how  a  normal  specifie  gravity,  and,  on  this  tc^^t  alone,  be 
|ck«£<<Yi  it*  pure,  Xor  is  this  the  only  c^hjeetion  to  a  system  of  inspec- 
ltinnuf  this  most  im|Mirtant  ft>iKl  IkisihI  u|»on  the  use  of  the  laetomuter, 
fimv  milks  extvptionally  rieh  in  tat  fiave  a  s|Mvific  gravity  below  the 
AKinuai^  and  thus  may  be  eondemned  as  watered. 

The  hictosfuipie  rdtaie  is  also  not  to  Im^  dependeil  upon  in  all  cases, 
^iuw  a  milk  whieh  shows  a  normal  eontent  of  fat  may  be  onv  of  eon- 
flidenible  riehnt^s  in  tliat  e^mstituent  and  extensively  watered.  Thus, 
li  •*p*'<'iuu*ii  e« staining  (»riginally  4,.'K>  per  eeiit.  of  fat  may  be  wateretl 
very  inmsidenibly,  and  yet  show  *AJ'i  per  eent.  by  the  lai'toseo|x\ 

By  iHimbiuing  the  use  of  iMjth  instruments,  however,  the  fallaeies  of 
either  are  exfH>s4Hl.  A  normal  sjRH'iHe  gravity  '^hnwn  by  the  onv  and  a 
niirmal  fat  eonteut  n-veidecl  by  the  other  will  indicate  that,  even  if  the 
niilk  ha.s  luxm  tamjwrtsl  with,  it  yet  iMisseHst\H  average  rii^mess.  A 
nurmal  i^peeiiie  gravity  with  a  low  jM*reent:!ge  of  fat  will  indicate  skim- 
mtng  and  watering ;  low  sptH!ifi<"  gravity  with  normal  or  low  Ikt,  water- 
ing ;  an<l  high  >|)eei fie  gravity  with  low  fat,  skimming.  Low  speeifie 
gravity  willi  very  high  fat  will  indir'ate  nnusual  riehness  ;  tluiSj  ereant 
hm»  a  vcrj'  low  s|>e(Hti(»  gravity,  due  to  its  pre|>tmdenuiee  of  i'at.  As  a 
leFt  of  the  aetMiraey  of  this  proeess  of  examination,  tlie  autlmr^  eaused 
to  be  una ly xed  u  ml e r  his  supervision  1^714  sj m 'c i  1 1 1 e ti s  \\  1 1  i e 1 1  ii p j  lea  red 
by  tlitit«e  te-st*i  to  be  of  ginnl  ([nality,  and  of  tliis  number  lint  H  were 
fouml  to  have  deviat<*d  materially  from  tln'  statute  re<juireiuent  of  Ki 
|HT  I'enL  nf  loUil  nil  ids. 

Determination  of  Specific  Gravity.— In  taking  tlie  spec^iilc  gnivity 
by  meau*^  of  the  hietiKlvnsimetcr,  the  milk  is  mixed  thorougldy,  in 
%\vr  to  insure  honHtgeneity^  l>y  pouring  from  one  vessel  into  anotlier  ; 
[  cylinder  of  ^utlirient  depth  to  allow  the  instrument  to  float  treely  18 
filletl  with  the  milk,  and  tlie  instniraent  is  eareiully  inserted,  not 
droppwi,  down  to  the  Iwittimi,  and  then  released.  When  it  e^tmeiii  to 
rt*j«t,  till'  nitdifjg  of  the  .stem  at  the  level  of  tln'  surfat'e  t>f  the  liquid  is 
'  Thirty-first  Anniml  Ut-p^^rt  uf  ilie  Inwiiei-rnr  s^f  Milk,  Ikwtrm,  1889,  p,  11. 
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not^d.  It  should  I>e  borne  in  mind  that  air  bubbles  are  retained  rather  | 
tenaciously  by  the  milk,  and  tend  to  lower  the  density,  and,  iherdoR^ ' 
in  mixing  the  milk,  too  violent  action  must  be  avoided,  and  a  ehoit 
time  should  be  allowed  for  the  bubbles  present  to  rise  to  the  surfiM 
and  escape. 

Inasmuch  as  the  gravity  varies  with  the  temperature,  and  the  instm- 
ment  is  graduated  for  59°  F.,  either  the  milk  should  be  brought  t* 
that  temperature,  or  a  correction  should  be  made  acooid- 
Fio.  3.         ing  to  the  deviation  above  or  below  that  point.     If  the 
milk    is  colder,  the  reading  will  be   to(»  high,  and,  if 
waniuT,  t(H)  low.     It  is  more  convenient  to  make  a  cor^ 
rection  for  temperature  than  to  heat  or  cool  the  sped^ 
men  to  the  normal  jwint.     The  deduction  of  a  half  de- 
gree of  gravity  for  t»ach  five  degrees  of  temj)eraturp  below 
59*^,  or  the  addition  of  the  sjime  amount  for  each  four 
degrees  above  59°,  will  be  found  to  be  approximately 
accurate  corrections. 

Determination  of  Fat. — For  the  accurate  detenuina- 
tion  of  fat,  several  methods  are  in  use,  including  the 
following : 

I.  The  Paper-coil  Extraction  Method. — This  process 
recjuires  strips  of  thick  filter-jmper,  free  from  substances 
^^  soluble  in  ether  and  alcohol,  about  <).25  by  62.5  cm.,  and 
/p^^  a  Soxhlet  extraction  apparatus.  The  most  approved  form 
of  the  latter  consists  of  three  separate  pieces  which  fit 
together  by  ground-glass  joints  (see  Fig.  3).  The  top 
and  bottom  pieces  are,  respectively,  an  upright  Liebig 
condenser  and  a  flask.  The  middle  piece,  wiiich  is  tlie 
part  in  which  the  extraction  pnK?ess  occurs,  ct>nsist8  of  a 
glass  cylinder,  closed  at  the  bottom,  from  which  a  nar- 
rower cylinder  with  o\^\\  end  ]>rojec*t8  downward.  The 
tw^o  cylinders  are  coniiecttKl  by  a  side  tube  which  opens 
into  the  up|)cr  [M)rti<)n  of  each,  and  also  by  a  siphon 
which  opens  from  the  side  of  the  l)ottom  of  the  lai^ 
cylinder,  extends  upwanl,  then  turns  ujx)n  itself,  pierces 
tlie  middle  ])art  of  the  wall  of  the  lower  cylinder,  and 
terminates  within  and  just  below  its  lower  end. 

WluMi  in  us(%  the  substance  to  \w  extracted  is  placed 
within  the  upper  cylinder,  u|ion  the  bottom  of  which  is 
placed  a  wad  of  ahsorlxMit  cotton,  which  prevents  the 
entrance  of  solid  {wrticles  to  the  siphon  tube,  or  it  is  con- 
fineil  within  a  (»artri(l<re  of  thick  filter-paper  which  fits 
lcx>sely  within  the  cylinder.  When  the  cartridge  is  used, 
it  is  best  to  plug  its  ojwn  end  witli  absorbent  i*otton,  in  order  to  pre- 
vent the  escape  of  fine  ])articlcs  of  the  continued  subsbmce. 

The  three  separate  |)arts  are  joine<l  together  and  then  mounted  on  a 
ivater-bath.  The  eiher  or  other  extnicting  medium  is  contained  in  the 
flask,  the  exact  weight  of  which  has  Ikmmi  determined.    The  heat  of  the 
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ra^M^Htb  faii^s  tho  ethor  to  vctlatiliztv  and   ihv  vu|>t>r  j^iisses  ypwiinl 

^thnnigh  the  i?ido  tiibt*  into  t\w  i-xtmetor  and  th<iH'i'  to  the  eoti<k*nsH'j 
when*,  t.'omin^  iu  tM>iitiirt  with  the  a4d  suHaoe  ot*  the  inner  tube  thcrc?<)ij 
it  ci->ntlen=res  und  iall,^  ii|^ion  the  sub.st;ince  tn  be  extmett'd.  As  the  proe- 
icontinue^i,  the  eondeoxnl  liquid  a<rijniulates  and  ynidually  rises  until 

lit  reju'hes  the  Iwiid  ♦»!"  the  sipimn,  wliirh,  wlii'ii  lull,  ht'L^ins  U\  act  ati<l 

rdis«:hai>;t^  dt»wn\vard  into  the  fiask  luitil  the  entire  Htjnid  is  ivtiinieil  to 
its  8tartin^-p(»int,  During  its  accumulation,  it  aets  upon  the  substance 
within  the  cvliiuler,  and  extracts  more  or  less  of  the  fat  or  other  sub- 
stance, as  the  c^ase  may  he,  which  is  carried  in  sfdiitiuu  into  the  fiask* 
Tljc  viilatilizatiiMi  continue-*,  and  the  prt>eess  is  re|Mjate<l  a^ain  and  wirdln 
as  long  as  is  neecssarv;  and  in  thi-  way  tlie  wliole  of  the  extracted 
matter  m  tiually  within  the  Hask,  since,  Ix^ing  itself  non-volatile,  it 
remains  hehimi,  while  the  ljc|ui4l   by  wliieh  it  is  extnwte<J  is  st»ut   ixm- 

'tinually  on  it,^  ert^jind.  On  the  efim[>letion  of  tlie  process,  the  ether 
m  sent  up  a^iu  into  the  cylinder,  anil  hefijrc  it  retiehes  the  level  of  the 
siphon  the  flai^k  is  disjuiiitc<h  The  reniainiu^  ether  is  expelhil  cau- 
tiously, und  the  flask  with  its  t^mtents  is  |>]aw.'d  iu  an  air-bath,  niain- 

.taineil  at  10t>^'  C\^  an<l  dried  until  its  weiti:ht  is  einistant.     The  increase 

Jin  the  weight  of  the  Ha>k  represents  tlie  arneamt  of  matter  cxtmcted. 

In  rlelifnnining  tlie  tat  of  milk  In'  this  pt\)wss  the  meth<Hl  is  as  fol- 
lows :  To  one^  of  tlte  strips  of  tilter-|iap<^r,  made  into  a  injiI,  a  definite 
weig'ht  of  milk,  jiljtint   o  gmms,  is  applie«l  in  either  of  two  ways,     A 

Lsmall  Ix-aker  containing;  abmt  the  rci|nired  imiount  is  weighed  rmd  then 
the  ct)il  is  thrnst  int«t  it,  kept  there  nntil  nearly  the  whole  has  been 
alj«<orbed,  and  then  carefully  withdrawn  and  ]>laef^l  dry  edgt^  downwaitl 
iipfin  a  sheet  of  glass,  Tlie  beaker  is  then  wcigh*^l  again,  and  the  loss 
in  weight,  which  rep^^sents  the  junount  of  milk  af»s(n*bed,  i^  noted  ;  or 

itheiieaker  containing  the  milk  and  a  small  pi|>ette  is  weigiied,  and  then 
the  net^essary  amount  ui'  milk  is  transferred  to  the  coil  fmm  the  pi|>ette, 
arter  which  operation  the  weight  of  the  bt^iker,  pipette,  and  the  n^niain- 
ing  milk  is  uotcnl,  and  the  differeitx'  set  down  as  tlie  weight  of  the 
ajilk  alisorbed-  The  coil  is  then  diicnl  in  an  air-batli  at  100^  i\  for  an 
hour  or  mr>re,  at  the  expiration  of  which  time  it  is  ready  for  insertion 
into  the  extractor. 

After  it  has  l>een  acted  upon  fiy  the  etlier  ;d)ont  a  dozen  times,  tlie 
flask  \^  detached  and  trciited  as  above  mentionctl.  After  being  allowed 
ti»  e<x>l,  the  weight  is  noted  antl  the  percentage  (^f  fat  cideidatcHl  aritli- 
melically. 

Example. — The  amoimt  *>f  milk  absnrbed  by  the  eoil  was  4.050 
gnOns.    The  increase  in  the  weight  of  the  ttask  was  OJ  73  gram*    Then 

.the  amount  of  fat  present   in   the  simple  is  dhtained  liv  tlie  <f|uation, 

r4.1>o  :  0.173  :  :  100  :  x,  wliennn  ,v  =  3  JO. 

2.  The  Werner-Schmidt  Method. — In  this  pinccss,  espial  volumes  of 
milk  an*!  hydriH-hh^ric  a^-id,  about  100  cc,  of  each,  arc  nuxed  in  a  test- 
tul>e  and   Ij^iiltnl   for  about  a  minute  and  a  half,  or  licjited  on  a  water- 

^batij  or  st<^irn-bath  until  the   mixtfuv   fs  *brk  brown  \\\  color.      It  is 
fYKilc^b  and  the  mixture  shaken  with  '30  cc.  of  ether.     When  the 


twu  li^jiiuls  havr  st*|niriik^l,  i\\v  Mi|M't'ti!it:iin  Khur  i>?  withdmwD  l>y 
in(L>5iiJs  uf  a  jnpHle  <ir  hlrnvii  out  witli  tlie  as.sistiiU(*e  of  a  clrniblt- tuljC 
sueh  ii^  is  iisi'd  iji  vvash-bcittk's,  tlie  <k*liveiy  (hIk'  t*xtt^iidin|LF  jutu  the^ 
ether  layer  very  ut^arly  as  far  as  tlje  line  of  demart^ition  between  tl*e 
ether  ainl  the  aeid  mixture,  llu'  njverution  is  rei>eated  with  ^versl 
fn'sli  smaller  |inrtioiis  oi'  rthf-r,  ami  the  whf»le  c»f  the  ether  iist^l  i!i 
iMilIeeted  in  a  wcii:;liftl  t^a^k,  Thiii  I  hi"  ethi-r  is  (JistilliHl  off,  iind  tlir 
Husk  with  its  ivsitJuinn  t>f  fat  is  lieatetl  to  ennstam  weij^ht  in  an  air- 
Imtli,  i't*okM.l,  Miul  weijrheik  The  priwess  may  he  shurtenefl  ennHderahlv 
by  treating  the  milk  in  a  gnuhiated  tnlie  anil,  nt'ter  thnroittrh  shakinjj 
with  ether,  ri"in(*ving  an  ;ilii|U<>t  part  of  the  latter  hy  means  nf  a  pipette 
and  eva|Miratini;  to  dryiies>,  Fnun  tlie  weit^fht  of  this  residue,  th^ 
anKiunt  of  kit  in  the  whole  vi»lume  oi*  ether  ean  iTaclity  be  detemiinerl. 
Sinee  the  milk  taken  is  nuasnred,  iiml  not  we^^hnl,  :i  i*ori'^*etkm  mii^-t 
Ik*  made  for  |i:i';ivily. 

ExAMFLK.— Amount  tvl'  milk  umiI  ^^  10  i-e*  S|)irilie  gravitv  of 
^piHanien  -  \AXi2.  Weiglit  of  milk  lischI  ^  IJKVi  a  10^  lOM 
grams,  Amount  of  tat  found  —  O.Mi»7  gnmi.  Perei^ntage  of  fat  in  the 
original  milk  =^  j-  in  the  equation,  \0J\2  :  (J,:it*7  :  :  IdO  :x;  x  —  3.84. 

:k  Tlie  Babcock  Ceatrifugal  Method.- — In  this  proeiss,  eijual  volumes 
oi"  milk  and  ^nljliniic*  aeid  are  mixed  in  flasks  lA'  >|>i*eial  ilesrgn  with 
nanx>w,  gratluated  neek>,  and  then  wljirktl  in  a  eentnfugid  nuiehinc  for 
a  definite  Irngth  ol*  time.  i>n  the  I'omfdetion  of  the  pnx*et*s,  the  details 
of  whir*h  are  t^iven  below,  the  fat  in  a  pun^  eonilition  is  within  tlie 
gnidnjitcnl  ne<"k,  iind  tlie  perrenlage  is  read  direetly  off. 

The  kind  of  flask  us^hI  is  shiiwn  in  Plate  J 1 1.  It  has  a  eap4ieit>'  of 
about  40  CH%  The  graduatetl  pcirtion  ol'  the  ncek  lias  a  esipaeity  of  2  «*c. 
The  details  tiiv  as  follows  :  17Ji  ee.  oi'  the  milk  am  measuivd  by  niean.^ 
of  a  i/ipette  and  introdueed  into  tlie  flnsk.  Then  an  et|nal  volume  of 
sulphuric*  aeid,  ^jM-eifie  grj\ity  KHtMt,  l^  added,  juid  tlie  two  liijuids  jirc 
mixed  thoroughly  bv  gentle  rotar\'  moticai.  Then  the  tlask  is  plaod 
hi  a  eeutrii'ngtd  mai'liiue  made  espeeinlly  tor  the  purpose,  and  whirkJ 
for  Hve  minutes,  at  the  i-xpiratiou  of  wliieh  time  liot  water  is  ailde<]  np 
to  the  begimung  of  tht^  neek.  The  flnsk  is  wbirktl  ag;iin  for  two 
rninntes,  and  more  hot  wnter  is  ndded  so  as  to  bring  the  fat  hiyer  well 
up  into  the  nex^k.  After  further  whirling  for  one  nnnnte,  the  depth  of 
the  fat  layer  is  detenu  intnl  liy  reftTenee  to  the  seah\ 

This  proeess  gives  snflieiently  arenrate  results  for  all  pmeticml  pv^r- 
pos<'s,  and  is  in  c^oninion  use  at  exjieriuienl  stations  in  this  c*otintr\'.  It 
is  uiueh  used  at  ereame^ries  ior  determining  the  butter  value  of  milk 
sent  in  from  the  suiTi>nuding  eountrw 

The  eni^doyment  of  sulj>hnrie  aeid  linving  n  higher  spet  itie  gravity 
than  thfit  giv<rr,say  LH'iO,  is  i»bjeetionable  in  tliat  it  frequently  ha pj)eQs 
that  it  is  impns>ible  to  obtain  a  eleiir  iat  layer.  Tiie  fat  itself  may  l>e 
turned  a  very  d{irk  rnvlor,  and  the  sugar  of  the  milk  may  l>e  attaeke*! 
to  such  an  extent  that  eharred  porti^nis  of  it  will  se|)arate  and  aceumu- 
late  within  and  beneath  the  eobumi  i>f  fat»  and  so  y>revent  a  sitisfaetiny 
reading*     If  the  aeid  ust-d  is  weaker  tlian  ].8i)0,  all  the  easein  may  not 


J 


PLATE  III. 


Babcock   Flask,  showing   Fat  in  N«ck. 
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be  held   in  solution,  and   ]iortion>  ni'  it   may   mingle  with  the  fat  and 
de^tryy  llie  aeeiimrv  of  lite  te>L 

In  Plate  III.  is  j^hown  the  fat  layer  in  the  stem  as  it  should  lie,  free 
fnmi  ulteration  nf  n>lor  and  trom  rliarred  su^i-iir  and  partieh's  of  easrin. 
It  will  he  ohserved  that  thi'  line  of  denuirratit>n  iK-twten  the  water  and 
iIh'  fat  in  the  stem  is  very  sharfu  For  lavani,  a  tiask  with  a  mueli 
bnnider  neck  is  emj*love(l. 

4,  The  Babcock  Asbestos  Method. —  In  this  niethtnl,  thi-  drietl  total 
B*difls  iibtainiHl  \*y  the  nn-thtKl  rk'>(Tll>iHl  tidow  (No.  2)  are  extmeted  in 

'a  Sixhiet  extraetiou  ap|Kii'atus, 

Determination  of  Total  Solids. — L  \\>igh  into  a  flat-l>ottomiKl 
|»latinvini  ilish  of  alxnit  2  ioehes  (5  em.)  diameter,  Tj  granas  of  milk. 
Place  on  a  water-hath  fiir  an  hour  and  a  hah'.  Remove  to  a  hot-air 
bath,  maintainBl  at   10t>"   C\,  until   its  weight  is  eonstant.     Cottl  in  a 

'  de^ic^-iitor  and  weigh.  The  difference  hetw<A^u  this  weight  and  that  of 
the  di^h  alone  represc*nts  the  total  solids  of  the  antount  of  nulk  taken, 
and,  multiplied  by  20,  exprt*sses  the  |)ercentage  of  tfttal  nilids  in  the 
siimple.      If  for  any  re;t<^ni  it  h  desirinl  to  ust^  the  total  solids  ihr  ex- 

I  Intctjon  in  the  S>xh!et  apparatus,  the  dish  may  he  partly  hllcd  befiire 
weighing  with  fine,  clean,  dry  snid,  or  witli  freshly  ignitt-nl  woolly 
agl»e!^o.s.  One  objei'tion  to  the  ib*e  of  the  total  solids  in  this  way  is 
thitt  it  is  extit^mely  ditliradt  to  remove  the  whole  amount  i'nmi  the  dish, 
to  tlie  sides  and  bnttcim  *tf  wliicli  a  jKU^tinn  will  adhere  with  great  ten- 

[aeity,  atid  r-an   Ik*  reiuovnl  only   hy   huruiiig.      To  obviate  this  diHi- 

fcnlty,  Dr.  C  L.  Spaulding  has  snggt\st**d  lining  the  platinum  disli  with 
very  thin  tinfoil,  which,  after  the  weight  of  the  total  nilids  hii«  been 
iiMtinl,  is  withdrawn  with  the  sind  cir  as!)estos,  and  with  it  inserted  into 
the  extract  ion  appanitus. 

Fiinnerly,  the  ivsiihie  of  the  milk  driid  in  the  dish  akuie  withrtut 
sand  or  asbestos  was  used  for  the  determination  of  tat  hy  the  Waidil}  n 
process,  w*hich  eonmst.s  in  filling  the  dish  witli  fri*shly  distilled  ua[^htha 
or  with  ether,  and  allowing  it  to  act  upnu  the  residue  and  tlissoK'e  out 
the  fat,  several  jHU'lious  l»eing  uxth  after  wliii-h  the  dish  is  dried  again 
and  weigluxl,  and  the  losvS  in  weight  taken  as  the  measure  of  the  fat 
eontainc^L  Inasmuch  as  the  sfdvent  cannot  penetrate  the  horny  layer 
which  Ibmis  i>n  the  Ixittoju  of  the  dish,  not  all  the  fat  am  thus  be  ex- 
traeti^il,  aud  the  figures  obtained  are  oi'dinarily  about  0.5  Uk*  low. 

2,  Tbe  Babcock  Asbestos  Method.— In  this  pnH'4'ss,  the  milk  is 
weigheil  into  a  cylinder  of  perforatffl  metal  oy  into  a  filter-paper  cart- 
ridge 111  led  loosely  with  frohly  ignittnl  wiiolly  asliestos,  subjecttnl  to  a 
tcm|MTatnre  of  HXJ^  ('.  until   t\w  weight   is  constant^  and  then  ctMileil 

,  and  weighed.  TIjc  gain  in  weight  represents  the  total  solids  of  the 
amoiuit  of  milk  taken.  The  cylinder  may  then  be  slip|x<l  into  the 
extraction  apparatus  and  used  ft^r  the  determination  of  fat. 

3.  Determiiia.tion  of  Total  SoHds  by  Fommla. — Knowing  the  e<irreet 
?^]>ei'ifie  gravity  and  the  amount  nf  fat,  it  is  |w>ssihle  to  determine  fairly 
ac<"nrately  the  amount  of  total  s«>lid'-  hy  tlie  use  of  the  tbrmnla  of 
Hehner  and   Kiehmoud.     This   Ibrrnida  is  as  follows:   F=^  0.859  T 
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—  0.2186  G,  in  which  F  represents  fet,  T  the  total  solids,  and  Gtk^:- 
figures  of  the  specific  gravity  beyond  the  first  decimal  place. 

Example. — The  specific  gravity  of  a  specimen  of  milk  i.s  fbimdto  | 
be  1.030,  and  its  fat  wntent  3.95.     Then  applying  the  formula,  w 
have 

3.95        .--0.859  T—  (0.2186  X  30),  or 

3.95        ^  0.859  T  -  6.558,  or 

0.859  T  -  6.558  -u  3.95  =  10.508,  and  T  =  12.23. 

In  other  words,  multiply  0.2186  by  the  figures  expre.ssing  sperifc 
gravity,  add  the  pert»entage  of  fat  to  the  product,  and  divide  the  resuh 
by  0.859. 

The  formula  may  also  be  used  to  determine  the  i>erciMitage  of  fat, 
the  specific  gravity  and  total  solids  lK»ing  known. 

Determination  of  Milk  Sugar. — The  amount  of  lactose  may  b^ 
determined  either  chemically  or  by  means  of  the  polarisc<ipe. 

1.  Method  by  Fehling  Solution. — Reagents  required:  Sohition  A-- 
Dissolve  34.639  grams  of  pure  sulphate  of  copper  in  distilled  water 
and  dilute  to  a  liter.  Solution  B.  Dissolve  1 73  gnims  of  potassiom 
.s(xlium  tartrate  (Rochelle  salt)  in  di.stilltKl  water,  add  100  cc.  of  sodium 
hydrate  solution  of  1 .3f>3  spe(»ific  gravity,  and  dilute  the  mixture  with 
distilled  water  to  a  liter. 

In  making  a  determination,  10  cc.  of  each  solution  are  mixed  in  a 
boiling  flask  of  about  300  w.  ca|>acity.  The  amount  of  copper  con- 
taine<l  in  10  cc.  of  solution  A  requires  for  its  reduction  O.OoO  gram 
of  dextrose,  or  0.0()()7  gram  of  lactose. 

Pr()('F.ss. — Into  a  porcelain  eva|X)rating  dish  of  suitable  size,  dis- 
charge from  a  pi|H^tte  2^")  cc.  of  milk.  Add  three  or  four  times  as  much 
water  and  heat  to  40°  C\  Add  acetic  acid,  a  drop  at  a  time,  with  con- 
stant stirring,  until  the  mixture  separates  into  curds  and  a  fairly  dear 
whey.  Transfer  the  whole  to  a  gnuluated  500  cc.  flask,  and  dilute  with 
water  to  the  ol^O  mark.  Filter  a  portion  through  a  dry  filter,  and  u.se 
the  filtrate  for  titration.  Dilute  the  mixed  reagents  in  the  lx>iling  flask 
with  water  and  boil  over  a  Bunsen  flame.  Fn>m  a  burette  graduated  in 
t(»nths,  add  the  filtnite  from  the  curds  a  little  at  a  time,  and  continue  the 
l)oiling  after  each  addition.  As  the  bine  color  begins  to  appear  faint^ 
the  addition  should  be  made  cautiously,  in  order  not  to  overstep  the 
end  rwiction.  As  soon  as  the  blue  ci>lor  is  discharged  completely,  note 
the  reading  of  the  burette. 

The  calculation  is  excHiHlingly  simple.  Since  0.0667  gram  of  lactose 
is  r(H|uinHl  to  rtKluce  the  (N>p|xT  in  the  reagent,  it  follows  that  tliat 
amount  of  the  substance  is  containe<l  in  the  numlx^r  of  cc.  of  the  whey 
uschI,  and  the  |H^rcentagc^  is  obtaiuinl  by  the  applicjition  of  the  rule  of 
thnr. 

Example. — The  ci>lor  is  disi^hai-gtHl  l>y  24.3  cc.  of  the  diluted  whey. 

Then  in  the  whole  amount  of  milk  taken  the  amount  of  sugar  will  be 

X  m  the  tH|uation  24.3  :  O.OiJiw  :  :  ^(H)  :  .v.     .r  =  1.372.     The  amount 

I  taken  was  2.'>  (v.,  hence  in  100  cc.  the  amount  woidd  be  5.49. 
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this?  amount  di\  itltHl  liy  the  .^piritir  irnn'ity  give^  the  percentage  by 
Height.  Sup|w>sir*^  the  sjiecllie  gravity  to  he  L030,  for  exiimple,  the 
IOC)  ce.  of  milk  woitrh  KKi  lajranif**  ami  the  jMjR'eiitage  of  sugar  will  Ih* 
X  in  the  eciiisilion  103  :  100  :  :  0.41)  :  .r,  a-  -^  5.33.  Inasiiiiiob  a8  the 
liieaui^  of  the  tii>t  njuation  are  eon.stautH^  the  reckoning  rt^olves  itself 
into  ilividing  tour  time^  their  pr^nhietj  33.35^  or  133.4  by  the  jiuniher 
of  ce.  UT*e*ly  jmd  chvidiug  this  rt*sult  by  the  .si>e€iiie  gmvity  oi'  the 
^ItecimeD. 

2.  Method  of  Polariscopy.- — ^The  cletorminiition  of  lactose  and  other 
siignr^  by  ramns  o(  the  |>nlariseo|je  euiubim>  the  advantages  of  aceu- 

rrncy  and  of  rapidity.  The  instrntnents  in  enniniou  u.se  are  of  two 
kinds:  those  of  which  the  normal  snertK^e  weight,  tliat  is  to  say,  the 
amount  uf  sucrose  which,  dissolved  in  water  and  made  up  to  1 00  oc., 
will  show  100  dcgit^^^  on  the  sesde  when  ol»serve<l  through  a  2f>0  mm. 
tiil»e,  is  2ti.mK  gmniSj  and  tltost^  in  whieb  it  is  lUJi*  grams.  Of  the 
former,  the  Ventzke-Scheihler  and  the  Sc^limirlt  and  Haenseh  niodilica- 
lion,  and  of  the  latter  tlie  Laurent  insinunent,  may  he  regardcil  as 
^'pes.  The  Schmidt  and  Haensi'h  triple  tield,  half^-hadow  instrument 
pitssesses  the  advantiigi^  of  floing  away  with  tlie  matching  of  colors, 
and  henfv  mav  l>e  use<l  by  tiujsc  wlio  are  eolor-bliud,  and  even  with 
thoe^  not  so  afflicted  gives,  oji  the  whole,  tlie  most  satisfketory  results. 
Process. — Into  a  Hask  graduattnl  f»n  tlie  neck  at  102. (J  c*r.  if  the  in- 
i^tmraent  uk**!  is  one  of  whit-h   the  suenise  normal  weight  is  20.048 

r  gmnis,  weigh  (Io.Jk'j  grams  of  milk,  or  into  one  gradiiateil  at  lOLO  ee.^ 

i  if  it  is  one  of  the  other  class,  weigh  40 J>il  gnnns,  add  1  cc.  of  sohi- 

[  tion  of  mercuric  nitrate  of  pbarniaeo|Keial  strength,  shake  well,  and 
dilnte  with  water  np  to  the  mark.  Filter  thi-ough  a  dry  lilter-pi[x*r, 
fill  the  2(M)  luni.  observation  tulMi,  and  note  the  reading  of  the  scale 
when  thf*  Held  of  ol*>^ervati<in  is  unilbrm.  The  i^^ading  dividetl  by  2 
eqnal>  the  jH^n-entiige  hy  weight  of  hictc».sc. 

The  weights  05,95  and  40.J*9  represent  twice  the  normal  hietose 
weights  f»f  the  res|»e<*tive  ty|ies  of  instruments.  The  graduations  102. f> 
and  lOlJi  at*e  adojjt<^l   instead  of  100  rv.,  sinrr  the  dried  |»reei|>ititetl 

•  runls  fn»ni  tlie  r*>jp^*tive  anmunts  of  milk  of  average  sjieeilic  gravity 
have  a  bulk  e<jual  to  the  exc^-ss  over  100  cc. 

Determiiiation  of  Ash. — The  ash  may  be  determineil  by  ignititig 
the  residue  obtaini^l   in  tlie  determination  of  tntid  solids,  provided  no 

'  other  substance  has  beeji  intHKlnecnl  into  the  dish  witli  the  milk*  The 
ignition  sli<»uhl  be  conducted  at  a  hne  i^mI  heat  until  the  ash  is  pei*feetly 
white*  Then  the  <Iis[i  is  cuoIihI  in  a  desifH^itor  and  agstin  weighc<h  The 
differeni'e  l>etween  this  final  weight  ami  the  original  weiglit  of  the  empty 
dish  repres4nit^  tlie  amount  f>f  juinend  matter  in  the  amount  <if  milk: 
taken.  Or  a  larger  amount  of  milk,  sjiy  2n  gnuns,  may  he  evapjrated 
with  a  few  fv.  of  nitric  acid  and  the  i*esidue  ignitt^I  as  above. 

Detenmnation  of  Proteids.^ — Hiiving  iletermineil  the  total  s*ilids^ 
fat,  sugar,  and  ash,  tlie  |u;oti-iils  may  be  rii'koutHi  by  dilfereutx^^-that 
is,  by  snbtnietiug  the  smn  td'  the  fat,  sugar,  and   asfi   from   the  total 

ipolid^y  f»r  they   may  Ix?  detenu int^l  directly  by  the   Kjeldahl  process^ 
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which  depend^  iipi>n  the  cNinvprsitui  of  the  nitm«?enoiis  matter  into 
jimnioniiim  siilphnte,  wtiieii  then  is  cWiunjKisisi  hv  nn  exeess  ot*  stnmg 
:ilkaH,  amniotiiii  imu^  set  tree.  Tliis  is  expelh^il  by  heat,  eoudensiHl 
with  the  aeamijmnying  ,steatn,  anil  reeeivtnl  iti  aeid  of  known  stren^h. 

The  prcjoess  ls  m  follows  ;  Into  a  Kjehkilil  di^e.-^tive  t1ai.sk  intmdnee 
51  rietinite  weight,  say  '>  i^nniis  of  nnlk,  al>ont  (IT  trrani  of  niereurie 
f L\ith%  and  "10  ec.  of  snlphnrie  aeid  of  1  ,S40  speeitit*  gravity,  free  i'rom 
iiitnites  iuid  ainniouiiiin  sulphate,  Plat*e  the  tliisk  in  an  iiu-lined  jxisi- 
tion  and  heat  bolow  the  boiling-point  of  the  aeitl  for  fnnn  five  to  fitWn 
niinutes,  or  until  frothhig  ceas*^.  Then  raise  the  heat  nnti!  the  niixtni^ 
conie.s  to  boiling,  and  eontiniie  tlie  jjroeess  until  the  liipiid  is  clear  and 
hais  a  very  pule  straw  t'olnr,  Tliis  will  re^pdiv  ordituu'ily  k'ss  than  an 
hour.  A\lthdraw  the  lainjj,  and  drop  in,  in  small  quantities  at  a  time, 
permanganate  of  potassium^  until,  after  shaking,  the  liquid  af»<juiivs  a 
j>enniuieut  grei-n  or  purple  e(d(u\  This  addition  is  not  always  «ir  vvvn 
usually  necessi«rv  to  st*c*ure  eiiuiplete  oxidatic^n,  hut  since  it  is  H^nietirnes 
re<juired,  it  is  best  to  make  it  u  part  of  the  mutine*  Allow  the  contents 
to  cool,  and  then  transfer  them  with  about  200  et\  of  distilled  water, 
plu8  snffieieut  for  thorough  rinsing,  to  a  distilling  flask  of  about  550  ee. 
<^|>{ieity,  titled  with  a  rubber  stopper  and  a  bulb  tube  4fiunc4'te<l  with  a 
very  long  Liebig  ecaidenser,  the  delivery  end  of  which  is  tittixl  witli  a 
gla^s  tulie  bent  at  right  augles,  so  that  it  may  dip  benejith  the  surface 
of  the  acid  into  which  the  diistillate  is  to  l>e  reeeived.  Add  a  tew  pieees 
<if  pumice  or  granidattHl  JciiK',  or  about  0.5  gram  of  zinc  dust,  to  j>rv- 
vent  bumping,  and  25  ce,  of  a  4  per  wut.  a«pie<ais  solution  of  suljjhide 
"of  jxitassiuju,  to  prevent  the  formation  of  eonipoiuuls  of  ammoniinn 
and  niereury,  which  are  not  wholly  deiHmipisable  by  alkalies*  Sliake, 
iind  then  add  of  a  ,siitupatcHl  solution  of  sodium  hydrate,  free  fifim 
nitrates,  suffieient  to  make  the  reaetioti  stmugly  alkaline,  pouring  it 
down  the  side  of  the  flask  so  as  not  tu  mix  at  on<'(*  with  tlie  acid  i-tm- 
tents.  Nejct  eonneet  the  flitsk  with  the  condenser,  mix  the  e<mtent>  by 
^•ntlv  rotating,  anxl  apply  the  flame.  Distil,  and  receive  the  di>tilhit<' 
in  a  vessel  containing  50  cc.  of  (h'ciuormal  snl|)hurie  ar-id.  Wlien  aliout 
175  ec,  have  passnl  over,  it  may  be  assumed  that  all  annuonia  has  l>een 
t^xpelled,  and  tlien  the  distillate  is  titmted  with  dceinurmal  alkali,  using 
coehineiil  or  methyl-orange  as  an  indi<"iton  From  the  difference  in 
fitrengtb  of  the  dt^inormal  aeid,  the  amount  of  mumnuia  is  calculattnl, 
nnd  fvtnn  tins  the  amount  of  nitrogen  :  ami  ibis  nrultiplied  by  <).25 
gives  the  total  [>rotcids. 

Detection  of  Added  Coloring  Matters.^ — Annatto.— To  -Anm  lOO 
CH\  of  milk  in  a  cylinder  almut  1,5  inches  in  diameter,  ad<l  a  few  ec.  of 
jswKlium  ciirbunate  siilution,  to  insure  a  strongly  alkaline  rcaetion  during 
the  examiiiatinu,  and  then  iutrnduec  a  strip  of  heavy  white  tilter-|>a|ier 
about  0.5  by  5.5  int^hes,  an<l  set  the  whole  away  in  a  dark  place  nver 
night.  If  any  aniiatto  eolor  is  present,  it  will,  through  seleetive 
affinity,  fiass  from  the  milk  to  the  liln-e  of  the  paper,  which  thereby 
ae^piires  a  salmnn  tint,  the  dej>tb  f*f  which  is  dejH^ndent  naturally  ujxm 
the  amount  of  the  substun<*e  pn^ent.    The  strip  is  witlulrawn  from  the 
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milk,  wa^hetl  ^ntly  in  running  vvutrr,  mid  laid  iipim  a  piw*-  t*t'  i»a|HT 
of  the  samv  kimi  iis  h>v\l\  W  s^t  much  us  1  jjiirt  tA"  the  aiiiiattu  <<»lii- 
tion  in  1<K1,<HM)  is  pre.s^nit,  tilt'  strip  will  show  a  distirif^t  sitlnmn  tint 
On  dippini^  tlje  strip  into  staunuiis  chhiride  s<jhitioii  the  t'*4or  i^ 
<»tiaD^e<:l  to  pink. 

Another  inethtMl,  by  means  <it*  whieli  all  tlie  mUir  in  the  amount  of* 
milk  iifMTatt^d  upon  may  he  eoui-eiitnittMl  in  a  tunn  best  athipte+l  fur 
pifservation  and  tor  exhibits  in  c(nirt,  is  a^  follows:  Coagulate  from 
100  to  150  ee,  tif  tlje  s|Ht.'imeu  by  tile  appliesitiinr  of  heat  and  aeetic 
aeid,  and  sefwnite  the  eoagulnin  by  st ra in inij;  thntu^di  a  piece  of  cht*ese- 
i'loth.  The  coloring  nialtcT^  lieing  insohiblt^  in  aeld  media,  is  pnvipi- 
tatcd  witli  the  cunl,  which,  however,  will  slmw  to  the  eye  seareely  any 
indiesition  of  it8  presence.  The  ennl  is  plae*"d  in  a  mortar  and  tritu- 
rated with  oO— 75  cc.  of  etiier,  whieh  next  is  transferred  to  u  stoppered 
se|xiniting  funnel  and  shaken  with  10  ee*  of  a  1  jw  r  cent,  solution  of 
<janstic  suda.  When  tlie  two  liipiids  beefMnie  separattHl,  the  latter, 
which  now  contains  the  annatto  cohn%  is  tlr^iwu  niV  into  two  |w>r(x'laiu 
Atr  gla^!*  di»lie8  alwait  an  inch  in  diameter,  in  ea*'h  of  which  a  disk 
of  tilter-paper  is  plaet^L  They  are  then  set  aside  in  the  dark  and 
left  over  night.  The  disks  are  then  rejnov^'d  and  washtHl  in  fresh 
water.  If  annatto  is  pn^ent,  ihey  will  hav4^  aeijuirefl  a  eolnr  varying  in 
<lepth  acauxling  to  the  amount  of  the  dxi^  in  the  siimjile.  One  disk  is 
iminerse<l  in  stannous  ehh>ride  sohition^  the  other  in  weak  sodium  car- 
bonate, and  then  dried  an<l  mountet!  on  a  wliite  eiird.  The  colors 
yiehkHl  by  a  sjM/eimeu  of  milk  to  wiii<'li  no  unnsiial  amount  of  the 
adulterant  hits  been  ad*le<l  are  shown  in   Plate  IV. 

CaraMel. — Pour  1  2o  to  250  cc.  of  the  snspecte<l  simjile  into  an  eipial 
volnme  uf  H-l  per  cent,  aleohol,  and  Hlter.  The  filtrate,  if  not  jn-rfn'tly 
chnir,  should  he  ivtnruiHl  am!  passe<l  through  nntil  it  is  tjuite  free  fn>ni 
turbidity.  Any  t^aramel  [*rcseut  will  be  in  solution  in  the  ah^oholic 
filtrate,  and  may  modify  considerably  its  eulor,  which  normally  i.* 
yellowish  or  gi"eenish  aeeonling  to  season,  tlie  latter  obtaining  in  spring 
and  summer.  To  100  ix-.  of  tin*  iill rate  add  2  ee,  of  sulntion  id"  !)asie 
acetate  uf  lend,  whic^fi  will  [precipitate  the  <'aiiuupl  tngethr'i'  with  any 
remaining  proteid>»  the  pn'^'ijiitate  showing  a  slight  bniwriish  color 
if  caramel  has  been  uscil  in  sufficient  amount  to  bring  about  the 
imfinived  api»eanine<^  whieh  t>  the  object  i*f  it.^  employment.  Filter, 
wash  with  distillcfl  water,  and  tlvy  in  au  air-bath.  Aceurdiug  us  the 
am<junt  of  caramel  present  is  large  or  small,  the  liorny  residue  un  the 
filter-[)ji|ier  will  have  a  more  or  less  de*p  elioc<*late  tinge.  The  residue 
yielde^l  l*y  a  pure  milk  will  Ik-  either  almost  colorless^  or  yellow,  or 
slightly  inchned  to  brownish,  but  not  to  chocolate  c^ilor.  The  af»]>ctir- 
ance  of  the  two  kinds  nf  rcsidne  is  sliowu  in  i*Iate  Y. 

Caramel  may  also  be  shr»wn  if  we  pnM'etd  according  tc»  the  second 
nicthml  described  i*or  the  detei'tion  of  annattij.  Tlie  enrtl,  alter  being 
freed  from  the  whey  mid  trituratc^l  with  ether,  gives  up  to  this  solvent 
only  fat  and  annatto.  If  ainuni4  av  anilins  are  pi*esr*nt»  i\w  cuid  will 
appeal*  brownish  in  the  one  ease  anil   more  or  less  intensely  yellow  in 
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the  other.  If  the  curd  is  now  shaken  with  hydrochloric  acid,  one 
of  the  following  changes  will  be  obser\'ed :  If  anilin-orauge  is  preeenty 
the  color  becomes  bright  pink  almost  immediately ;  with  caramel  it 
becomes  gradually  brownish  blue ;  if  neither  is  present,  the  change  t^ 
to  blue. 

Anilin-orange. — See  preceding  paragraph.     A  more  direct  method  i** 
proposed  by  Lythgoe.'     Place  15  w.  of  milk  in  a  porcelain  dish  ani 
add  about  the  same  volume  of  hydrochloric  acid  (specific  gravitj'  1.200).    y 
Agitate  gently,  to  bring  about  thorough  mixing  and  to  break  up  tbe^ 
resulting  curd  into  rather  coarse  lumps.     If  anilin-orange  is  present, 
the  curd  will  be  colored  pink;  if  none  is  present,  it  will  be  white  ''i* 
yellowish. 

Detection  of  Preservatives. — Borax  and  Boric  Acid.—  These  sub— 
stances  are  detected  easily  either  in  the  milk  itself  or  in  the  ash  aftet* 
ignition  of  the  residue.     In  the  latter  c»ase,  moisten  the  ash  with  tm^ 
drop  or  two  of  strong  sulphuric  acid,  and  after  a  few  minutes  add  3  <»r^ 
4  cc.  of  strong  alcohol.     Dip  a  strip  of  turmeric  paper  into  the  mixt — 
ure  and  allow  it  to  drj-  w  ithout  the  aid  of  heat.     In  the  presence  of 
either  of  the  substances  sought  for,  the  i)aper  will  have,  when  dry,  the- 
characteristic  red  color  due  to  boric  acid,  instead  of  the  yellow  color 
which  will  be  maintained  in  its  absence.     While  the  paper  is  drying, 
place  the  dish  in  a  dark  place  and  ignite  the  contained  alcohol.    If 
boric  acid  or  its  sodium  comixnind  is  present,  the  flame  will  show  at 
it«  outer  e<lge  a  (Jiaracteristic  grwnisli  coloration.     This  is  shown  most 
strongly  dirwtly  after  the  alcohol  is  ignited. 

In  the  original  milk,  the  test  may  be  made  in  the  following  manner: 
Mix  a  few  drops  of  the  milk  and  an  equal  amount  of  fresh  tincture 
of  turmeric  in  a  small  ]>orcelain  dish  and  evaporate  on  a  water-bath  to 
dr}^ness.  Moisten  the  surface  of  the  residue  with  dilute  hydrochloric 
acid,  and  dry  again.  If  either  of  the  substances  is  present,  the  residue 
will  be  light  j)ink  to  dnrk  red  in  color,  and  the  addition  of  a  drop  of 
ammonia-water  will  change  this  to  a  green  or  greenish  blue,  according 
to  the  amount  of  the  })reservative  present. 

Salicylic  Acid. — 1.  Coagulate  about  75  to  100  cc.  of  milk  with 
mercuric  nitrate  solution  or  hydrochloric  acid,  and  separate  the  whey 
by  filtration.  Shake  the  whey  with  ether,  decant  the  ether  into  a 
watch-glass,  and  allow  it  to  ovai)onite.  To  the  n^idue  on  the  watch- 
glass,  apply  a  drop  of  neutral  ferric  chloride.  If  salicylic  acid  is  pres- 
ent, \\\i\  characteristic  purple  coloration  is  produced.  2.  Mix  the  milk 
with  phosphoric  acid  and  strain  tlirough  cloth.  Place  the  liquid  in  a 
flask,  connect  with  a  condenser,  and  distil.  Test  the  distillate  with 
ferric  chloride  from  time  to  time.  Any  salicylic  acid  present  will  gt> 
over  with  the  stwini,  most  of  it  toward  the  end  <»f  the  operation. 

Formaldehyde. — Many  prowsses  for  the  det(»ction  of  this  substance 

in  milk  have  been  devised,  some  exc(^Mlinjrly  simple  and  others  quite 

<K)mpliaite<l.     Those  which  give  the  In'st  results  and  the  greatest  sati.s- 

faction  are,  on  the  whole,  those  which  are  the  simplest  in  application 

*  Report  of  Majwachusetts  State  Boanl  of  Health  for  1900,  p.  647. 
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aad  require  the  least  expenditure  of  time.  The  test  should  be  applied 
within  a  few  days  after  the  addition  of  the  preservative,  since  after  a 
time  it  cannot  be  detected. 

1.  Method  by  Decx)lorized  Fuchsine. — ^Through  a  solution  of 
fochsine  1  :  500  pass  a  current  of  sulphurous  acid  gas,  (obtained  by 
heating  copper  wire  or  foil  with  sulphuric  acidl  until  the  color  is  dis- 
charged. Preserve  in  a  glass-stoppered  bottle.  To  10  cc.  of  milk,  add 
1  CO.  of  the  reagent  and  let  stand  ten  minutes.  Add  2  cc.  of  strong 
hydrochloric  acid  and  shake  or  stir  briskly.  The  color  which  appears 
in  the  first  instance  is  discharged  completely  by  the  acid  if  no  formal- 
dehyde is  present ;  otherwise,  a  violet-blue  tinge  remains.  If  the  amount 
present  is  large,  the  end  color  will  be  corresjwndingly  intense.  This 
method  will  detect  the  iwlmixture  of  1  part  of  formalin  in  50,000  of 
milk.  If  the  milk  be  distilled  first,  and  the  first  jmrt  of  the  distillate 
treated  with  fuchsine  solution,  the  test  is  delicate  to  the  extent  of  re- 
vealing 1  part  in  500,000. 

2.  Method  by  Phix)roglucin. — Add  to  10  cc.  of  milk  in  a  test- 
tube  2  or  3  cc.  of  a  0.10  per  cent,  solution  of  phloroglucin  and  5  to 
10  drops  of  a  10  per  cent,  solution  of  sodium  hydrate,  and  shake.  In  the 
presence  of  formaldehyde  a  gradual  red  coloration  appears;  otherwise,  no 
snch  change  is  observed.  This  test  is  said  to  reveal  1  part  in  50,000, 
bnt  such  a  claim  appears,  according  to  the  experience  of  the  author  and 
^Jthers,  not  to  be  justified. 

3.  Method  by  Ferric  Chloride. — Mix  in  a  porcelain  dish  10 
<5<^-each  of  milk  and  hydrochloric  acid  (specific  gravity  1.200)  and  1  drop 
of  ferric  chloride  solution.  Heat  and  stir  vigorously.  If  formaldehyde 
^  been  added,  a  violet  color  will  appear  Ixifore  the  boiling-point  is 
'wched,  varying  in  intensity  according  to  the  amount  present.  This 
Fooess  is  exceedingly  delicate,  and  will  detect  1  part  in  500,000  in 
^  ftesh  condition. 

i.  Method  by  Ck>MMERCiAL  Sulphuric  Acid. — This  test  is  ex- 

<*ediiigly  delicate  and  very  easily  ai>pliod.     It  cannot  be   performed 

^hh  pure  sulphuric  acid,  since  the  presence  of  a  trace  of  iron  is  neccs- 

^\    If  one  desires  to  use  a  pure  acid  rather  than  the  ordinary  com- 

njercial  grade,  the  addition  of  a  very  small  amount  of  ferric  chloride 

Hill  be  sufBcient. 

Take  alwut  15  to  20  w.  of  milk  in  a  test-tube  and  |K)iir  about  5  cc. 
of  the  acid  gently  down  the  side  so  that  it  shall  ])nss  under,  rather  than 
mix  with,  the  milk.  I^t  stand  a  few  minutes,  and  then  note  the  color 
at  the  junction  of  the  two  liquids.  If  formalin  is  present,  even  in  the 
slightest  traces,  a  violet  coloration  ai)pears  at  the  line  of  junction.  In- 
asmuch as  jHire  milk  will  show  a  somewhat  purplish  color  when  in 
contact  with  strong  sulphuric  acid,  a  color  which  may  readily  be  mis- 
taken at  first  for  that  due  to  formaldehyde,  and  since  also  the  charring 
that  occurs  at  the  line  of  junction  will  often  obscure  the  reaction,  the 
process  as  originally  recommended  is  somewhat  faulty.  The  objections 
are  removed,  however,  by  diluting  the  strong  acid  with  wat<'r  so  that 
its  specific  gravity  is  reduced  from  1.840  to  1.700.     The  action  of  the 
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fitroii^tT  iieiJ  on  pure  milk  is  .slmwu  hi  Pliiti*  VI.,  Fig.  1,  niiirli  sIk 
tht!  dark  ct)k>r  Anv  to  (^hnmiig  and  the  purplisli  <h>Ii>i%  abcivc'  spokt^n  of, 
<liie  to  the  saiiK>  eiiiirt*\ 

In  Platc^  VL,  Fig.  2,  is  .shown  the  appoamnee  of  thf  line  of  jnncti<*n 
<jf  pnrc  milk  ami  the  dihited  aeid.  It  will  he  observed  that  the  oolor 
priMliic-ed  is  but  a  faint  yellow.  In  Plate  VL,  Fip^.  3  and  4,  are 
>hovvn  the  zones  prodnnnl  in  milk  enntaining  (onnakleliyde  in  the  pro- 
|iortion.s  of  1  ji^art  to  'i^^tKJO  and  1  t.»  5(^000  l>y  tlie  n^^  of  the  4lilijtiHl 
^*eid.  Ah  may  hv  inferRtl^  the  reaction  is  prothiewl  rather  more  slowly 
with  tlie  weiiker  arid.  It  is  best  to  all«*w  tlie  eontaet  to  fontmue  at 
leiist  an  honr  Ix-tVtre  imtini^  a  ne^pative  resnlt. 

5.  Luebert's^  MFmioD  by  Potassum  Silphate. — Place  o  |jnnns 
of  C4)arsely  |X)wdere<l  potHssinni  snlpluite  in  a  100  cc.  flask  and  dis- 
tribute over  it  o  ct',  of  milk  bv  metins  of  a  pi|x*ttc.  Then  pmr  eare- 
fiilly  down  the  Mide  of  the  flask  10  ee,  n{  snlpluirle  acid  (spc^cifie  gnivity 
1.840)j  and  allow  the  whole  to  stand  qnietly.  If  fonnaldehyde  is 
present,  a  violet  coloration  of  the  jMitassinm  sulphate  occurs  within 
a  few  niinutes,  rnul  gradually  diffuses  thnuigh  the  entire  li([uiiL 
If  none  is  present,  the  mixture  will  at  once  assume  a  bn^wn  i*<)lor, 
which  rapidly  ehange>  to  black,  Tliis  test  is  sensitive  to  1  part  in 
250,000. 

Ohromates. — Froidevaux*  reeomnu'nds  dissolving  tlie  ash  of  al>out 
10  ec.  of  milk  in  a  few  drops  of  water  aeidnlatf*<l  with  nitric  acid  and, 
after  nentralizuig  with  magnesimn  carlvonate^  aildio^  a  few  drops  of  tt^t- 
sohition  of  nitrate  of  silver,  wlierefiy  a  red  [>reeipitiite,  chroraate  c»f 
silver,  is  formtxl.  As  a  eontmi  test,  he  r(^*imnncuds  taking  up  another 
jx>rtion  of  a.sh  with  water  acidulated  with  sulphuric  aciil,  and  adding 
little  by  little  tinctiii'e  of  guaiaeum.  In  the  presence  of  ehroniatcs, 
an  intense  blue  color  is  jrrrHhn^iHb  which  disapi»ears  very  <piickly.  This 
priH-ess  will  detect  1  ]»art  in  7ii}^{\(n],  (Jueriu-*  claims  gn^ater  delicacy 
for  the  following  method  :  To  5  or  10  cc.  of  milk  a*hl  2  drops  of  a  1 
]>er  cent,  solution  of  sulphate  of  copper  and  2  or  *»  drops  of  treshly 
]n"e]ian^l  tincture  of  guaiacum.  Vurv  milk  gives  a  greenish  color,  while 
milk  containing  1  part  in  100,000  will  give  aii  intense  blue,  which 
reaches  its  max  in  urn  i  in  a  few  minutes. 

Methods  of  Distingnishmg  between  Raw  and  Cooked  MUk. — To 
determine  whether  ht  not  milk  has  het^n  cookc<b  Saul*  recommends  the 
addition  of  1  cc.  of  a  1  |icr  cent,  sttlution  (fresh)  of  ortol  (Ortrioraeth- 
ylarniuophcnol  sulf>hate)  to  10  cc.  of  tuilk,  aiul  then  1  drr^p  of  com- 
mercial livdrotren  juroxide  solution.  Haw  milk  deveh^ps  a  red  color 
almost  immt^bately,  but  milk  heiite<l  beyond  75^  C.  remains  unchanged* 

Du|Kiuy  ^  givt^s  the  follnwing  tests  : 

1.  fiuaiacul.  E<pial  vrvhimes  of  milk  and  a  1  per  cent,  solution  *»f 
guaiaeol  in  water  are  mixt»d  and  then  treatinl  with   hydrogen   j>eroxide. 

*  Joiimsil  of  the  Anicriwm  Chi^mMiil  Smiely,  September,  19()1^  ]k  (>h2. 

*  Joumtil  de  PharmnHf  ei  dv  ("lii'inie.  IHHli,  p,  155. 

*  Chemiker  Zeitii«K,  imi,  (^  174. 

*  Unikh  Medical  Jonrtial.  Marrti  21  imX^ 

*  Journal  de  I*liarmncie  et  tie  Chcmie,  1897j  p.  397. 
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Fig.    1.      Coloration    Produced   \>y  Concentrated   Sulphuric    Acid,  Sp.  Gr.  1.840,  in 

Contact  with    Pure    Milk. 
Fig.   2.      Coloration     Produced    by    Sulphuric     Acid    of    Sp.    Gr.    1.700    in    Contact 

with    Pure    Milk. 
Fig.  8.      Coloration     Produced     by    Sulphuric     Acid    of    Sp.    Gr.    1.700    in    Contact 

with    Milk    Containing    1    Part    of    Formaldehyde    in    25,000. 
Fig.   -4.      Coloration     Produced     by    Sulphuric    Acid    of    Sp.    Gr.    1.700    in    Contact 

with    Milk    Containing    1    Part   of    Formaldehyde    in    50.000. 
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The  imraediate  prtKluctitm  uf  a  yellow  vtih*r  nidicak*s  that  the  .sjjecimen 
hiL<  not  bec'o  IwnlHL 

2.  HydruqiLiiiiom'.  Thret'  ei'.  of  milk  are  niixtnl  with  I  ee.  of  a 
fresh  in  p(»r  ceirL  a^uo<»us  .solution  of  liydrfKiiniione  and  15  dn>ps  of 
hydrogen  jieroxidr.      If  the  milk  han  not  l>een  biiled,  a  rose  coltn-  iiii- 

!diat(»lv  apjx-ars,  and  ]n  a  lew  niinutrs  j^reen   crystals  lire  deposlt4L»iL 

3.  Pvrocatechin.  Etjual  v<»lum*^  iif  raw  milk  and  aii  aqutHKis  lU 
per  cent,  .s4>lutioii  of  pyromteeliiii  are  hrciiight  tr»gcthcr  and  treated 
mth  bydrogL*n  pemxide.  With  raw  milk  a  yellowish-brown  rolor  is 
piTxIueetl ;  with  hoik^l  milk  n«)  eolor  appt!iirs. 

4.  «-Xaphthol,  R;xw  milk  gives  with  an  a<[Owns  solution  of 
/z-naphthol  and  hydrogen  |KToxide  a  vioh-t-ldne  eolor.  Boiletl  milk 
gives  none. 

Storeh*^  methijd '  is  as  fnllows  :  To  H*  ee.  of  in  ilk »  adil  !  drop  of  a 
0/2  per  tient*  sohitirm  of  hydrogen  [x*roxide  nnd  2  dnips  of  a  2  [ler 
cent.  f*olotion  of  ji-pheuylcueilianiiii  ami  shake  violently.  If  the  milk 
hai?  not  Ijee-ii  heated  to  IH'^  (J.  (172.4°  F.),  an  immediate  blue  color 
will  apix^ir;  if  it  has  l>et^n  hettted  to  H0°  C.  (178°  F.),  the  blue  eolor 
appears  in  about  a  half  minnte  ;  and  if  it  haj4  been  heated  higher  than 
thii?,  the  blue  will  not  apix^ir  at  all.  Sour  milk  shonld  be  neutral iztnl 
with  lime-water.  Fornialdehytle  [»re vents  tlie  ehange  to  blui',  l>nt 
jierraits  the  oceurrenee  i»f  a  faint  red.  The  p^phenylenediamin  solution 
keep;*,  in  dark  glass,  al)ont  two  months. 

Ikmstein-  pr(*i>oses  the  following:  To  ^lO  re.  of  milk,  add  4.0  cc. 
of  nnrmal  aeetie  aeid»  shake  gently  niitil  cnugulatioii  rKTurs,  mid  filter. 
Heat  the  filtrate.  If  the  milk  has  not  Imk^u  jKisteurized,  a  liejivv  pi-e- 
ripitale  of  laetalbumin  will  forni.  The  higher  the  milk  has  ba'U 
heate-^l,  up  in  i^n^  C.  (11)4^  F.),  the  smaller  will  be  the  jinH-ipitate  ; 
and  if  it  lias  Invn  lieated  beyond  this,  no  precipitate  n\  a\\  will 
form. 

Detection  of  Gelatin  in  Cream. — ^For  the  dL-tfction  of  gtdatin  in 
f-jTam,  to  whiilj  it  sumetinies  is  adrled  to  give  it  b<wlv,  Sttjkes  ^  rec*om- 
tnentls  ihr  t*»lifiwing  pnMHHlnre:  I)iss*ilve  a  ipiautitv  i»f  nien'nrv  in 
twice  its  wt^ght  ni^  strong  nitric  acid  (spccifit-  gravity  1.42^);  dilntc 
with  water  to  2o  times  its  bulk.  To  nintut  10  ec.  of  this  sohitiim  add 
a  like  quantity  of  ihc  ci-esim  and  alnHit  20  ec  of  cold  water.  Shake 
the  mixtuii*  vipirously,  let  stsnid  for  five  niinntes,  then  filter.  If 
much  gelatin  be  present,  it  will  be  iiii|iossil>lc  Uf  get  a  clein'  filtrate. 
To  the  filtrate,  or  to  a  jKjrtion  nf  it,  add  an  ecjual  bulk  of  u  satui'!ite<l 
aquefHKS  st»lutifMi  of  pierie  aei<l.  If  gelatin  be  |irescut,  a  vellow  pre- 
cipitate will  imnu'iliately  be  priMiuei'd.  The  whnle  o|K*ration  is  jiedbrme<l 
in  the  eold,  and  if  the  mercury  soltiti«Hi  is  mirly,  the  test  will  nut  take 
raore  tliau  ten  ndnntes.  Picric  acid  will  sliuw  the  prescniH'  (*f  i  part 
of  gelatiu  in  10,000  |jarts  ni'  water. 

'  ZeitHt'hiift  ftir  Unti'i^Mrloujir  ^1*'^  XahiMri^-  i»iiil  <TeiiLLHHiiutteI,  11*01,  p.  898. 
•Zeit-^chrift  fur  Klei^K-li-  uml  Mil('llb.v{.'it•lH^  VMK  p.  80. 
•  The  Annlys*!,  Dwjember,  1897. 
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BUTTER. 


This  valuable  milk  product  is  the  result  of  violent  agitation  of  cream 
until  its  fat  coalesces  into  granular  ])articles,  which  are  then  separata! 
from  the  residual  buttermilk,  "  worked ''  to  expel  as  much  of  the  latter 
a.s  possible,  and,  with  or  without  the  addition  of  salt  and  coloring  mat- 
ter, formed  into  "  prints  "  or  "  pats,''  or  ])acked  in  bulk  in  boxes  and 
lirkins.  Its  natural  color  varies  with  the  season,  the  so-c"alled  June 
butter,  made  when  the  cows  from  whose  milk  it  is  produced  are  feeding 
on  ^rea^^^  lx*ing  bright  yellow,  while  that  made  when  they  are  stalled, 
and  fed  on  hay  and  other  winter  feed,  being  almost  white.  The  popu- 
lar demand  being  for  a  yellow  article  the  year  round,  it  is  customary 
to  secure  this  color  out  of  season  by  the  addition  of  annatto  and  other 
hannless  vegetable  coloring  agents,  the  use  of  which  has  almost  uni- 
versally the  sanction  of  law. 

The  flavor  is  influenced  much  by  the  character  of  the  feed,  by  the 
care  exercised  in  manufacture,  by  the  amount  of  added  salt,  by  age, 
and  by  the  conditions  of  storage.  Like  milk,  it  absorbs  odors  ven" 
readily,  lx)th  those  which  improve  and  those  which  impair  its  flavor. 
Taking  advantage  of  this  fact,  it  is  the  custom  in  the  valley  of  the  Var 
and  in  some  other  localities  to  place  the  freshly  made  product  in  prox- 
imity to  jasmine,  violets,  tulx?roses,  and  other  flowering  plants,  in  order 
that  their  fragrance  may  be  absorbed.  This  practice  is  known  as 
"cnfleuragt\"  The  most  delicately  flavonni  butter  under  natural  con- 
ditions is  that  to  which  no  salt  has  been  added,  but  it  has  the  disad- 
vantage that  within  a  short  time  it  acquires  a  "  cheesy  "  flavor,  due  to 
decomposition  processes.  Owing  to  its  lack  of  keeping  qualities  and 
to  the  \QV\  general  [)reforen(»e  for  a  more  j)ronounced  taste,  the  addi- 
tion of  sidt  in  varying  amounts  is  the  nde.  Butter  of  good  quality 
has  but  slight  (xlor,  but  that  which  has  undergone  the  common  changes 
due  to  bacterial  action  has  the  characteristic  odor  and  taste  of  rancidity. 
This  is  due  to  d(»com|K)sition  of  the  small  amount  of  curd  which  is  en- 
tiingknl  in  the  making,  and  which  cannot  wholly  be  excluded.  The  fat 
itself,  when  se])arat(»<l  from  the  cunl  by  melting,  keeps  unchanged  for 
long  jXTifKls.  In  rancid  butter,  butyric  and  other  acids  are  liberated, 
and  otiiers,  as  formic,  are  foruKMl  by  absorption  of  oxygen.  Under 
some  unusual  (M)nditions  not  wholly  understood,  butter,  without  becom- 
ing rancid  in  the  usual  sense,  undcrg<K's  a  change  to  a  perfectly  white 
substance  with  a  marked  tallowy  (nlor. 

Butter  varies  considerably  in  composition,  but  a  fair  average  may  be 
stated  as  follows  : 

Fat 84.00 

Water 12.00 

Cui-a 1.00 

Salts 2.50 

I^oti^s**      0.50 

It  may  be  made  to  contain  a  much  higher  jHTcentage  of  water,  with 
correspondingly  less  fat. 
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The  fat  is  composed  of  glycerides  of  two  groups  of  fatty  acids,  which 
have  been  mentioned  in  the  description  of  milk.  Those  of  the  in- 
i^oluble  non-volatile  acids,  oleic,  stearic,  and  palmitic,  constitute  alK)ut 
92.25  per  cent  of  the  whole ;  and  those  of  the  soluble  volatile  acids, 
butyric,  caproic,  caprylic,  and  capric,  make  up  the  remainder.  It  is 
to  the  second  group  that  butter  owes  its  distinctive  flavor. 

The  amount  of  water  depends  largely  ujx)n  the  thoroughness  with 
which  the  buttermilk  is  worked  out.  In  order  that  more  water  may 
l>e  held,  and  thus  a  greater  profit  realized,  some  makers  employ  gelatin 
OA  an  adulterant.  One  gram  of  this  substance  will  take  up  about  10 
^rams  of  water,  and,  when  mixed  with  butter  in  the  right  pro{K)r- 
ti«>n,  will  hold  water  in  the  above  ratio  without  affecting  the  consistence 
injuriously.  Others  employ  glucose  both  for  this  puqwse  and  as  a 
pre!*ervative. 

The  salts  include  those  natural  to  milk  and  those  added  for  the  pre- 
vention of  rapid  decomposition.  The  usual  addition  is  common  salt, 
but  the  use  of  boric  acid  and  borax  is  extending  gmdually. 

Apart  from  the  use  of  preservatives  and  of  jigents  to  assist  in  retain- 
ing water,  butter  is  not  much  subject  to  adulteration,  excepting  in  the 
senile  that  substitution  of  an  article  of  less  value  when  butter  is  called 
for  is  a  form  of  adulteration.  This  substitute  is  known  variously  as 
iirtiKcial  butter,  butterine,  oleomargjirine,  and  margjirine.  Under  the 
I'nitetl  States  statutes,  all  butter  or  substitutes  therefor  made  to 
resemble  it,  containing  fats  other  than  cream,  shall  be  known  as  oleo- 
margarine. 

Following  the  original  process,  oleomargarine  is  made  fn)m  fresh 
lK*ef  suet,  which,  after  being  cooled,  washwl,  and  cut  into  verj'  fine 
pieces  by  machinery',  is  subjected  to  a  tempemture  of  about  110°  V. 
for  several  hours,  in  order  to  sepanite  the  fut  from  the  tissue.  It  is 
then  drawn  off  and  kept  for  a  time  at  80°  to  J>()°  F.,  at  which  tem- 
(K'rature  the  stearin  solidifies,  and  then  is  separated  bv  i>ressure  fn>m 
the  "oleo-oil."  The  latter  is  churned  with  milk  or  with  milk  and  gi'n- 
uine  butter,  coIohmI  with  annatto,  and  otherwise  trcjited  like  butter. 
At  the  present  time,  oleomargjirine  is  made  not  alone  from  beef  su(»t, 
but  to  a  much  greatiT  extent  from  "  nentnd  lard,"  a  pnxluct  of  l(»af 
lanl.  Cott4)n-seed  oil  is  used  to  some  extent,  but  naturally  it  is  not  S4) 
well  adaptinl  to  the  purpose  as  the  solid  fats. 

Oleomargarine  has  b(»en  misrepresented  to  the  i)ul)lic  to  a  great<»r 
extent  probably  than  any  other  article  of  food.  From  the  time  of  its 
first  ap|)eardnee  in  the  market  as  a  competitor  of  butter,  tliere  has  b('<'n 
a  constant  attempt  to  create  and  foster  a  prejudice  agjiinst  it  as  an 
unwholesome  article  made  from  unclean  refuse  of  various  kinds,  a 
vehicle  for  disease  germs,  and  a  disseminator  of  tapeworms  and  other 
unwelcome  parasites.  It  has  Imhmi  said  to  \w  made  fn>m  sonp  greas*, 
fn>m  the  carcaKses  of  animals  dead  of  disclose,  from  grease  extnicted 
fn)m  sewer  sludge,  and  from  a  varii»ty  of  other  articles  (^quidly  unadapt<'d 
to  its  manufacture.  The  publication  of  a  gr<'at  mass  of  untruth  cannot 
fail  to  have  at  least  a  part  of  its  dcjsircnl  eff(»ct,  not  solely  on  the  minds 
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of  the  ignorant,  but  even  on  those  of  persons  of  more  than  avenge 
intelligence.  So  a  prejudice  was  created  against  this  valuable  foyd 
product,  but  it  is  becoming  gradually  less  pronounced. 

The  truth  concerning  oleomargarine  is  that  it  is  made  only  from  the 
cleanest  materials  in  the  cleanest  |)ossible  manner ;  that  it  is  equally  as 
wholesome  as  butter ;  and  that  when  sold  for  what  it   is  and  at  fe 
pn)i>er  ])ricc  it  brings  into  the  dietary  of  those  who  cannot  affonl  tW 
better  grades  of  butter  an  important  fat  food  much  superior  in  flavor 
and  keejMng  property  to  the  cheaper  grades  of  butter,  which  bring* 
higher  price.     Oleomargarine  cannot  be  made  from  rancid  fat,  and  in  it* 
manufacture  great  care  must  be  exercised  to  exclude  any  material  hoW" 
ever  slightly  tainted. 

Oleomargarine  is  not  and  cannot  be  made  from  fats  having  a  markeJ^ 
or  distim^tive  taste,  and  its  flavor  is  derived  wholly  from  the  milk  o^^ 
genuine  butter  emi)loyed  in  its  manufacture.     It  contains,  as  a  rule^-.^ 
less  water  than  does  genuine  butter,  and  consequently  any  difference  vm 
fcHxl  value  is  in   its  favor.     It  undergoes  decomposition  much  mort"?^ 
slowly,  jmd,  indeed,  may  be  kept  many  months  without  becoming  ranekl. 
Much  has  been  said  concerning  its  digestibility,  and  alarmists  have  gone 
so  far  as  to  claim  that  it  is  very  indigestible,  and  likely  to  prove  a  pro- 
lific cause  of  dys|)epsia,  quite  forgetting  that  the  materials  from  which 
it  is  ma<le  have  held  a  place  in  the  dietaries  of  all  civilized  peoples  since 
long  before  butter  was  jiromoted  fn)m  its  position  as  an  ointment  to  that 
of  an  article  of  food.    Many  (^mptirative  studies  have  been  made  on  this 
|X)int,  and  the  results  in  general  have  shown  that  there  is  little  if  any 
diiforence.     H.  J^iihrig  ^  has  proved  by  careful  experiment  that  the 
two  are  to  all  intents  and  purposes  exjictly  alike  in  point  of  digesti- 
bility. 

Oleomargjirine  has  been  the  snbjwt  of  a  vast  amount  of  restrictive 
lc»gislation  wherever  it  is  made  or  sold.  This  has  been  pa.ssed  in  the 
interest  of  dairymen  and  bi^cause  of  the  ease  with  which  it  may  lie 
sold  fraudulently  as  butter  at  butter  pria^s.  To  the  practice  of  fraud 
in  its  retail  sale,  is  due  very  larg(»ly  the  passage  of  prohibitive  laws, 
many  of  which,  however,  have  been  declared  unconstitutional.  In 
Massachusetts,  for  example,  it  had  at  one  time  a  \Qry  large  sale,  and  in 
the  city  of  Boston  alon(»  were  nearly  '200  licensed  dealers.  But  the 
imount  of  fraudulent  dealing  was  so  great  that  the  I^islature  passed 
\\\  act  prohibiting  its  sale  if  it  contained  any  ingredient  causing  it  to 
!<K>k  lik(»  butter ;  in  other  words,  no  annatto  or  other  substance  whi<*h 
would  cause  it  to  be  yellow  could  be  used  in  its  manufacture.  Since  its 
natural  (M)lor  is  almost  white,  and  since  white  butter  does  not  appeal  to 
the  eye,  the  result  was  practically  the  withdrawal  of  the  article  from 
opcMi  sile. 

In  Germany,  on  account  of  fraudulent  practices  in  the  adulteration 
\>f  butter  with  oleomargarine,  th(»  government  passed,  in  1897,  a  statute 
requiring  the  latter  to  contain  10  per  cent,  of  oil  of  sesame,  so  that  any 
subsequent  admixture  with   l)utt(»r   may  readily  be  detected  by  Bau- 

^  Zeitsohrift  fiir  rntei-suchung  der  Xah rungs-  uiul  (leniLssraittel,  June,  1899,  p.  484. 
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douin's  reaction.     This  is  a  red  colonition  brought  about  when  oil  of 

I    fleeame,  furfurol,  and  hydrochloric  acid  are  brought  together ;  and  it  is 

f    sufficiently  delicate  to  show  the  adulteration  of  butter  with   2.5   per 

cent,  of  oleomargarine  conUiining  the  oil   in    the   proportion  stated. 

Experiment  ha,s  shown  that  butter  made  from  the  milk  of  cows  fed  on 

}«ftiame  does  not  yield  the  reaction,  but  the  fat  of  the  milk  of  goats  ftnl 

I   pjirtly  on  sesame  has  been  found  to  give  it. 

I       The  principal  chemical  difference  between  butter  and  oleomargarine 

lies  in  the  relative  amounts  of  glycerides  of  the  soluble  and  insoluble 

&tty  acids.     Genuine  butter-fat  contains  neiirly  8  per  cent,  of  butyrin, 

eiproin,  caprin,  and  caprylin,  while  the  artificial  product  contains  these 

glycerides  only  as  they  are  introduced  in  the  amount  of  milk  or  butter 

with  which  it  is  churned,  for  they  are  not  present  in  suet,  lard,  and 

other  animal  fats. 

Of  late  years,  high-grade  butter  has  found  another  formidable  a)m- 
petitor  in  what  is  known  variously  as  renovated  butter,  process  butter, 
and  hash  butter.  The  material  from  which  this  is  made  is  gathennl 
from  dairies  scattered  over  a  wide  expanse  of  country,  and  differs 
widely  in  color,  texture,  age,  and  flavor.  It  Is  melted,  purified  of  it8 
rancidity  by  washing,  given  the  desired  yellow  color,  and  rechurned. 

Butter  as  a  Oarrier  of  Disease. — Since  milk  is  known  to  be  a  c^ir- 
rier  of  the  gernLs  of  certain  diseases  under  some  conditions,  the  possi- 
bility that  butter  may  act  in  the  same  way  suggests  itself,  and  the  more 
i^trongly  since,  in  ordinary  creaming  of  milk,  all  but  a  very  small  pro- 
portion of  the  bacteria  rise  with  the  cream.  Ordinary  butter  contains, 
millions  of  bacteria  to  the  gram,  but  whether  the  pathogenic  forms  «in 
Jong  survive  has  not  been  investigated  very  extensively,  except  in  the 
^«-*«  of  the  bacillus  of  tuberculosis.  The  bacteria  of  cholera  and 
tj'phoid  fever  have  been  known  to  survive  several  days  after  being 
plantal  in  butter,  but  beyond  this  we  have  little  knowledge. 

firusaferro,  in  1891,  produced  tuberculosis  in  a  rabbit  through  the 
injection  of  butter  made  from  the  milk  of  a  cow  with  a  tuberculous 
udder.     Roth,  in  1894,  got  similar  results,  and  found,  moreover,  that 
i  out  of  20  market  sjimpUis  of  butter  uschI  by  him  yielded  jx)sitive  re- 
suits.     Schuchardt  got  negative  results  from  42  Siimples,  while  Oher- 
ffiuller  found  the  bacillus  in  every  siimple  of  Berlin  butter  used  in  h\< 
first  series  of  exj)eriments.     Dr.  Lydia   Kabinowitseh '  examined   S(^ 
samples  obtained  partly  in  Berlin  an<l  partly  in  Philadelphia,  and  found 
irenuine   tul)ercle   bacilli   in   not  a  singk*  instance.     She  did,  however^ 
find  a  spurioas  orgjinism,  which  produced  in  guinea-pigs  (changes  whi<*li 
reqiiireil  very  careful   examination   for  the  determination  of  its  non- 
tuberculous    chanicter.       It    was    present    in    28.7    per    cent,    of  tlir 
<«unples.      Petri*  fimnd  it  in  .*^7.2   per  (rent.,  the  genuine  bacillus  in 
32.4  per  cent.,  and   neither  the  one  nor  the  otluT  in  ;^0.4  per  (!ent. 
Obennuller,*  using  salted  butter  in  a  sirond  series,  determined  that  the 

'  Zeitflchrift  fiir  Hygiene  und  Infectionskninklieiten,  XXVI.,  p.  90. 

•  Arbeiten  aus  dem  kaiHerlichen  (TeHuiidheit^aiiite,  1898,  p.  27. 

•  HjgieniHche  Rundschau,  1899,  No.  2. 
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injection  of  the  butter-fiit  itself  iiitriKlurtHl  a  omiae  of  irritation,  himI 
iistnlj  therefniv,  in  Iiis  next  set  the  waterv  Hnid  seiwirattHl  from  the 
hutter  by  he^it  and  centrifiigntiijn.  Fimr  samjjh's  out  of  10  from  the 
-siune  ivijyrt'e  as?  his  tir.st  h>t  giive  undonbtetl  i^vitk^nee  of  the  |»r<.^8en(X^  of 
genuine  tubercle  biu'illi.  Otto  Korii  ^  found  them  in  23,5  (x*r  eent.  of 
Hiimples  purchased  in  Freiburg,  and  Dr.  (\  i\\ix^\^  in  ^udy  2  nut  of  100 
samples  purchased  in  iMilan,  tlioiiirh  in  a  niindK'i*  of  theiu  the  .spurious 
orgiuiism  was  present,  Morgenroth'-  has  >ubji<^t*nl  iile<»margarine  to  a 
similar  investigation,  since  milk  is  Uf^ed  m  its  mannfactuJ*e,  and  has  re- 
jKirted  ]i4)sitive  results  from  !>  out  of  20  samples.  Annett  *  examined 
2S  samples  uf  (»leomar|irtinne  (15  t'lTini  Berlin  and  13  from  Liverptvol)* 
and  il>und  virulent  tuljcrclc  bacilli  in  only  1. 

We  have  ti<  yet  no  evideuee  whatever  that  tuberculosis  has  ever  been 
s[>rea<l  through  the  ao^ency  of  butter,  but  the  subject  desc^rvcs  mo£«t 
t honghtful  con^itlenition. 

Analysis  of  Butterp — Ordiuaiily,  tlic  exanunation  of  Inittcr  is  lim- 
ited to  the  determination  of  whether  or  not  it  is  mixed  with  or  rcphicetl 
by  iilctmiargarine^  but  lor  tlie  determination  of  its  f<»od  value  it  is 
ueiTssiuT  to  asetitain  the  pro|Miitions  of  tat  and  water.  It  is  simie- 
tiuies  of  interest  als<i  to  ili-tcrmine  the  amoinit  of  salt  ami  the  presem*e 
oi'  other  pnservativi's. 

Determination  of  Water. — Weigh  a  gnmi  or  two  of  the  sanijvlc  into  a 
|ilatinum  dish,  such  as  is  used  in  the  analysis  of  milk,  and  dry  to  eon- 
-taut  vvciglit  on  a  water- bath. 

Determination  of  Fat. —  Extrai^t  the  rej^idue  tnan  the  preceding  de- 
termination with  ether  or  freshly  disti  11(^1  naphtha,  being  careful  not  to 
remove  any  <>f  the  pirtieles  fd*  cunl  or  salt.  The  proecss  of  extraction 
is  very  simf)le,  e*aisisting  in  iilling  the  dish  atM>ut  half  full  of  tlie  S4»l- 
V(M)t  and  after  a  short  time  deeanting  it  eareiidly  into  nnotlier  vessel, 
and  re|jeating  the  fiperatinu  until  nothing  i^  extraek'd.  The  n^Ivent, 
or  an  alicpiot  pirt  thcre<^f,  may  be  evajwiratKl  in  a  weighed  l>eaker,  or 
the  dish  may  again  l>c  lieatcd  to  a  constant  weight  and  the  fat  dcter- 
miiK^l  l>v  diHercnii'.  The  residue  now  rt*(uvstvnts  the  cnrtl,  lactose,  and 
ndueral  matters. 

Determiiiatioii  of  Salt,  etc, — Ignite  this  residue  at  a.^  low  a  tempera- 
ture as  pr>ssible,  and  thus  burn  otf  the  tiLsein  and  lactose.  Their  com- 
bined weight  is  aseertaincil  by  \\eig!iing  the  dish  anew.  Wliat  now 
remains  in  the  dish  is  mineral  matter,  cfimprising  the  salts  natund  to 
nulk  and  those  adch'd.  ( Vnruotju  salt  may  \»-  dctcrmimMl  by  treating 
the  tinal  residue  with  water  aciduiatcnl  with  nitric  acid,  and  titrathig  in 
the  usual  way  with  stantlanl  solution  of  silver  nitrate,  using  potassium 
ehromate  as  an  indieator, 

Anotlier  metlKMl  of  determining  salt  is  as  follows:  Shake  a  known 
weight,  5—10  grams,  of  the  sample  with  liot  water  in  a  stc^pjxn^ed  8ep- 

*  Art^iiv  fiir  Hyiriene,  XXX VLj  p.  ^7. 

*  CtNUfiJile  dellii  R.  SociPtH  italiutm  d'iKii*ne,  JuIVt  IHOy,  [>,  289. 
'  llv^uiiisctu*  KiirKjM'tuitu  IS^MJ,  No.  21. 

*  Tfie  L^neel,  Jiinuary  2t*,  VMHh 
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trating  funnel  until  it  is  melted  eoiupletely,  let  stand  until  the  fat 
ptiherB  on  the  surface  of  the  water,  and  then  draw  oif  the  latter  through 
the  stopcock.  Repeat  the  o|)eration  with  successive  jwrtions  of  about 
20-25  cc.  of  hot  water  until  a  few  drops  of  the  washings,  tested  with 
Mlver  nitrate,  fail  to  show  a  cloudiness,  due  to  silver  chloride.  Allow 
the  combined  washings  to  cool,  and  then,  in  an  aliquot  |)ortion,  deter- 
mine the  chlorine  by  standard  silver  nitrate  solution  in  the  usual  way. 
Detennination  of  the  Nature  of  the  Fat. — To  determine  whether  or 
uot  a  sjiecimen  is  or  contains  oleomargarine,  an  examination  of  the 
nature  of  the  fat  is  ne(?essary.  As  has  been  pointed  out,  genuine  butter 
contains  a  considenil>le  amount  of  volatile  fatty  acids,  while  the  artifi- 
cial product  contains  very  little ;  but,  on  the  other  hand,  the  genuine 
article  k  correspondingly  poorer  in  the  insoluble  non-volatile  fatty 
acids.  It  is  u|)on  these  differences  in  the  two  kinds  of  fat  that  the 
determination  of  the  qucistion  of  genuineness  <lei>ends.  The  usual 
examination  is  limited  to  the  determination  of  the  volatile  fatty  acids 
in  a  given  weight  of  the  melted  fat  freiKl  from  water,  curd,  and  salt. 
The  fat  is  saponified,  the  resulting  soap  is  dissolved  in  water  and  then 
decompiled  by  means  of  sulphuric  acid,  and  the  volatile  fatty  acids, 
thus  freed  from  coml)ination,  are  then  distillcnl  over,  and  their  amount 
fc^timated  by  means  of  decinormal  s<Klium  hydrate.  Five  grams  of 
Jjenuine  butter-fat  will  yield  an  amount  which  will  require  at  least  24 
«'.  of  the  alkali  for  complete  neutralization,  while  an  equal  weight  of 
oltt)niargarine  yields  so  small  an  amount  that,  as  a  rule,  less  than  1  cc. 
i"  required.  Mixtures  give  results  between  these  limits,  and  from  them 
<»«e  can  estimate  approximately  the  proporticm  of  butter  present. 

Process. — Heat  a  small  piece  of  the  sample  on  a  water-bath  in  a 
Miitable  beaker  until  it  is  melted  completely,  and  the  contained  water, 
salt,  and  cunl  have  collected  at  the  bottom.  Dec^mt  a  sufficient  amount 
of  the  sui)ematant  fat  into  a  dry  filter  and  allow  it  to  pass  into  a  shal- 
low beaker.  When  about  10  grams  have  becMi  eollwtiKl,  placn*  the 
l»«iker  in  a  Imsin  containing  water  and  ice,  and  allow  the  fat  to  become 
hiird.  Place?  a  small  filter  pa|)er  on  one  of  the  pans  of  the  balance*  and 
<^iunterbalanw  it  exactly  with  weights  on  the*  other.  Then  weigh  out 
as  rapidly  as  p)ssible  2.5  grams  of  the  fat,  transferring  it  to  the  ])a]H^r 
by  means  of  a  s|)atula.  Place  the  paj>er  and  fat  in  a  300  ec\  Erlen- 
meyer  flask,  add  10  cc.  of  a  20  ]ht  rent,  solution  of  caustic  potash  in 
70  per  cent.  al(u>hol,  and  then  place  tin*  flask  on  a  water-bath.  In  a 
>hort  time,  esjR»<'ially  with  gentle  rotation  of  the  flask,  the  fat  becomes 
cNimpletely  sapcmificnl.  Continue  the  heat  until  the  alcohol  is  expelled, 
and  remove  the  last  traces  of  the  vapor  by  blowing  into  the  flask  with 
a  bellows  or  l)y  swinging  it  in  the  air.  Add  oO  c»e.  of  hot  water,  and 
when  the  soap  is  brought  completely  into  solution,  add  2o  cc.  of  10 
per  cent,  sulphuric  acid.  The  latter  brcjiks  uj)  the  soap,  setting  free 
both  the  Sf)luble  and  insoluble  fatty  acids,  the  latter  in  the  form  of 
curds.  Connect  the  flask  with  a  Liebig  condenser,  after  introducing 
several  pieces  of  pumice  stone  to  prevent  bumping,  and  then,  with  the 
flask  supported  on  a  square  of  wire  netting  over  a  Bunsen  lamp,  distil 
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jsltjwiy  until  /)0  is\  have  Ixeeii  tollct^tiMl,  TitiTtte  the  distiHiite  with 
dwiiurrnitil  s^nliuni  hydnite,  u.^ihig  }>heiinlphthu]tnii  aw  an  iiidh^ator. 
With  the  uTiHMint  uf  iiit  tiikeii^  at  least  12  ee.  of  t!ie  alkali  will  1>e 
reiiuin^tl   fur  iieutraliKatiHU,   if  the  s|>eeinien   is  genuine  butter. 

Many  analysts  [irefer  tn  enjpluy  o  gnniis  fjf  fat  and  eon-^'spdodiugly 
larger  volumes  of  water,  and  to  distill  1 10  ee.,  \vheri'(*f  ]Ui\  i^  titrated* 
S*nie  prefer  als^f  to  earrv  oii  tlu'  process  of  siipiHiitieatioD  in  a  round* 
iMittoaiiHl  Hask  inidi'r  pressure.  Sjuie  measure  tlie  tiuid  fat  dhx'rtly  iiiti^ 
a  weighed  Hask  i'niin  a  pi|M'tti\  and  an-ertain  tbe  jyiiuunt  taken  hy  re- 
woighing  after  the  liit  has  eooh^tl  and  H»lidtlied.  The  sajwuiifymg  agent 
is  applied  in  dilTeivnt  forms,  an<l  iniuiy  other  variations  in  <letail  are 
rwonuneiided,  hnt  tlie  eial  result  is  j>raetieidly  t!ie  samt^  The  proeess 
desrrllMHi  lias  heen  foimd  in  the  exjierienee  of  the  author  to  l>e  most 
satisfaet«iry. 

The  Leifmann-Jfeim  process  has  much  to  reeonimend  it,  |>artieiilarly 
ill  the  siiving  of  tinje.  The  saponifying  ageixt  is  ]ire}mred  l>y  mixing 
20  tv.  of '>l^  per  eent.  eaustie  soda  sohihon  aiul  ISIJ  rr.  of  pure  eoneeii- 
tratinl  gly(*(  riiL  To  5  grams  of  fat  in  an  Erk-nmeyiT  Hask  adil  20  &\ 
of  this  sulution,  and  tiieii  laat  i^ve^r  a  Bnnsen  flame  until  saponiiitation 
IB  romplete.  This  rwjuin^s  hut  a  few  minutes  ;  the  eonipletion  of  the 
prc»ce8s  is  whowii  by  tlte  elear  c'timlition  ot'  the  mix  tin  v.  The  soap  is 
diluted  with  18^)  rr.  of  Ixiilnl  water,  addi^l  lU  iirst  in  \vvy  snmll  amounts 
to  prevent  fijaming.  Then  5  ee,  of  dilute  sulphnrie  aeid  (200  ce.  in 
1000)  are  added,  and  the  prepanitiim  is  re^nly  for  inmmliate  distilla- 
tion, Bistil  110  ee.,  miit  thorougldy,  and  pass  tlmmgh  ii  dr\*  filter, 
titrate  100  <r,,  and  to  the  result  add  -^\  for  (lie  remaining  10  ee. 

If  one  wishes  to  deterniine  theanionnt  of  insolnlile  tally  aeids,  it  may 
Im?  df»ne  in  the  following  manner,  hut  it  should  Ix-  said  that  the  pnxN?s*i 
refjuires  mueh  more  time,  jind  that  the  results  are  not  always  jiatisfae- 
torv,  si  nee  the  up|H'r  limit  in  tlie  cust*  of  butter  is  S4i  near  the  loAvrr 
limit  in  that  of  olemargjirin*'  tlait  samph^s  yieldhig  results  <'losf^  to  tho 
divichug  line  may  nee<l  further  analysis  b^^fore  an  mujUalitiMl  tipinitnj 
of  the  nature  of  the  specimen  can  be  given,  A  mixture  of  genuine 
l>ntter  and  olf^miargarine  may  give  results  wi  11  wltliin  the  norma!  liniit< 
of  butter. 

PlirK  Kss. — ^Into  a  weighed  Ix^aker  dtrant  a  few  gram>  ol*tlir  fat,  and, 
when  the  latter  has  *Hiole<!,  ascertain  tJi:'  amount  taken  hy  reweighing. 
S{ijx)nifv  as  alwive  deseribe<b  evapjnite  the  aleohol,  dissolve  the  soii|> 
in  water,  and  dtM^mipose  it  by  the  nddition  of  an  exeess  of  aeid.  Heat 
until  the  preeipitatinl  iuHiluble  iieids  an-  meltod,  then  nllow  the  whoh* 
to  eooh  When  the  fatty  layer  has  assumefl  tht*  ehanic  ter  of  a  solid 
ernst,  lireak  a  small  hole  through  it  at  a  point  on  its  eiremuferenee  and 
another  on  the  oppisite  side.  Weigh  a  funnel  and  a  drie<l  iiltei*  of 
suitable  size,  [>laee  the  latter  witliin  ttie  fbnner»  wet  it  tlior<»ughly,  an«l 
tlien  fiber  the  liquitl  from  beneath  th(^  evnst.  Break  n|)  the  erust,  iidd 
boilia;:  water,  and  transfer  the  whok*  to  the  filt«'n  Wash  rej>eate<lly 
with  boiling  water  until  the  WiUihings  hove  no  longer  no  aeid  rt»aetion^ 
then   let  drain   until   no   more  water  is  ilis<'hargeiL     The  filter-|iaper 
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being  wet,  the  meltHl  fiitty  iwhU  do  nut  psj^  thmiigh  witb  the  wash- 
ings. Plaee  the  i\iunv\  innl  its  mnltuts  in  the  beaker  ami  ilr>'  in  au 
air-bath  at  100°  C.  to  constant  weight.  The  tnemi-se  in  the  combined 
weiglits  of  the  l)«iket%  funiii'l*  and  (KiptM-  represents  the  amoimt  of  io- 
S4>luble  fatty  aeids  iii  the  aQioniit  id'  hit  taken. 

Examination  of  Fat  by  Means  of  the  Butyro-refractometer. — A  sim- 
ple a  ud  quiek  nR'tlnrtl  of  asec^rtaiuing  the  nature  of  Ij utter- fat  with- 
out recourse  to  ehemieal  analysis  is  tlvat  l>y  m£^ans  oi'  the  Imtyro-refmct^ 
orjieter  or  other  instrument  desiirntH]  for  the  |rnrptjse  of  measuring  tlie 
refnieiive  mdex.     The  iostrnmeut  is  shown  in  Fig,  4,  with  the  jjrbm 

Fig.  4. 
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Casing  Wide  opi»n.  Its  applii-atinn  rtHjoires  so  littV  time  that,  after  a 
little  pnictiee,  a  person  working  alrine  ran  t^xuniine  rrjidily  1  o  f*r  '20 
samples  in  an  lirtiir.  The  mith<Kl  of  use  is  as  follows:  Tlw  surfar*-  A 
and  that  tm  which  it  is  oppiseil  when  the  j»risni  easing  is  elosed  should 
first  be  cleamMl  by  means  of  a  siift  ptwe  of*  linen  moistened  with  alroliol 
or  ether.  Place  the  instnuiunit  so  that  thr  surfjire  r»f  t\\v  prism  B  is 
liorizontal,  then  a|»ply  2  or  :i  drops  of  tlif  eh^ur  fat,  lie^t  from  a  snudl 
filter  |ia|>er  held  between  the  tingers,  dose  the  pri^^in  (^jising  and  fasten 
it  by  m**ans  of  the  pin  (\  Thv  surfaces  of  the  two  prisms  are  now 
tiepanited  from  each  other  only  by  the  very  thin  layer  of  fat,  With 
thi'  instrument  iti  its  r>rigrnjil  position,  the  mirmr  P  adjusted  sr>  as  to 
illuminate  the  tiehl  eli^irly,  and  the  upper  part  of  the  ocular  so  adjust<»4l 
that  the  scale  within  is  most  clearly  define*!,  read  off  at  what  jx^iiit  of 
the  !?cale  the  line  between  light  and  sttade  falls.     Since  the  degree  of 
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refmetioji  is  influenctHl  hv  tin*  tern jK-ni tit (t,  it  is  net'cssarj'  tf»  liave  some 
inraiis  of  (ieteniiiiniig  jRriinitoly  tht^  t«Mn|MTtiture  of  tht^  sjKHMiiu'n 
Iwtween  the  prisms.  This  is  setnirecl  iii  the  tiillnwiog  maiuuT :  A  cur- 
rent  nf  warm  wuter  is  t'onihu^tHl  hy  means  of  a  riibbex  tiilx'  fomriTtod 
wiflj  the  inlet  E  ijito  llio  prism  rasing,  theuee  through  the  rulilM*r 
tul>e  F  to  the  upper  part,  fi'om  whieh  it  es'a|ie.s  through  the  outlet  (>, 
The  hull)  of  a  thenuometer  projects  into  the  eiirrent  of  water.  The 
staiidnrd  temjieniture  for  ohservati<jos  with  tlvis  instrument  is  25°  C.» 
ami  at  this  temperature  natural  hiitter,  uliieh  has  a  refnictive  index  of 
L  l")Ji— U4ti2,  will  gi\'e  a  retuliug  of  frcnu  4i^.o  to  54  on  the  seah% 
wliile  oleomari^arine,  whieh  lias  a  relVac*tive  index  i*f  \Aiy^}-lAli\ 
will  show  o8.6  to  iyi'yA,  and  mixtUI\'^  of  the  one  with  the  other  will 
give  from  54  ujnvnrd,  aeec*rding  to  the  |»er*.'entagc  of  oletjmai^ne 
present. 

Aei'ordiug  to  ^\'ollny^  to  whtmi  the  invention  of  tlie  iiL->trnm(  ut  is 
largely  dne,  any  sj)et'iinen  whieh  at  a  temjM»nJture  of  20*^  C.  givers  a 
higher  reading  than  o4  will  invariably  he  found  on  ehemieal  analysis 
to  be  aihilteratetl  ;  but  he  suggests  that,  iti  onler  tc»  remr»ve  all  chance 
of  adulterated  butter  escaping  d(tt*<litni»  tliis  limit  In-  rtHJuced  tei  -"12.0, 
and  that  all  samples  giving  the  latter  reafliug  be  exanunt^l  clienncidly. 

With  tem{>eratiires  other  than  2*5°  C,  it  is  uecessary  to  make  cx)r- 
rections  <if  (XoA  of  a  s<'alc  division  for  each  degrtM*  i\  The  following 
table  shows  the  maximum  residing  tor  pure  butters  at  different  tem- 
peratures : 


Temp. 

BcdlT. 

.Temp* 

ec.div. 

Temp, 

&c.  dJv. 

Temp. 

Sc.diT. 

26** 

62.6 

31*> 

49.2 

37" 

46.9 

43<» 

42.6 

26 

51.9 

32 

48.fi 

38 

45.3 

44 

42.0 

27 

5L4 

33 

4H.1 

:iii 

44.8 

45 

4L5 

28 

50.8 

34 

47.5 

40 

44,2 

2» 

50.3      ; 

!       3,5 

47,0 

41 

43.7 

80 

49.8      1 

1       36 

40.4 

4*J 

4a  1 

There  are  other  processes  fiir  the  investipition  of  the  character  of 
hutter-fat,  uieludiuf^  the  <letcrmi nation  ni'  the  specitie  jj^ravity,  nieltinjr- 
lioiut,  iodine  ;dist»q*tion  niunber,  ;ind  sn]  Kin  location  e(|iiivalcnt  ;  l>ut  for 
all  [iractiad  |>nrjK>ses  the  deterniinntioii  of  the  refractive  iinlex  or  of 
the  valatUe  fatty  acids  Is  ordinarily  sufficient,  and  the  other  deteniii- 
uatimis  are  merelv  cnrrohorativc. 


CHEESE. 

For  tlinusiinds  of  years,  cheesi*  ha>  liw'u  knuwn  as  a  very  vahtable 
fruid,  ami  much  attention  has  Ixvn  |mid  to  iliiferent  meda»ds  of  manu- 
facture. At  the  present  time,  many  varieties  are  made,  tlieir  nature 
depending  upon  that  of  the  raw  materiab  the  method  nf  |n'iKlucintr  the 
curd,  the  proportions  of  the  several  eonstituents,  and  the  mctliotl  of 
I'ijteuing.  Most  varieties  are  nnnte  fmm  cows-  milk  ;  some  ai'e  made 
from  that  of  ewes,  and  i>thcr.-  from  that  of  goats. 
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The  milk  \s  used  either  in  its  natural  condition,  or  skimmed,  or  with 
the  addition  of  cream.  Generally,  it  is  used  in  its  natural  condition. 
Whatever  the  kind,  the  following  is  the  general  process  of  manufact- 
ure. The  milk,  with  or  without  coloring  matter  as  desired,  is  heated 
to  80°  F.  or  above,  and  then  curdled  by  means  of  rennet  or  by  the 
aci4»  formed  by  the  ordinary  milk  bacteria.  Usually,  rennet  is  em- 
ployed; sometimes,  sour  whey.  The  coagulation  should  be  complete 
in  from  forty  minutes  to  an  hour.  Too  rapid  coagulation  causes  the 
curd  to  be  hard,  tough,  and  unsuitiible  for  the  subsequent  manipula- 
tion; too  slow  action  pn)duces  a  soft  cuixl  difficult  to  work  and  not 
uniform  in  character.  After  the  process  of  coagulation  Ls  complete,  the 
card  is  cut  or  broken  into  small  pieces,  and  the  whey  is  drawn  off. 
Then  the  curd  is  gathered  into  a  heap  and  covered,  and  allowed  to 
stand  for  an  hour  or  longer,  during  which  time  its  increasing  acidity 
assists  in  its  hardening  and  pn)motes  the  separation  of  the  remaining 
whey.  When  the  curd  has  attained  the  proper  consistence,  it  is  placed 
in  a  cheese  press  and  subjected  to  gradually  increasing  pressure,  and 
after  this  process  is  completed  it  is  removed  to  the  curing  place.  For 
the  proper  ripening  of  cheese,  it  is  essential  that  the  curd  be  of  the 
proper  consistence  throughout,  and  that  only  the  favorable  organisms 
he  present,  and  these  in  not  too  great  abundance. 

The  curd  produced  by  the  action  of  sour  whey  is  highly  acid  and 
inclined  to  be  greasy.     Owing  to  its  high  d^ree  of  acidity,  it  is  not  a 
fcvorable  ground  for  the  growth  of  many  of  the  bacteria  to  which 
is  due  the  production  of  the  different  kinds  of   flavor,   and  so  the 
number  of  varieties  possible  of  manufacture  by  sour  whey  is  limited. 
Rennet,  on  the  other  hand,  produces  a  curd  which  is  elastic  and  not 
greasy  or  sticky,  and  which  is  a  gcKxl  culture  milium  for  the  bacteria 
whof?e  assistance  is  ncwled.     It  acts  best  in  milk  which  is  slightly  acid, 
ror  if  the  milk    is   neutral  or  only  very  slightly  acid,  the  coagulation 
pP'K^s  ver\'  slowly  and  the  curtl  will  not  «)ntract  sufficiently  to  ex]x?l 
the  whey ;   if  the  milk  is  ten)  acid,  the  process  of  coagulation  is  too 
flipitl  and  the  product  too  tough.      A  soft  curd  ret^iins  too  much  whey, 
«nd  the  fermentiition  of  the  milk  sugar  of  the  wlicy  causes  "  huffing/' 
or  swelling,  for  the  prevention  of  which,  pres(»rvatives  sometimes  are 
ttnployiHl.     The  bacteria  cr>ncenie<l  in  the  process  of  ri}H»ning  exist  in 
the  original  milk  or  in  the  air  of  the  plac(»  of  manufacture.     Sometimes 
the  varietit^s  which   prcKluce  chet^se    **  faults "   gain  a  f(M)th()ld   on   the 
premises,  and  can   lx»  era<licat<Hl   only  by  means  of   thorough  cleaning 
and  disinfection.     The  ripening  process  is  carricKl  on  at  about  70°  F. 
It  is  essentially  a  pnn'ess  of  decomposition,  in  which  enzymes,  bacteria, 
and   moulds  are  concerntKl ;  and   for  the  ])nKluction  of  the  same  kind 
af  cheese   the   same  varieties  of  organisms  must  be  present,  and   tlu^ 
particular  variety  producing  a  particular  flavor  must  find  the  conditions 
mch  as  are  favorable  to  its  predominance.     It  is  not  possible  to  stiirt 
irith  milk  that  is  entirely  sterile,  and  then  to  inoculate  with  the  par- 
ticular varieties  wanted,  since  to  sterilize  milk  completely  requires  the 
ippIic*ation  of  such  a  degree  of  h«it  as  will  prmluce  changes  in  the 
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casein,  interfere  with  the  projx^r  action  of  the  rennet,  injure  the  con- 
sistence of  the  curd,  and  destroy  the  enzymes. 

Ripening  does  not  proceed  satisfactorily  when  the  curd  has  been 
produced  through  the  action  of  acids.     In  ordinary  ripening,  the  ctisein 
is  attacked  by  the  organisms  present,  and  ammonia,  leucin,  tyrosin,and 
several   kinds  of  fatty  acids  are  produced.     The  latter  unite  with  the 
lime  salts,  which  up  to  this  {K)int  have  been   in  combination  with  die 
cas(»in.     The  acids  formed  include  butyric  and  valerianic.     From  the 
lactose,  we  have,  in  addition,  lactic  acid.    The  process  goes  on  at  differ- 
ent rates  with  different  kinds  of  cheese,  and  it  may  be  short  or  long. 
In  the  production  of  certain  forms  of  American  and  English  cheese^, 
the  individual  specimens  are  sealed  hermetically  in  tin  boxes  and  Vss^ 
at  a  favorable  temperature  for  as  long  as  four  years,  the  boxes  being 
turned  each  day.     The  ordinary  grades  of  cheese,  however,  undergo 
comparatively  short  periods  of  ripening. 

Gomposition  of  Gheese. — The  (*omix)sition  of  cheese  varies  verj^" 
much  according  to  the  nature  of  the  raw  material  and  the  process^-* 
of  manufacture.      The  fat  shows   the  greatest  variation   in  amounts 
according  as  the  cheese  is  made  from  whole  milk,  skimmed  milk,o^* 
milk  enriched  with  cream.     The  most  common  American  cheese  \r^ 
made  from   whole  milk,  as  are  also  the  leading  varieties  of  Englk<h 
cheese,  as  Cheddar  and  Cheshire.     The  familiar  Edam  (Dutch)  cheese 
is  made  from  partially  skimmed  milk.     English  Stilton  is  a  type  of 
cheese  made  from  milk  enriched  with  cream.     The  cheese  richest  of  all 
in  fat  is  what  we  know  as  cream  cheese,  but,  strictly  speaking,  this  is 
not  chei'so  at  all,  being  simply  fresh  curd  very  rich  in  fat  and  not  sub- 
jected to  any  process  of  rijwnuig.    The  cheeses  |K)orest  in  fat  are  those 
made  from  skimmeil  milk.    They  are  tough,  dry,  and  of  but  little  flavor, 
and  such  as  they  have  is  inclined  to  be  unpleasant.     American  cheeses 
of  go<Kl  ((uality  may  be  said  in  general  to  contain  about  36  parts  of  &t, 
♦^0  of  proteids,  30  of  water,  and   the  renuiinder  Sidts.     The  leading 
English  chees(vs,  excepting  Slilton,  contain  rather  more  water  (about  35 
per  cent.),  and  cori'es]>ondingly  less  fat.    Swiss  cheese  has  practically  the 
same  comiK)sition,  but  contains  ratlier  more  proteids  and  c»orresix)n(l- 
ingly  less  fat.  Skinnned  milk  cheeses  are  jvarticularly  rich  in  proteids, 
containing  often  as  high  as  oO  ]>er  cent.     With  the  exception  of  those 
made  fn>m  skimmed  milk,  it  may  be  said  in  general  terms  that  cheese 
is  about  one-thiixl  fat  and  oni^thirti  proteids. 

Of  the  many  varieties  of  cheese  put  U])  in  small  bulk,  mostly  for  use 
as  a  rt^Iish  nither  than  as  a  substantial  article  of  diet,  the  following 
may  Ih^  mentiont^d  :  Kcxjuefort  is  made  fnmi  the  partly  skimmed  milk 
of  ewes ;  it  does  not  vary  much  in  its  |K»reentagt*  of  fat  and  proteids 
from  Amerii»an  and  P^nglish  ehiH^ses.  (lorgonzola  is  ven'  similar  to 
Ro<piefort  in  composition  and  also  in  the  method  of  manufacture, 
lioth  art*  ri]KMied  with  the  assistance  of  moulds,  which  are  mixed  with 
the  curd  with  the  j>owdered  bread  crumbs  on  which  they  have  been  eul- 
tfvate<l,  and  the  chi'cses  are  incKnilateil  also  after  being  shaped.  Parmesan 
cheese  is  made  fix>m  jwrtly  skimmeil  goats'  milk ;  it  is  verj'  rich  in 
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poteids  but  contains  only  about  half  as  much  fiit  as  American  cheese. 
Camembert  cheese  is  a  soft  cheese  contiiining  rather  more  than  50  per 
cent,  of  water  and  about  20  per  cent,  each  of  fat  and  proteids.  It  is 
ripened  by  a  peculiar  pn)cess  which  gives  it  a  nmch  more  pronounced 
and  permeating  odor  than  almost  any  other  known  variety. 

Adulteration  of  Gheese. — At  the  present  time,  the  only  extensive 
form  of  adulteration  of  cheese  consists  in  the  substitution  of  lard  for 
the  usual  and  proper  kind  of  fat.  Lard  and  skimmed  milk  colored 
vrith  annatto  are  mixe<l  together,  heated  to  al)out  140°  F.  in  tanks, 
and  emulsionized  with  the  assistance  of  ap])ropriate  machinery  ;  the 
mixture  then  is  coagulated  in  the  same  way  as  in  the  ordinary  process 
of  making  cheese.  Such  cheese  Ls  designated  in  the  United  States 
statutes  as  "  filled  cheese,"  which  includes  "  all  made  of  milk  or 
skimmed  milk  with  the  admixture  of  butter,  animal  oils  or  fats,  vege- 
table or  any  other  oils,  or  cx)mpounds  foreign  to  such  milk." 

A  decree  promulgated  in  Belgium  on  September  21,  1899,  defines 
cheese  as  a  prmluct  obtained  from  pure  milk,  skimmed  milk,  milk  co- 
agulated by  the  aid  of  rennet  or  acidification,  or  any  other  j)roduct 
obtained  by  heating  milk  mixed  or  not  with  coloring  matter,  salt,  and 
^ices,  and  subjected  to  pressure  and  fermentation.  It  forbids  the  sale, 
€ioept  when  properly  labelled  in  such  way  as  to  reveal  its  true  nature, 
of  all  cheese  containing  any  other  substance  than  those  mentioned,  such 
«  oleomargarine  or  other  foreign  fiit,  potatoes,  and  bread.  An  excep- 
tion is  made,  however,  in  favor  of  Roquefort,  in  which  bread  crumbs 
WB  present,  not  as  an  adulteration,  but  for  the  serving  of  a  useful  pur- 
pose. The  sale  of  cheeses  mixed  with  mineral  matter  other  than  salt 
and  with  antiseptics  in  general  is  forbidden. 

In  some  parts  of  (Jermany,  bean  meal  and  potatoes  are  used  to 
isomc  extent  as  adulterants,  and  there  and  elsewhere  a  great  variety  of 
substances  are  said  to  have  been  used  to  a  greater  or  less  extent  in 
times  g!)ne  by.  In  general,  it  may  be  said  that,  aside  from  lard  and 
>tber  foreign  fats,  the  only  adulteration  of  any  importance  consists  in 
:he  admixture  of  preservatives.  These  are  added  more  commonly  to 
ikimmed  milk  cheeses  than  to  those  of  good  quality. 


Analysis  of  Gheese. 

Determination  of  Water. — Cut  the  specimen  into  small  bits  or 
bin  slices.  Weigh  out  about  5  grams  in  a  platinum  dish  containing 
and  or  asbestos  fiber,  and  drj'  to  constant  weight. 

Determination  of  Ash. — IgniU^  the  drie<l  residue  at  as  low  a  tem- 
)erature  as  ix)ssible,  and,  after  cooling,  note  the  incTcase  in  weight  over 
hat  of  the  dish  and  its  original  contents. 

Determination  of  Fat. — Triturate  alwut  2.")  grams  of  the  specimen 
n  a  mortar  with  an  equal  bulk  of  fine  l>eiich  sand.  Transfer  the  whole 
o  a  Soxhlet  extractor,  and  proceed  in  the  manner  described  under  the 
inalysis  of  Milk. 
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BetermiBation  of  Proteids.— IVfKced  in  the  nmnner  ^Wv 
AHiilysls  i}t'  Milk,  iisiii|r  al>niu  '2  ^nims  nf  the  saiiii>Ir. 

Determmation  of  the  Nature  of  the  Fat.^Fnr  the  detectiijn  ^f 
foreign  tats,  the  nietliod  iif  proetHlure  is  tlie  siiiiie  iis  de.scriWd  uinler 
the  Analysis  of  Butter,  ;dter  ulmiininir  the  fin  in  a  pun^  conditinn. 
Tlie  residue  obtained  in  the  determination  of  the  amount  of  fat  ^vill 
serve  for  this  juirpose. 

Cheese  as  a  Cause  of  Poisonmg, 

For  many  years,  cheese  has  Ikm-d  known  to  Im*  an  4M*easional  a^nst*  of 
t^ingk'  and  nuilti|de  eases  of  |>oisoning^  aiul  various  thei>ries  (Mint^niing 
the  njiturt*  of  the  [mhsiMJoUs  u^a-ut  have  lieen  jirornul^-'atcHL  It  was  not 
until  1SS4  that  tlie  eause  was  reviideil  l>y  I^n^fessor  \".  C  Vau^han, 
whose  atteiititaj  was  drawn  to  tajlhreiiks  in  Miehij^jui  dnrinfj;  IHS:\  ami 
IHS4,  in  wliieh  niftre  than  ^iOO  |K.»rsons  were  atteettnL  He  tra^xnl  the 
vvlicde  trouhle  to  twelve  different  eht^es^s,  from  sevend  of  which  lie 
is^^klted  the  pnisum^is  prineiple,  a  jitrimafn,  to  wlui-h  he  ^nve  the  naiue 
**tyn*t(»xieon.'*  The  syni|ititnis  observed  in  tluMaitbreidis  referrt.»tl  to 
iiieluded  vunntin^,  diarrhoea,  abdominal  paia,  dryness  and  constrict it*n 
of  the  throat,  feel)le  anil  irn'^^nlar  pulse,  und  markt*d  cyanosis.  In 
gome  c*as(*s,  vomiting:  and  diarrlio-a  were  tollijwed  by  markt'd  nerv<af< 
tmistration.      In  srane  tlie  pn[»i!s  were*  dilated. 

Within  a  shrnt  time  after  VaufJhan^s  diseovery^  the  |Kvison  was  fouiul 
bv  Wallace'  in  some  cheese  that  was  the  caiu^  of  |x>isoning  of  not  less 
than  oU  [KTsons  out  of  almut  tIM  who  had  eaten  of  it.  The  onset  appeared 
in  from  two  to  ftair  hmirs.  Tfie  nn«st  (MHistant  and  severe  sytnptcims 
wen*  vomiting  and  ehills.  These  were  su(M*<'(il(d  by  severe  epipistric 
ptiln,  cramps  in  the  legs  and  ftrt,  purjudn^  and  jLi:npinjr,  imtahness  espe- 
eiallv  niarkal  in  the  k»gs,  and  ver^^  marked  prostration.  Vomiting  and 
illarrlicea  hist^tl  from  two  to  twelve  hours  ;  i^hills  and  erjimps  fmm  «aie 
to  twii  hnurs.  No  deatlis  m-eui-reih  and  all  reeuvt  red  within  three  days. 
The  i^vcritv  of  the  symptoms  l>nrc  no  relalinn  u*  the  amount  eat*  ri  ; 
pome  <jf  the  severest  eases  w(*re  of  persiais  u Imj  ate  but  sparingly. 

More  recent  work  by  Vaughan  and  his  associates  am!  others  liai* 
detiinastrateii  that  tyrotoxieon  is  n(>t  the  only  cause  of  eheese-,  milk-, 
ami  ice-ercam-pnisotdut;,  and  that  it  is,  indiXMk  a  smuewhat  rare  p^jisnn. 
Other  toxic  subatances  have  Iwjeu  isohiteil  frotrj  cheeses  that  yicldal  no 
lyrt»toxioon* 

SectioB  4.     VlGEf  ABLE   FOODS. 

*n»  V€Et*table  foods  may  eonv<'nieully  be  dividt^l  ijito  several  *'lasHs 

1.  Farinaceous  seeds  i 

(#i)  t*ereals;  {ff)  Legumes, 
i  Farinaci^nis  prepanitinns. 
X  ¥mn\  5W?s  (imt^). 
4.  Vfgelible  flii^. 

'  Metlittil  NinvH,  July  l(i,  1887,  p.  ^. 
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Tii!i4^rs  and  niots. 

H .    H e I'l >iu -t M K IS  11 1 1 1 ( *  1  es  {''  \ v^vXiX h\ vs  * ' ) . 

7.   Fniit^  usLxl  as  ''  \  o^'tiji»U*s." 

K.   Fruits  in  the  riui'iv^wtr  si^ik?. 

9.  Eilible  tuij^^i. 
10.  Smvlnirine  |>ivpartitit»n>. 
Tht'  wonis  Jrnit  mid  vvtjvkihle  are  nipnl>!e  aliku  nf  hhuul  uml  iiartNjw 
iiiejiniiig^.  Ill  the  ;^trict  sense,  the  eeresils,  le*j:un»es,  mits,  und  many  of 
the  artieh\s  euminnnly  <idled  ve^etaUfes  are  fruits  ;  but  {M>|yular  nsa^^* 
ha^*  narmvvtHi  the  latter  term  to  inehide  the  pulpy  .-stihsJanee  enelnsin^ 
rl»e  <eiHls  iif  various  trees  aJid  phitits,  and  *>tdy  sueh  a>  are  j>U^isant  to 
the  taste  and  e^Hhle  in  the  raw  state,  with  the  single  exee|^ti«ni  of  the 
qniiioey  whioli  is  ediltle  only  when  em>ked.  X'egetables  in  the  ordi- 
nan'  j*cus(*  inch»de  any  jiari  ^^A'  herbaeooiis  phmts,  as  tlie  stein,  nHjt, 
leaves,  and  frnity  priklnets  used  e«»niaionly  in  tlie  eooked  state  nr 
in  the  form  of  si  lads.  Thus,  in  the  popular  usa^*'  of  the  terrus, 
N:[iiashes  and  nuJons,  whieh  an-  the  fruits  of  plants  of  tiie  same  family, 
lirp  clasf^  n^pectively  as  vejL^etal>h*s  and  fruits,  and  the  ei-rwds  and 
nut>i  arc  classified  under  neither  hi^acL 

Fiist  in  iruportiiuee  of  veu:etal>le  fi>ods  are  the  tariuaeifous  seed;* ; 
they  are  of  verj'  hi|i;h  nntrllive  value  and  easily  difi;e,sted. 

1.  Farinaceous  Seeds. 

{a)  CEREALS. 

The  cereals?  inehide  whejit,  ne,  biu-ley,  oats,  corn,  buek wheat,  anil 
rif*e.  They  are  very  largely  starehy,  and  n^n^'  in  pL^neral  mniposition  ; 
but  they  difier  in  the  proportions  in  whieh  their  several  eoustituents  are 
prejH'nt,  These*  iuelude  proteids,  nuinthydnites,  ether  extraetives, 
tiiinend  matter,  ami  moisture.  Tlie  proteids  ijirlnde  a  lar^ix'  uujulK'r  id* 
el<wM:'ly  relate*  1  eompounds,  as  yvl  r>n!y  imperfectly  studied,  wbit*h  \^  ill 
be  tuentione^i  in  the  eon.^ideration  of  eaeh  niemlwr  of  the  group.  The 
caH>f>hydmte?^  inc*haie  those  whieh  are  solubh%  suiiTir  and  dextrin,  and 
those  whieh  are  insiJnbh\  stanch,  i-ellulur^e,  ihiuosuis,  and  ;relaetmis 
(H-  \V.  Wiley).  The  ether  e\trai'tive>  iuelude  fats,  n'sins,  eldorophylh 
and  volatile  oil  **  whieh  eonstilnt4.s  tiie  souive  of  t!ie  rHir^rnus  ipiality 
p*j»^?*e^»ed  by  tl^e  grain*'  (Wiley).  The  mmend  matters  are  ehietty 
phosphates  of  ejileium,  and  tnati^nesium^  siliea,  aiHl  salts  of  sotiituu  tunl 
|>otas-^inm»  The  eereals  eontaiu  als^i  rrrlain  ferments,  the  most  im[x»r- 
tant  of  wliieh,  and  the  only  one  whieh  lias  Ihh'U  studied  with  any 
thoroughness,  is  diastase.  Thin  aets  uf>on  stareh,  eonverting  it  inta 
sugar.     The  *  others  inehide  some  whieh  aet  upon  the  pmteids. 


Wheat. 


Whmt  IS  classed  verj*  prnp^-ly  as  the  mtist   useful  of  the  ve^table 

fofKls.      ^rhe  fj^miti   eonsisls  of  a   hard    outside    layer    whieh    is    intti- 

^  g^itible  and   useless  as  ftxHl,  and  tli**  eortex,  softer  and  nu>re  frialjle, 
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which  yields  flour  of  high  nutritive  value.  The  liard  outside  layer, 
which  constitutes  the  greater  part  of  bran,  irritates  the  alimentary* 
<'anal,  and,  while  useful  to  some  extent  in  conditions  of  habitual  con- 
stipation, should  be  avoided  in  all  irritable  conditions  of  the  bowel. 
It  (!!auses  waste  by  unduly  promoting  peristalsis,  so  that  much  of  the 
nutritive  [wrtion  is  hurried  along  in  an  undigested  condition. 

The  proteids  of  wheat  include,  according  to  Osborne  and  Voorhee>/ 
a  globulin,  an  albumin,  a  proteose,  gliadin,  and  gluteuin.  The  tuo 
last-mentioned  constitute  between  80  and  90  per  cent,  of  the  whole ; 
in  the  presence  of  water  they  unite  to  form  the  verj'  important  substanw 
gluten,  so  essential  in  the  conversion  of  flour  into  bread.  Acconliiig 
to  Wiley,  they  unite  in  almost  equal  proportions ;  but  in  the  opinion 
of  E.  Fleurent,^  the  closer  the  composition  of  gluten  approaches  the 
relation  of  25  parts  of  glutenin  to  75  of  gliadin,  the  more  v^duable 
the  flour. 

The  airlxjhydrates  constitute  the  greater  i>art  of  wheat  as  well  as  of 
the  other  cereals.  They  include  starch,  by  far  the  most  important, 
cellulose,  sugars,  dextrin,  and  a  number  of  other  compounds  of  (x»m- 
jmrative  unimportance.  The  starch  granules  are  exceedingly  variable 
in  size,  ranging  from  about  0.002  to  0.05  mm.  in  diameter.  They  are 
circular  and  flat,  and  many  of  them  show  a  central  hilum  and  con- 
centric rings.  The  latter  appear  with  greater  distinctness  in  flour  that 
has  been  subjected  to  hejit,  as,  for  instance,  in  the  baking  of  crackers. 
The  wide  variations  in  size  are  illustrated  in  Plate  YII.,  Fig.  1.  The 
other  carbohydrates  exist  in  but  vory  small  proportions. 

Gomposition  of  Wheat. — The  vast  numl)er  of  analyses  of  wheat 
show  im])ortant  variations  in  the  percentage  of  ib*  several  constituents, 
for  its  quality  is  influencwl  considerably  by  climate,  character  of  the 
soil,  and  other  conditions.  According  to  H.  W.  Wiley,*  a  typi«il 
American  wheat  of  the  best  quality  should  yield  approximately  the 
following  results  : 

Moisture 10.60 

Proteids 12.25 

Ether  extract 1.75 

Crude  liber 2.40 

Starch,  etc 71.25 

Ash j_J-^^ 

100.00 

Tluse  figun\^  do  not  var}'  materially  from  the  averages  of  a  large 
number  of  analysis  of  samples  of  miscellaneous  origin  compiled  by 
Konig,  exct^pting  in  the  pro])ortions  of  moisture  and  starch,  in  which 
resjHvts  Wiley's  typicid  s]Krinien  shows  superior  value,  being  less  rich 
in  the  one  and  richer  in  the  other  constituent. 

*  American  Chemit'jil  Jounial,  XV.,  p.  ',\92, 
'  Coniptes  rend  us,  ISl^S.  p.  12i». 

*  U.  8.  Dei«rtment  of  Agriouhure,  Division  of  Chemistry,  BulL  13,  Part  9,  p.  1189. 


PLATE  VII. 


Fig.   1. 


Wheat  Starch.     X  285. 


Fig.  2. 


Rye  Starch.     X  285. 


WHKAT  J 'LOUR. 

Wheat  Flour; 

III  the  inaniiflictmie  of  ttoiir,  tin:  ulirnt  k«Ttiel>  arc  >iihjiX'to(l  first  to 
^H  ]triK'4?ss  (tf  tliuruijtjrh  rh'tiniiiji;,  riiitl  tlien  are  eraekeil,  eriish^'d,  iiiid 
^nminl  until  tlie  rnjtiirt'd  stat*-  ut'  fiiii^Jiess  is  attaiin'tl^  the  bran  luul 
otiier  iiiulesiruble  portioiLs  Ijcijig  reniuvt*il  Sjv  iKiltiu^,  -Ul  Htmr  i^  by 
no  means  the  siime  in  c^iiiposition  and  fjuality  ;  in  faet,  several  gniden 
<*f  flour  may  be  niatle  from  ihe  s^nne  uhciit  by  the  eni[iloyment  rA* 
ditlerent  [>irK*esse:4  oi'  maniitartniv,  Fluuns  are  gnuk'*!  urn  a  dinjj^  i<» 
cc»h>r  OP  appwiranee,  tbosi^  whieh  make  the  whitest  breail  rankinj^  higli- 
fst,  ahhraigh  not  equal  in  nutritive  vahie  to  tliose  efasst^l  as  low  grade. 
The  floui's  of  the  H<*veral  grades  aix'  known  eonvrnereially  as  **  jmtent/* 
**  tumily,'*  **  bakers V'  nnd  oiber  iianifs  wbieb  to  tlie  laiblie  have  no 
speeial  siginticaace.  Tytae^d  flours  of  the  g^ale^  known  as  *'  high- 
jj^nide  patent"  and  **  bakers* '*  should  liavr,  arnnxling  to  Wiley, 
appr«3xiuiately  the  tbllowing  eiimjmsition  : 


Moisture. 
12.75 
11.75 


12.30 


Ether  cxtrHCl, 
1.00 


L-nrbijliyilrdtei, 
75.25 
74.05 


The  average  coin}x>sitiou  of  210  samples  of  wheat  titiur  of  high  ami 
medium  grades  and  of  grades  not  indieated  is,  as  given  hy  Atw^ater 
and  Brvant,  an  folhnvs : 


Pmteids 

El  bur  I'Xtnit't . 

Oirhohvd  rates 

Ash .  :  .     . 


Thirteen  siiniples  of  Inw  gradt^  averaged  as  follows: 


Moist  uiv , 

Etber  exinut  , 
Carbobvdmte:^ 


11.40 

^m 

75.10 

n.50 


12JXI 

7L20 
100/K) 


It  will  be  notieetl  that  the  high  gra<le  flours  are  p^wavr  in  jimteids 
and  fat,  and  (NaTesp«»ndingIy  ric*lier  in  stiirelL  Other  gravies  uf  flonr 
inehide  those  known  as  gniham  an<l  entire  whejit.  (iralmm  flour  is 
underst(MKl  generally  to  Ik>  a  pro<hu:t  <'onfaining  all  of  the  constitnents 
of  the  original  gniin  in  their  same  pniportions.  When  it  <'anie  first 
into  use,  sneh,  indHni,  it  was  ;  but  at  tht^  present  time  it  is  an  nnljoltnl 
*>r  partially  IioIkhI  priHhn*t  *»r  thoroughly  eleantHl  ant  I  dusttxl  whrat. 
Entire  wheat  flour  is  nndc^rstotn!  alsf*  in  t^iinluin  all  nf  the  r>riginal  n>n- 
stitiient-^  of  the  grain,  Init  is,  in  fact,  made  from  wheat  deprived  iif  its 
out^r  coverings.  It  makes  a  somewhat  dark-enhiri'd  bread  wliieh  is 
ver\'  pahitahle, 

Purentlietieally,  it  may  not  be  tmt  of  |>laee  to  rt^ft-r  here  to  the 
absurd   views   maintiuneHl   by   a  large   put   of  tlie   eomnitniity   as   to 
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the  superiority,  from  a  hygienic  istandpoint,  of  foods  containing  all  of 
the  eon.stitiiente  of  the  cereals  from  which  they  are  prepared.  It  is 
difficult  to  understand  how  the  nutritive  value  of  any  food  can  he 
increased  by  the  retention  of  matters  which  are  completely  indigestible 
and  to  a  certain  extent  irritating  to  the  digestive  tract.  It  is  arguoil 
that  an  all-wise  Creator  made  wheat,  for  example^  in  the  form  in  which 
we  see  it,  and  that  it  is  not  for  us  to  attempt  to  improve  it,  as  we  think, 
by  discarding  the  outer  layers.  But  this  sort  of  reasoning  might  be 
extended  so  as  to  favor  the  consumption  of  the  peel  of  oranges,  the 
bones  of  fish,  the  feathers  of  birds,  and  other  innutritions  and  undesir- 
able waste  pHxlucts. 

Preparations  of  Wheat  Flour. — Bread. — First  in  importance  of 
the  preparations  of  wheat  flour  Ls  bread.  In  the  broad  sense,  bread 
includes  all  forms  of  baked  flour,  whether  leavened  or  unleavenetl ; 
in  the  common  use  of  the  term,  it  includes  only  those  in  which  leaven- 
ing agents  are  used,  the  other  forms  being  designated  as  pilot  bread, 
crackers,  biscuits,  etc. 

The  adaptability  of  wheat  flour  for  bread-making  is  due  to  its  gluten 
content.  This  substance,  by  reason  of  its  tenacity,  is  capable  of  en- 
tangling the  gas  generated  in  the  process,  and  by  reason  of  its  solidifi- 
cation by  heat,  furnishes  a  porous  or  spongy  product  easily  penetrate<l 
and  acted  upon  by  the  gastric  juice.  Not  all  cereals  are  capable  of 
being  made  into  bread,  since,  as  will  be  seen,  in  most  of  them  this 
\^vy  essential  agent  is  lacking. 

For  the  pre|3amti(>n  of  bread  of  good  quality,  the  flour  should  con- 
tain not  much  in  excess  of  the  average  amount  of  moisture,  and  should 
be  so  cohesive  that,  after  Iwing  compressed  in  the  hand,  it  will  keep  its 
shape  on  being  released. 

In  the  making  of  bread,  the  flour  is  mixed  with  warm  water  or  milk, 
salt,  and  yeast,  kneaded  into  a  stift'  dough,  and  set  aside  in  a  warm 
place.  The  yeiist  attiicks  the  sugar  and  splits  it  into  alcohol  and  c^ir- 
bonic  acid  gjis  ;  tlie  latter  by  its  evolution  and  expansion  causes  the 
dough  to  become  j)orous  and  to  **  ris(\"  The  fermentative  process 
gives  rise  also  to  variable  amounts  of  lactic  and  acetic  acids.  The 
niiscnl  dougli  is  then  baktHl  in  suitable  pans,  and  its  jkh'ous  character 
is  increased  by  the  further  expansion  of  the  giis  by  heat  and  is  made 
j)eriuanent  by  the  solidifiwition  of  the  gluten  by  the  same  influence. 
If  the  fermentation  is  not  allowed  to  j)roceed  far  enough,  the  resulting 
bread  will  be  sogg}^  or  "heavy";   if  Uh^  far,  it  will  be  sour. 

Ill  place  of  yejist  as  a  leavening  agent,  bicarbonate  of  sodium,  com- 
monly known  in  the  household  as  saleratus,  and  baking  powders  aR» 
eni])loyed  very  extensively.  For  the  evolution  of  cjirbonic  acid  gas 
from  scKlium  bicjirl)onate,  the  j)resenre  of  an  acid  is  necessary,  and  this 
is  secunnl  by  the  use  of  sour  milk.  First,  the  flour  is  mixed  thor- 
oughly with  the  bicarbonate  and  then  made  into  a  dough  with  the  milk. 
Bread  made  by  this  pnM'css  is  nirely  of  good  (|uality,  since  it  is  difficult 
to  determine  tlu»  pro|H'r  amounts  of  the  two  agents  for  the  Ixjst  results, 
and  any  excess  of  the  bicarbonate  causes  discoloration  and  disagreeable 


WHEAT  FLOUR,  141 

iavor.  A  better  plan  is  to  employ  baking  powder,  which  consists  of 
Ajdium  bicarbonate  and  an  acid  salt  combined  in  such  proportions  that 
all  of  the  available  gas  is  set  free  from  the  alkaline  salt  and  no  unpleas- 
intly  tasting  residue  is  left.  The  only  advantage  i)ossessed  by  baking 
powders  is  the  saving  of  time  and  labor ;  the  resulting  bread  is  dis- 
tinctly inferior  to  that  made  with  yeast.  The  com])osition  of  the  vari- 
oas  classes  of  baking  powders  will  be  stated  farther  on. 

Another  process  of  securing  leavening  is  that  of  spontaneous  fermen- 
tatim  bn)Ught  about  by  the  enzymes  present  normally  in  flour.  This 
process,  known  as  "salt  rising,"  is  not  in  common  use,  requires  much 
more  manipulation  than  any  other,  possesses  no  advantages,  and,  there- 
fore, deserves  no  further  mention. 

Freshly  baked  bread  is  much  less  digestible  than  that  which  has 
been  kept  a  day  or  two.  Its  softuess  favors  its  clogging  during  mas- 
tication into  a  close  mass  which  is  attacked  less  easily  by  the  gastric 
juice.  In  this  country,  however,  it  is  the  almost  universal  custom 
to  eat  bread,  particularly  in  the  form  of  breakfast  rolls,  not  only  in 
the  fresh  wmdition,  but  also  hot  from  the  oven.  When  bread  is  kept 
for  a  day,  it  loses  part  of  its  moisture  and  acquires  increased  firnmess 
and  friability,  which  help  maintain  its  porosity  during  mastication. 

Bread  may  aajuire  unwholesome  properties  on  keeping,  due  to  changes 
brought  abfmt  in  the  presence  of  moisture  by  micro-organisms.  Good 
bread  is  only  slightly  acid  ;  but  if  kept  in  a  moist  state,  it  is  likely  t<» 
become  markedly  so,  and  then  may  cause  gjistric  derangement  and 
diarrhoea  in  those  not  habituated  to  its  use.  Brejid  in  this  condition  is 
ttudergoing  fermentjitive  changes  that  are  ha«*tened  by  the  IkkIv  tem- 
pwitore,  with  consequent  evolution  of  gas(»ous  prcxlucts  which  cause 
flatulence  and  discomfort,  and  of  irritating  com|x>unds  which  iiiduce 
abdominal  pain  and  diarrhoea.  Bread  made  from  old  and  j>artia]ly 
*T^iled  flour  is  likely  to  have  a  distinctly  sour  tcoste  and  to  be  unwhole- 
•*^^nie  in  the  manner  above  described.  Mouldy  bixsid  also  is  likely  to 
b^  a  cause  of  digestive  derangt»ment. 

CV)MP()«moN  OF  Wheat  Bread. — Since  wheat  flour  itself  is  of  vari- 
able composition,  and  since  in  the  domestic  inanufaeture  of  any  article 
^f  CmkI  the  pHK^esses  employed  are  subject  to  slight  or  considerable* 
variations,  analyses  of  wheat  bread  necessarily  must  show  great  differ- 
<*noes  in  the  pro|X)rtions  of  the  several  constituents.  Averages  obtained 
ft)in  examination  of  samples  of  all  sorts  and  of  niiscellan(M)us  origin 
can  hanlly  represent  the  composition  of  bn»ad  of  good  avenige  or  high 
quality.  Wiley  gives  the  following  as  the  approximate  composition  of 
a  **  typical  Americjin  high-grade  yeast  bread  made  with  the  best  flour 
ami  in  the  most  approved  manner  :'' 

Mointure ;r>.(M) 

ProteidH «.(M) 

Ether  extract 7.'> 

AhH l.r>() 

Fiber m 

Garbohydratefs  other  than  fiber ">4.4r> 

KXJ.OO 
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From  analyses  of  bread  made  from  three  sorts  of  flour  from  the 
same  lot  of  wheat,  namely,  "  graham,''  "  entire  wheat,"  and  "  patait,*^ 
Professor  H.  Snyder  *  shows  that  the  nitrogen  content  is  highest  in 
graham  and  lowest  in  ]>atent  flour;  but  his  digestion  experimeotD 
prove  that  the  hitter  has  the  highest  proportion  of  digestible  (available} 
protein.  The  lower  digestibility  of  the  protein  of  the  others  is  due  to 
the  fact  that  both  have  a  considerable  proix)rtion  of  that  constituent  in 
the  coarser  particles  (bran),  and  that  these  resist  the  action  of  the 
digestive  juices  and  escape  digestion,  so  that  the  system  derives  lesj 
energy  therefrom. 

Toa4stt. — In  the  process  of  toasting,  a  large  part  of  the  moisture  is 
driven  oft*,  the  surfaces  are  scorcheil,  greater  firmness  is  acquired,  and 
the  product  is  more  easily  digestible.  GixkI  toast  cannot  be  made  from 
perfectly  fresh  bread,  on  account  of  the  moisture  present,  which  causes  I 
sogginess ;  it  vaw  Ik?  made  only  fn)m  brciid  at  least  a  day  old.  The  1 
slices  should  not  be  thick,  suice  then,  while  the  surface  is  scorched,  the 
interior  acquires  increased  softness  under  the  action  of  heat  and  be- 
comes less  digestible  than  the  original  bread. 

Rusks  are  nmch  like  toast.  Instead  of  l>eing  subjected  to  the  direct 
action  of  hot  coals,  the  bread  slices  are  baked  for  a  time  in  a  moderately 
hot  oven. 

Pulled  Bread  is  the  crumb  of  freshly  baked  loaves  pulled  out  in  small 
masses  and  baked  again  like  rusks. 

Orackers,  or  biscuits,  are  prt^ixirations  made  from  unleavened  dough 
and  baked  so  drv  as  to  be  brittle.  They  keep  well  for  a  long  time 
without  losing  their  palatal )ility.  If  not  properly  stored  and  cared  for, 
they  may,  of  course,  become  damp,  musty,  and  mouldy.  In  composi- 
tion they  vary  but  little  from  the  flour  of  which  they  are  made ;  they 
are  drier,  and  what  they  lack  in  moisture  they  nuike  up  in  fat,  which, 
in  the  form  of  butter  or  lanl,  is  added  to  prevent  them  from  becoming 
too  hard  and  dry. 

Other  preparations  of  wheat  flour  include  (»akes,  which,  on  account 
of  the  contained  butter,  Q^:^,  and  sugar,  are  richer  than  bread ;  pastry, 
which,  on  account  of  its  content  of  lard,  is  more  difficult  of  digestion ; 
and  flour  puddhigs,  which,  being  very  "  close,"  require  much  time  for 
digestion  and  often  cause  sensation  of  weight  and  oppression. 

Macaroni,  spaghetti,  and  vermicelli  are  ])re[)arations  nia<le  w^ith  hard 
wheat  rich  in  gluten.  The  flour  is  made  into  a  stiff*  paste  with  hot 
water,  and  the  compound  then  is  pressetl  through  holes  or  moulds  in  a 
metal  plate  and  dritxl.  They  an*  cxoiH'dingly  nutritious,  but  they  are 
not  as  easy  of  digestion  as  other  ])repa rations  of  wheat,  on  account  of 
their  ('U>seness.  They  were  Hi'st  made  on  a  small  scale  in  Sicily,  but 
now  are  prcHluced  in  enormous  amounts  in  Italy,  France,  Germany,  and 
other  countri(»s.  In  their  manufacture,  Americiui  wheat«?  are  not  held 
in  high  est(H'ni,  containing  not  sufficient  gluleu  and  too  much  starch^ 
The  best  wheat  for  the   ]>uriH>se   comes    from   a    i)articular   district  in 

^  Bulletin  No.  101,()tKce  of  KxpiTinKMU  Stations,  l'.  S.  DeiMirtment  of  Agriculture, 
1901. 
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\»s&vbl  and  from  Algeria.     Formeriy,  a  grain  from  southern  Italy  was 
egarded  as  the  most  suitable. 

Adulteration  of  Flour. — Up  to  within  comparatively  recent  years, 
lour  has  not  been  much  subject  to  adulteration.     Occasionally,  certain 
Dineral  substances,  as  magnesium  carbonate,  gypsum,  and  ground  chalk, 
bave  been  reported  in  European  samples  ;  but  such  have  been  employed 
as  adulterants  verj-  rarely,  if,  indeed,  at  all  in  American  flours.     Alum 
Vas  been  added  sometimes  to  flour  of  inferior  quality  to  improve  \\& 
color  or  to  check  beginning  dec*omposition.     Whether  this  addition 
18  objectionable  from  a  hygienic  standpoint  is  a  subject  over  which  there 
is  decided  disagreement.     It  is  believed  by  some  that  the  amount  of 
alum  added  is  sutticient  to  exert  an  injurious  eflect  on  the  digestive  tract 
on  account  of  its  astringent  action,  and  to  bring  about  constipation  and 
dyspejisia  ;  others  believe  that  it  can  do  no  harm  whatever,  either  to  the 
consumer  or  to  the  nutritive  value  of  the  food ;  and  still  others  hold 
that,  while  it  is  not  injurious  to  health,  it  lessens  the  nutritive  value  of 
the  flour  by  forming  insoluble  aluminum  phosphate,  and  thus  depriving 
the  system  of  the  phosphates  which  otherwL<e  would  be  absorbed.     It 
is  a  feet  that  flour,  treated  with  alum  on  account  of  beginning  deteriora- 
tion, has  caused  untoward  efleets,  but  it  would  be  impossible  to  deter- 
mine how  much  influence  should  be  ascribed  to  the  alum  and  how  much 
to  the  products  formed  by  the  fermentative  processes  in  operation  before 
the  addition.    The  weight  of  evidence,  however,  is  in  favor  of  the  view 
that  alum  is  not  incapable  of  producing  injury  when  taken  into  the 
system  habitually  in  small  amounts,  and  that  it  should  be  excluded 
from  all  articles  of  food  intended  for  man. 

On  account  of  the  growing  tendency  to  mix  other  mill  products  of 

wferior  value  with  wheat  flour,  such,  for  instance,  as  rye  and  com 

flour,  a  law  was  passed  by  Congress  in  June,  1898,  to  meet  the  evil, 

fod  incidentally  to  make  it  a  source  of  revenue.     All  adulterated  flour 

^  by  the  act  referred  to,  designated  as  "  mixed  flour,''  which  term  "  shall 

be  understood  to  mean  the  food  j)roduet  made  from  wheat  mixed  or 

blended  in  whole  or  in  part  with  any  other  grain  or  other  material,  or 

"*e  manufactured  product  of  any  other  grain  or  other  material  than 

Vncat."     Under  the  provisions  of  the  law,  all  persons  engaged  in  the 

business  of  making  mixed  flour  art*  retjuired  to  pay  a  s|>ecial  annual 

Jw,  every  package  must  be  labelled  plainly,  the  names  of  the  ingrod- 

'ents  being  set  forth,  and  upon  everv'  package  of  19()  |)ounds  a  tax  of  4 

^ts  shall  be  jXiid.     Under  the  regulations  of  the  Tre^isurv^  the  term 

"mixed  flour"  L<  held  not  to  include  "  tlie  milling  product  from  corn, 

lye,  buckwhejit,  rie(»,  or  other  cereals  than  wheat  put  upon  the  market 

18  the  flour  or  meal  derived  from  such  cereals,  although  the  prcnluct 

Bay  contain  a  percentage  of  wheat  flour.'' 

The  detection  of  other  cereals  and  starches  in  wheat  flour  is  accom- 
lished  best  by  means  of  the  microscope,  since,  as  will  apjK^ar,  each 
IS  ite  characteristic  appearance.  According  to  Vogel,  70  per  cent. 
loofaol  containing  o  |>er  cent,  of  hydrochloric*  acid  remains  colorless 
iter  being   used   to   extract  pure  wheat  or  rye,  turns  pale  yellow 
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if  barley  or  oats  be  present,  and  orange-yellow  if  mixed  with  pea 
flour. 

Rye. 

In  external  appearance,  rj'e  presents  a  close  resemblance  to  wheat, 
but  the  kernels  are  darker  in  color  and  smaller  in  size.  It  is  by  no 
means  so  important  as  wheat  as  an  article  of  food  in  this  oouutn-,  but 
in  some  parts  of  Europe  it  constitutes  the  main  food  supply  of  the 
peasantry. 

According  to  Wiley,  a  typical  American  rye  should  have  approx- 
imately the  following  composition  : 

Moisture 10.50 

Proteids 12.25 

Ether  extract 1.50 

Crude  fiber 2.10 

Starch,  etc 71.75 

Ash _  1.90 

100.00 

American  rye  is  smaller  than  that  grown  abroad,  and  contains  less 
moisture.  The  proteids  of  rye  are  more  like  those  of  wheat  than  those 
of  any  other  cereal,  and  in  consequence  rye  stands  next  to  wheat  in 
adaptability  for  bread-making.  The  yield  of  gluten  is  inferior  in 
amount  to  that  obtainable  from  wheat. 

The  starch  of  rye  is  much  like  that  of  wheat.  The  granules  are 
rather  more  variable  in  size,  the  smallest  of  each  kind  being  about 
equal,  but  the  largest  of  rye  somewhat  surpassing  those  of  wheat. 
There  is  but  one  point  of  difference  in  microscopic  appearance  which 
has  any  value  in  detecting  the  admixture  of  rye  with  wheat,  namely, 
that  a  certain  fair  proportion  of  the  larger  sized  granules  of  rj'e  present 
irregular  cross<»s  or  fractures.     This  is  illustrated  in  Plato  VII.,  Fig.  2. 

Bread  made  from  rye  flour  is  but  little  inferior  in  nutritive  value  to 
that  from  wheat,  but  it  is  less  plesising  to  the  eye,  l)eing  of  a  brownish 
tint,  and  it  has  a  {x?culiar  sour  taste,  not  altogether  agreeable  on  first 
acquaintance.  Not  uncommonly,  its  use  by  one  not  habituated  to  it 
causes  a  tendency  to  diarrhoea,  which,  howe\'er,  is  soon  overcome. 

Barley. 

This  im]X)rtant  cereal  is  used  mainly  in  the  manufacture  of  beer,  and 
but  to  a  limited  extent  as  a  food.  I)(»privtHl  (»f  its  husk  and  rounded 
and  polished  by  attrition,  it  is  known  jt<  **  i)earl  barley,"  and  in  this 
form  is  used  more  or  less  in  the  pR^paration  of  barley-water,  a  drink 
for  invalids.  In  its  comiK)sition,  barley  is  very  similar  to  whcjit  and 
rye,  but  as  its  proteids  yield  no  gluten,  it  cannot  be  made  into  bread. 
It  is  mixwl  sometimes  with  wheat  flour  for  puri^oses  of  bread-making, 
but  the  product  is  less  palatable  and  less  digestible  than  ordinary' 
bread. 

Wiley  gives  the  following  as  the  appmxiniate  com|H)sition  of  a  typi- 
cal American  unhulled  barlev  : 


PLATE  Vlll. 

Fig.   1. 
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Barley  Starch.    X  285. 
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Oats  Starch.    X  285. 
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Moisture 10.86 

Proteids 11.00 

Ether  extract 2.25 

Ci-ude  fiber 3.86 

Starch,  etc 69.55 

Ash 2.50 

100.00 

The  proteids  include,  as  in  all  cereals,  a  number  of  complex  sub- 
stances, chief  of  which  is  hordein.  The  starch  granules  are  like  those 
of  wheat,  but  are  less  variable  in  size.  (See  Plate  VIII.,  Fig.  1.)  In 
the  manufacture  of  malt  from  barley  for  brewing,  a  peculiar  nitroge- 
nous product,  diastase,  is  formed,  which  has  the  property  of  converting 
.starch  to  sugar. 

Oats. 

Oats  are  much  used  as  human  food  in  the  form  of  oatmeal,  which  is 
the  product  of  grinding  the  kiln-dried  seeds  deprived  of  the  husk. 
The  meal  has  a  peculiar  taste,  which  is  both  sweet  and  bitter. 

The  composition  of  unhulled  American  oats,  as  given  by  Wiley, 
Ls  as  follows : 

Moisture 10.00 

Proteids 12.00 

Ether  extract 4.50 

CVude  fiber = 12.00 

Starch,  etc 58.00 

Ash 3.50 

100.00 

The  mean  composition  of  oatmeal,  according  to  Blyth,^  is  as  follows : 

Moisture 12.92 

Proteids 11.73 

Fat  ...    : 6.04 

Sugar 2.22 

Dextrin  and  gum 2.04 

Starch 51.17 

Fiber 10.83 

Ash 3.05 

100.00 

The  proteids  of  oats  yield  no  gluten,  and  hence  this  article  of  diet 
cannot  be  made  into  bread,  though  with  water  it  can  be  made  into  thin 
cakes,  which  are  most  palatable.  Fat  is  present  is  greater  abundance 
than  in  any  other  cereal.  The  starch  granules  are  very  small  l>oly- 
hedra  which  show  neither  hilum  nor  concentric  rings.  They  U.md  to 
adhere  together  in  masses  of  variable  size,  which  are  disintegrated 
easilv  bv  trituration  in  a  mortar.  The  single  granules  are  shown  in 
Plate  VIII.,  Fig.  2. 

Oatmeal  is  a  very  nutritious  article  of  diet,  used  largely  as  a  break- 
fast food  in  the  form  of  porridge.  It  has  a  somewhat  laxative  action, 
and,  therefore,  should  not  l>e  eaten  in  irritable  conditions  of  the  bowel. 
It  is  also  likely  to  disagree  with  some  dyspeptics,  because  of  its  ten- 
dency to  cause  acidity  and  heartburn. 

'  Foods:  Their  Composition  and  Analysis,  London,  1896,  p.  210. 
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Com. 

In  the  American  u8aD;e  of  tlie  wnnl,  c^irii  includes  the  several  varie- 
tie.*^  i«t'  Indian  rijrn  ik'  maize.  In  Knj^^lantl,  the  term  is  applied  gener- 
ally tn  wheiJl\  rvt^  oats,  and  bark'v,  and  nuav  spefilieally  U\  wheat  :  in 
Hcothuid,  it  tHinnimnly  jneans  t»at<.  In  tlie  I'liittil  States,  <T»ni  L*^  in 
many  ways  the  jnost  ini[><*itant  nf  the  *'ereids,  etmstilotini;  in  s«»ine 
partjs  of  the  tNTuntiy  the  eliief  bread  ibod,  and  being  the  main  souree 
uf  sitaivh  uihI  glueose. 

The  c»hief  varietii's  ar<' tient  t'orn,  showinjiir  a  (k'pression  in  the  outer 
end  of  the  kernel;  tlint  mrn,  having  a  hard  >ni(Kith  exteri(ir;  sweet 
etirn,  rich  in  sii^ar  antl  shri\  'llin^  wlien  rijie  ;  and  pnpH-oni,  a  very 
Hinty  variety  with  small  kernels,  wliieh  contain  a  considerable  amount 
of  oil,  which,  in  the  pi'oces.s  of  rosistini^ri  expki^les  and  muses  the  extru- 
sion of  the  starchy  interior  in  the  form  >o  nnivcrsidly  familiar.  The 
variety  in  most  etujumai  »ise,  imin  \vhi*'li  the  several  kinds  of  meal^ 
hominy,  tnid  samp  an"  tlerivc<k  is  the  flint  eorn.  Hominy  is  the  jmnl- 
uct  obtained  l>y  ^rindin^  cfiarsely  the  kernels  deprivetl  of  the  hull  by 
soaking.  Samj*  is  th :  whole,  or  praetii^illy  the  whole,  of  the  kernel 
minns  the  germ  atul  Imlk  Indian  meid,  \\v  Cfirn  meal,  is  the  jmiduet 
obtainetl  by  grinding  the  kernels  Ijctwwn  stones  or  by  other  [n'<H'esses 
of  milling,  and  removing  more  or  lesy  of  the  bran  by  sifting  i»r  bivlt- 
ing.  Aecorthng  to  the  process  employed,  we  have  nuirse  and  fine,  and 
white  and  yeUow  nn^ak  Prejmrcil  with<»nt  n-nanal  of  tlie  germ,  wliieh  \> 
r\A\  in  oik  the  i)n)dnct  is  prone  to  beeume  rancid  and  mmildy  on  kwpiiig. 

From  a  large  nund^er  (»f  analyses,  \\  ili*y  dtdiiet^s  the  lbllo\\'iug  as 
the  apprrtximate  com]iositiun  of  typical   Indian  e(Ji*n  : 


Ether  extnut  , 
Criklt^  lilitr.  . 
Starch,  etc  * 
Asli  .    .        .    . 


10,75 

laiK) 

4.25 

1J5 

71.75 

1^ 

lOO.(K) 


The  average   of   19   analyses  of  samples  of  sweet  corn  by  CiiflFoi*d 
Riehanlson,  quoted  by  Wiley,  &ihow*s  : 

Moistiiit? 8.44 

Proteids  .    .    , 1L48 

Ether  extract  8.57 

Start h,  etc 64>.72 

Anh ,     __1^^»" 

lOO.OO 

The  eomjKisition  of  fine  meal  is  given  In-  Wiley  as  follows  : 

Moinlure.    , , 12.57 

Pmti'idH  , 7J3 

Kther  extract .    .       \M 

Total  carbohydrates .        .    78.36 

Ai*h  ,    .    .    / 0.61 

100.00' 


Corn   Starch.     X  288. 


Fig.  2. 


Rice  Starch.     \    285. 


MICK, 
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The  l(»\vfn'<l  percen tail's  of  pmtoitls  nm]  fats  here  sliown  f\ve  due  to 
the  reiixAiil  uf  the  jj:errii,  rich  in  tat,  and  nj'  the  finer  envelH|)es,  rieli 
in  proteids. 

The  {>r<>teids  »»f  foru,  a.^  deUTinini  il  bv  Cliltteuclen  nod  Osbfirne,  an*^ 
made  up  *)t'  sevend  f^lubulin^,  ineliidhiii[  rnyt>sine  and  vitelline,  two 
rla-^ses  of  allmniins,  and  twu  ut'  /uiir^.  'Vlw  starch  ^rainik's  :tre  Jioly- 
iHnh^al  with  rounded  iui^los,  and  liave  a  [>ini<'tifnnn,  sometimes  .stellated^ 
liihirn.  They  are  nnieh  lart^^r  than  th«>se  of  lats,  whieli  they  renemble 
somewhat  in  fonn.     They  are  shown  in   Plate  IX,,  Fig,  1, 

On  account  of  its  detiineney  in  gluten,  mrn  meal  i>  o*^t  well  arlapt^^l 
to  the  makint:  *>f  lesivened  bread,  but  it  is  nstnl  in  many  Umns  uf  sub- 
stitute^ theref«>r.  It  is  nuxtnl  with  salt  atid  water,  sometimes  with  the 
addition  ni'  milk  or  eg^^,  and  baked  into  not  over-thiek  cakes,  w^iieh, 
aeeoi-dintr  to  tlie  inetli*>d  ni'  pre()amtif>n  and  baking,  are  known  iiK 
joliinnyitike,  vf»rn  dodder,  (*<^rn  pnnr,  and  vorn  l>r*-a4l.  Sanctimrs,  yeast 
and  bakint;  jwiwder  are  emplcKt^l.  Corn  mt»al  is  nstni  rxU'nsively  in 
the  form  of  hasty  pudtlin^,  or  cxirn  nuishj  ;uk1  of  Indian  ptidding.  In 
whatever  form  n:'setl,  eurn  meal  is  a  most  nutritiou,s  and  wlnileHjine  fofrtl. 

Rice  h  the  principal  food  of  a  very  large  part,  estimate*!  at  abrmt  a 
third,  of  the  hmuau  mee.  Bein^,  as  will  be  t^een,  too  px>r  in  pnjteids^ 
fat,  and  minenil  matter  fci  satisfy  alomj  the  needs  of  the  botly,  the  dt^ 
ficieneies  ai-c  met  by  other  vegetaiile  prodnets,  as  beimn  and  jM^as,  wldeh 
are  rich  in  these  const  it  m-nts. 

The  form  in  whi(*h  riee  is  s<*en  in  the  household  is  the  ivsult  of  a 
polishing  proi^*S8  wlii<di  removes  tlie  reddisli  cuticle  which  the  gmki 
shows  on  removal  of  the  husk.  Wiley's  tifrures,  representing  the  com- 
position i»f  typi**al  pi^Usht^l  rire,  are  as  tblluws  : 


PrnteutN  . 
Ellier  extraci 

Siaivh,eti. 


12.40 
7.oO 
n,4t) 
0.40 

78.80 

lOO.W 


Rit*e  is  the  richest  of  thr^  ct^t^ds  in  stan*h,  and  the  poorest  in  all  other 
r<v]»t^:ts.  The  proteiils  havi'  not  yet  Inrn  studied  systi'iuiitit-dly.  Its 
starch  is  very  rjsily  ilige.'^tilde,  and  is  very  nsej'ul  in  all  disnrdcrtiH^l  eon- 
ilitions  of  tlie  digolivc  tract  when  other  solid  ffHKls  cannot  be  borne, 
lender  the  mirrt»s<»ojM%  the  stardi  gnmnles  an*  svpn  to  lie  much  like 
thoso  <d'  eiirn,  Itnt  are  much  smaller  ami  have  shaqRT  angles.  They 
are  sf^paratt^l  less  esisily  from  one  anotlier,  and  are  eonnufmly  in  grouj>s 
of  vannble  size.      They  nn^  shc^wn  in  Plate  IX,,  Fig.  2. 

Riee  csmufjt  be  made  into  Invad,  hut  sometimes  is  mixed  wdth  wheat 
flour,  in  order  to  give  whiteness  to  the  breiul.  It  is  used  miKst  com- 
miinly  in  the  freshly  boiktl  <-Mnditiini  i>r  in  the  iiu'ui  of  [juddiugs.    The 
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most  approved  method  of  cooking  it  is  steaming.  This  has  the  advan- 
tage of  not  taking  away  any  of  the  already  deficient  proteids  and  salts, 
which  to  some  extent  are  extracted  in  boiling,  and  also  that  it  leaves 
the  kernels  distinct  in  themselves,  and  not  aggr^ated  in  the  form  of  a 
soggy  mush,  such  as  is  produced  often  by  improper  boiling. 

Buckwlieat. 

This  valuable  cereal  is  used  very  extensively  in  this  country  as  a 
breakfast  food  in  the  form  of  pancakes  eaten  hot  with  syrup  or  with 
butter  and  sugar.  As  it  is  devoid  of  gluten,  it  cannot  be  made  into 
bread. 

The  composition  of  typical  American  buckwheat  is  given  as  follows : 

Mobture 12.00 

Proteids 10.75 

Ether  extract 2.00 

Crude  fiber 10.75 

Starch,  etc 62.75 

Ash _h75 

100.00 

The  crude  fil>er  is  removed  ver}-  largely  in  the  milling,  and  is  almost 
wholly  absent  from  the  white  flour,  a  sample  of  which,  analyzed  by 
Wiley,  had  the  foHowing  composition  : 

Moistui-e 11.89 

Proteids 8.75 

Ether  extract 1.58 

Crude  fiber 0.52 

Stai-ch,  etc 75.41 

Ash _hH5 

100.00 

Buckwheat  is  the  most  expensive  of  the  cereals,  and  consequently  is 
the  most  subject  to  adulteration  with  the  cheaper  mcml)ers  of  the  class. 
The  admixture  is  detected  readily  by  the  microscope,  sinc<;  the  starch 
granules  have  a  very  characteristic  apj)earancx»,  being  small  and  angu- 
lar, and  of  nearly  uniform  size.  Ordinarily  they  are  seen  in  fairly  large 
masses  which  are  not  disintt^nited  in  the  process  of  milling.  The 
starch  is  shown  in  Plate  X.,  Fig.   1. 

{h)  LEGUMES. 

This  group  coiiipris<.s  {was,  bc»ans,  and  lentils.  It  is  characterized 
by  richness  in  proteids,  wliicli  may  be  present  in  more  than  double  the 
amount  found  in  wheat.  The  chief  pmteid  is  legumin,  which  much 
resembles  casein,  and  is  known  coninionly  as  vegetable  casein.  Accord- 
ing to  E.  Fleiirent,*  tlie  pmteids  of  this  gn)up  consist  of  v^^etable 
cjisein,  com|)ose(l  of  lejxuniin  and  ji^lutenin,  and  vegetable  fibrin,  com- 
lK)sed  of  albumin  and  gliadin.     Tims  : 

'  Comptes  rend  us,  1898. 


Buckwheat  Starch.     /    285. 


Fig,  2. 


Pea   Starch.     X  28B. 
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VegeU.ble<»aei„{i^^"S'"„    .   ]   ]   I   ]   :    [   [   [   [   [   [   I  I  I    X 

y^^^^^^n^{'^:r  ::: ::::::  :■.::: -.A^, 

100.00 

Their  high  content  of  proteids  makes  them  more  satisfying  than  other 
vegetable  foods,  and  enables  them  to  act  as  a  fair  substitute  for  animal 
iu\.  The  millions  of  rice-eaters  who,  by  reason  of  jx)verty  or  religious 
acruples,  are  denied  the  use  of  animal  food,  depend  upon  the  legumes 
to  supply  the  demands  of  the  body  for  nitrogen.  The  East  Indian, 
for  instance,  has  no  difficulty  in  satisfying  his  bixlily  needs  with  a  hand- 
ful of  beans  iulded  to  his  daily  ration  of  rice.  While  legumes  possess  a 
very  high  nutritive  value,  they  must  be  ranked  as  much  more  difficult 
of  digesticm  than  the  cereals.  They  require  prolonged  lx)iling  when 
(XJoked  whole,  but  are  prepared  more  quickly  and  digested  more  com- 
pletely when  ground  into  meal  and  cooked  with  milk.  Even  under 
the  most  favorable  conditions,  a  large  part  of  the  proteids  is  lost  in  the 
excreta.  Kubner  has  shown  that  a  fifth  to  a  thiixl  is  not  digested  and 
absorbed,  whereas  in  the  case  of  bread  the  proteid  loss  is  less  than  a 
seventh. 

Some  individuals  are  obliged  to  for^o  the  use  of  peas  and  beans,  on 
account  of  flatulence  due  to  the  formation  of  sulphuretted  hydrogen 
from  the  sulphur  in  the  l^umin.  This  objection  does  not  apply  to  len- 
tils, since  they  contain  no  sulphur. 


Peas. 

The  average  of  61  analyses  of  peas,  compiled  by  Konig,  is  as  follows  : 

Moisture 14.99 

ProteidH 22.85 

Fat 1.79 

Crude  liber 5.43 

Starch,  etc      52.3(> 

A»h 2.58 

lOO.OO 

When  dried  peas  become  old,  no  amount  of  boiling  will  make  them 
!<»ft,  and  they  should  then  be  sojiked  and  crushed  and  cooked  in 
ome  other  way.  The  immature  pea,  so  highly  prized  as  a  spring  and 
ummer  vegetable,  has  a  verj'  diffi?rent  composition.  Five  analyses, 
ompih^d  by  Atwater  and  Bryant,*  yielded  the  following  average  results  : 

Muititure 74.6 

Pmteids 7.0 

Fat 0.5 

CarbohvdrateH,  including  tiber 16.9 

A»h    .' 1.0 

100.0 
*  I-«oco  citato. 


160  FOODS. 

The  canned  pea  appears  to  contain  considerably  less  nutriment. 
^8  samples  reported  by  the  same  authorities,  none  contained  less 
77.5  per  cent,  of  water,  and  some  contained  as  much  as  92.7.  \ 
average  composition  was  as  follows  : 

Moisture 85.3 

Proteids 3.6 

Fat 0.2 

Carbohydrates 9.8 

Ash 1.1 

100.0 
The  starch  granules  of  peas  are  represented  in  Plate  X.,  Fig.  2. 

Beans. 

There  are  many  varieties  of  beans  belonging  to  the  two  krge  grc 
the  broad  beans  and  the  kidney  beans,  but  their  composition  is  in 
eral  quite  similar.     Forty-one  analyses  of  broad  beans  and  10  of 
ney  beans  compiled  by  K5nig  give  the  following  averages : 

Broad.  Kidney. 

Moisture 14.76  13.74 

Pioteids 24.27  23.21 

Fat 1.61  2.14 

Crude  fiber 7.09  3.69 

Starch,  etc 49.01  53.67 

Ash 3.26  __3.5o 

100.00  100.00 

Eleven  analyses  compiled  from  American    sources  by  At  water 
Bryant  yield  averages  not  materially  different. 

Five  analyses  of  string  beans  in  the  fresh  state  and  29  of  a 
samples  yield  the  following  averages,  showing,  as  in  the  case  of 
that  the  canned  variety  is  less  nutritious : 

Fresh.  Canned. 

Moisture 89.2  1^.7 

Proteids 2.3  1.1 

Fat 0.3  0.1 

Total  carbohydrates 7.4  3.8 

Ash   ...    * 08  1.3 

100.0  100.0 

The  Soja  bean,  which  has  been  rc^eomnicnded  highly  in  some  qu 
as  a  suitable  food  for  diabetics,  is  remarkable  for  its  high  cont< 
fat,  and  contains,  in  addition,  so  large  an  amount  of  starch  as  to 
it  quite  unsuited  to  the  dietary  of  the  diabetic.  Konig  has  con 
21  analyses  from  all  sources,  and  Jenkins  and  Winton  *  have  col 
10  more  from  American  sources.  The  two  groups  give  the  fott 
averages  : 
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iranfiF         Jenkins 
*^onig.     ^^^  winton. 

Moisture 9.51  10.80 

Proteida 33.41  33.98 

Fat 17.19  16.85 

Crude  fiber 4.71  4.79 

Starch,  etc 29.99  28.89 

Ash 5.19  4.69 

100.00  100.00 

Bean  starch  is  shown  in  Plate  XI.,  Fig.  1. 

Lentils. 

Lentils  are  the  most  nutritious  of  the  l^umes,  but  are  not  a  popular 
SickI  in  this  country,  excepting  among  certain  of  the  foreign-born 
population.  Their  use  is,  however,  on  the  increase.  The  averages  of 
14  analyses  compiled  by  Konig  are  as  follows : 

Moisture 12.34 

ProteidH 25.70 

Fat 1.89 

Crude  fiber.       3.57 

Starch,  etc 53.46 

Ash 3.04 

100.00 

2.  Farinaceous  Preparations. 
Under  this  head  are  included  sago,  tapioca,  and  arrowroot. 

SAOO. 

^^*^go  is  derived  from  the  pith  of  the  stems  of  a  number  of  species 
^}  palms.  The  pith  is  extracted  and  ground  to  a  ]X)wder,  which  then 
i^  nuxed  with  water  and  strained.  The  starch  granules  pass  through 
with  the  water,  and  are  deposited  as  a  sediment,  which  constitutes  the 
^Js*^  flour.  From  the  flour,  made  into  a  jmste,  the  various  forms  of 
K^^^uulated  sago  are  prepjired. 
ougo  ig  an  important  starch  preparation,  and  serves  as  a  light  and 

^^^^^tible  food  for  invalids  and  dyspeptics,  but  its  use  is  not  restricted 

t'»  these  alone.  It  absorbs  the  li(juid  in  which  it  is  cooked,  and  becomes 

^^^  and  transparent,  but  retains  its  original  form. 

TAPIOCA. 

Tapioca  is  derived  from  a  thick  fleshy  tuberous  root  called  "  mani- 
iK>t.'*  The  starch,  which  is  extracted  by  a  method  similar  to  that  em- 
I^loyed  in  the  preparation  of  sago,  is  heated  in  a  moist  stiite  on  hot 
plates  and  stirrcd  with  iron  rods,  and  thus  forms  irregular  masses  of 
transparent  granules.  In  the  process  of  heating,  many  of  the  starch 
^nuoules  become  ruptured,  and  are  then  partially  soluble  in  cold  water. 
Tapioca,  like  sago,  is  useful  for  both  sick  and  well. 
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ABBOWBOOT. 

Arrowroot  is  a  pure  form  of  stiirch  from  the  tuberous  root  of  the 
maranta.  Its  name  is  derived  from  the  fact  that  the  maranta  root  is 
believed  to  counteract  the  effects  of  arrow  [wison.  It  is  used  chiefly 
as  a  bland  article  of  food  in  the  sick-room  in  the  form  of  light  pudding 
or  other  desserts,  but  may  be  combined  with  other  starch  foods  and 
made  into  bread.  There  are  several  varieties,  the  best  of  which  conu^^ 
from  Bermuda  and  Jamaica.  Com  starch  is  employed  frequently  as  u 
feir  substitute.     Arrowroot  starch  is  shown  in  Plate  XI.,  Fig.  2. 

3.  Fatty  Seeds  (Nuts). 

Nuts  are  rich  in  fat  and  proteids,  but  contain  no  starch.  They  are 
of  high  nutritive  value,  but  on  account  of  their  richness  in  fat  they  are 
not  easily  digested,  even  when  reduced  to  a  finely  divided  state. 


ALMONDS. 

In  the  countries  where  they  are  produced,  the  almond  is  eaten  both 
in  the  green  and  dry  conditions.  The  ripe  kernel  has  a  skin,  with  a 
bitter  disagreeable  taste.  When  this  is  removed  by  soaking  for  a  time 
in  warm  water,  the  almond  is  known  as  *^  blanched.^' 

There  are  two  varieties  of  almond,  the  sweet  and  the  bitter,  both  of 
which  contain  more  than  50  per  cent,  of  oil,  about  half  as  much  pro- 
teid  material,  gum,  sugar,  and  crude  fiber.  Both  contain  emulsin,  a 
substance  which,  in  the  presence  of  water,  acts  u{)on  the  glucoside 
amygdalin,  present  only  in  the  bitter  variety,  to  form  hydrocyanic  acid, 
glucose,  and  benzoic  aldehyde.  On  account  of  this  reaction,  the  bitter 
almond  is  not  always  safe,  and  fatal  results  have  occurred  from  its 
ingestion. 

When  almonds  are  baked,  they  are  made  more  brittle,  and  are  re- 
duceil  more  easily  to  a  powder. 

C0C0ANUT8. 

The  fleshy  white  kernel  of  the  cocoanut  contains  about  70  per  cent, 
of  fat.  Tlie  milky  interior  is  chiefly  water,  but  contains  nearly  7  jx»r 
cent,  of  sugar. 

WALNUTS. 

All  of  the  trees  of  the  genus  Juglans  yield  nuts  classed  as  walnuts. 
The  different  varieties,  though  varying  in  outwanl  appearance  and  in 
taste,  have  practically  the  siime  composition.  They  contain  about  (>0 
per  cent,  of  fat,  about  1 0  per  cent,  of  proteids,  and  about  7  {)er  cent, 
of  sugar  and  gum.  The  hazel  nut,  which  belongs  to  the  oak  family- 
has  about  the  same  composition. 


OLIVE  OIL.  15a 

PEANUTS. 

The  peanut,  known  also  as  ground  nut  and  goober,  is  less  rich  in  fat, 
bat  richer  in  proteids  than  otlier  nuts.  It  contains  about  45  per  cent. 
of  the  former  and  about  30  per  cent,  of  the  latter. 

CHESTNUTS. 

The  chestnut  is  not  of  this  class,  but  for  convenience  will  be  con- 
sidered here  rather  than  with  the  farinaceous  seeds,  in  which  class  it 
properly  belongs.  It  contains  but  little  fat  and  proteids,  about  15  per 
cent,  of  sugar,  about  25  per  cent,  of  starch,  and  about  50  per  cent,  of 
moisture.  It  is  very  indigestible  in  the  raw  state,  and  even  when 
rooked  is  very  trj'ing  to  the  digestion  of  those  with  weak  stomachs. 
It  la  used  very  extensively  as  a  food  by  the  French,  Spanish,  and  Ital- 
ian peasantry  in  various  cooked  forms,  and  largely  in  the  form  of  bread. 

4.  Vegetable  Fats. 

The  v^etable  fats  include  the  oils  derived  from  the  olive,  cotton- 
wed,  peanut,  and  other  seeds.  They  are  used  in  the  preparation  of 
sJadii  and  for  frying.   The  most  important  are  the  two  first  mentioned. 

OLIVE  OIL. 

Olive  oil  is  a  bland  fixed  oil  derived  from  the  fniit  of  the  many 
varieties  of  the  olive  tree.  It  is  known  by  varioas  names  which  desig- 
nate the  grade,  but  is  sold  for  the  most  part  as  virgin  oil,  which  is  the 
dioicest  grade  of  all  and  not  extensively  marketed.  Virgin  oil  is  made 
frpm  the  choicest  olives,  about  three-fourths  ripe,  which  are  bruised  only 
slightly  in  the  mill,  so  that  only  the  olive  pulp,  and  not  the  stone,  is 
<*mshed.  The  crushed  mass  is  gathered  in  a  heap,  and  the  oil  is 
"lowed  to  drain  away  without  pressure  or  other  influence  of  any  kind. 
The  product  has  a  greenish  tint  and  a  far  more  delicate  taste  than  that 
"^  in  the  manner  to  be  described. 

In  the  manufacture  of  the  grades  oixlinarily  seim  in  the  market,  the 
**hve8,  both  pulp  and  stones,  are  ground  into  an  oily  ])aste,  which  is 
P^ked  into  bags  made  of  woven  gniss.  These  are  placed!  in  piles  and 
^"jected  to  pressure.  As  the  oil  dniins  away,  l)oiling  water  is  applitnl 
^^  the  bags  to  keep  up  the  flow,  and  that  which  is  tlius  obtained  eoii- 
^titutes  the  lower  gra<le.  Sometimes,  the  pressed  pulp  is  thrown  into 
^^f  and  separated  from  the  broken  kernels,  which  sink  to  the  l)ottoni. 
*"^  pulp  is  then  gathered  up  and  pressed  agjiin. 

^h  account  of  the  cost  of  pure  olive  oil,  adultenition  with  other 
!*^peroils  is  practised  very  extensively.  The  principal  adulterant 
^^tton-seed  oil,  which  isexportcKl  fiY>m  this  country  in  large  quantities 
"^f  this  and  other  purposes.  Much  of  the  oil  sold  in  this  country  as 
^*^'e  oil  is  cotton-seed  oil  put  up  in  the  clK»a])est  kinds  of  bottles, 
•*>Hied  with  gaudy  labels  bearing  inscriptions  often  not  remarkable  for 
•^^inicy  in  the  use  of  the  French  language.     The  author  has  seen,  for 
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exaniplo,  lalwls  which    irKlirut*fl    thjit   Hio  contents  of  the   bottle?-  liiid 
bii-ti  *'  virginatnl/' 

A<liiltoniti*>u  <*f  tilivc  oil  tn  only  a  slight  extent  with  the  eh(.tijH*r 
oils  18  by  no  iiietin>  easy  of  deti^'tion,  but  when  the  fraud  is  fliirly  ex- 
tensive it  may  Iw  shown  by  ehemiexd  tests  and  by  the  use  of  the  re- 
fiiu' to  meter,  tlie  refmetive  index  of  olive  oil  behi|^  lesH  than  tliat  of 
iIh'  elieaper  sulistitutes.  The  iodiDe  mmiber  and  sapouifieiition  fN|iiiv- 
aleiit  of  itlive  oil  are  bith  k^s  tlian  those  of  its  adiilteraots*  The  lie- 
havifjr  of  olive  oil  in  eoiitiiet  with  Jiitrie  acid  or  with  aleoliolie  s<iliition 
i»f  nitrate  of  silver  i^  markeiily  different  from  that  of  the  eh(^i|ier  oil^. 
Thus,  eiitial  volumes  of  st»H>iitf;  nitric  acid  aud  olive  oil,  mixtnl  together 
imd  agitatetl  iu  a  flask,  give  a  projlucl  whii'h  has  either  a  gr*viiish  tiuge 
<jrat  most  oue  inclining  to  orange,  and  no  marketl  change  is  |>en*c])til>lc 
on  standing  for  five  or  ten  minutes  ;  whereas  eotton-sctHi  oil  siniilarly 
tixiitcx!  yields  almost  imouHliately  a  nnldisli  o<:»lor,  which  sliortly  iiarken.s 
4md  iRH'omcs  dark  brown  or  almost  lilack. 

Agiuii,  if  1*2  ec,  of  a  snsjMHtNl  sjimple  mv  mixtnl  in  a  test  tnl>e  with 
5  ec.  of  a  2.5  j>er  cent,  solution  of  nitnite  of  silver  in  ft 5  jier  cent, 
alcohol,  and  placefl  in  a  }>eakcr  of  boiling  water,  the  resulting  change 
uf  color  gives  indieatinns  as  follows:  if  olive  oil,  the  ctiior  is  grtvnish  ; 
if  eottoU'St^iHl  oil,  it  becomes  black  ;  if  st^imc  oil,  it  is  dark  n/ddish- 
ltn>wn  ;  if  peanut  oil,  it  is  at  first  rcdilish  bi\>wn,  then  greenish  and 
turbiil ;  if  l^oppy  oil,  it  in  green isli  yellow.  For  further  details  of 
clnmiiejd  tests,  tlie  rejider  is  refem^l  to  the  stjmdani  works  on  the 
adultcmtinn  of  HhAs, 

COTTON  SEED    OIL. 

This  very  im|H>rtant  and  cheap  vegetalilc  fat  is  a  ]M:Tfei^tly  whole- 
Huue  ami  dcsinilde  article  of  focxk  It  is  nincli  ustnl  under  its  mvn 
Uiune  as  a  sulj.'^titnte  tor  lanl  and  olive  oil  for  frying,  juid  in  jilaec  of 
tlie  latter  as  an  ingre<Iicnt  of  dressings  for  salads.  It  lacks  the  fine 
tla\orof  olive  oil,  but  its  substitution  in  dressings  ejui  be  dcttM'tHi  only 
by  the  educatnl  palattv.  From  a  hygienic  standpf^int,  there  is  abso- 
hit44y  no  ol^jtH'tion  to  its  nst^  in  the  preiwinition  of  foods.  The  same 
may  be  siiid  of  the  other  chmj*  vegi'taljle  oils. 

5.  Tubers  and  Roots. 

In  the  c<K*kiug  of  tulxMs,  nnits,  and  other  vegctiiblesj  the  albumins 
tmtl  globuMns  are  ei>agnlatc<h  the  hl>r(ai>  matters  in  the  cell  walls  nvr 
^ortem^l  an<l  ruptiirtMl,  the  starch  graindes  swell  and  f>ru^st^  the  stareli 
i(*H*lf  iHH'onies  sonH'what  changed  in  character^  and  the  whole  mass  is 
Uuide  more  digestible.  Wh(  n  boiling  is  the  process  cmployiHl,  part  of 
the  minend  matter  and  inon'  or  less  of  the  i*thcr  soluble  substauees, 
tnehulitig  certain  proteid  material,  are  extracti<l  inid  htst. 

POTATOES. 

Tilt*  potato  IS  the  most  important  member  of  this  gninp.  It  was  intro- 
%)iltXHl  into  Spain  from  Peru  about  the  middle  of  the  sixteenth  century, 


PLATE  XII. 


Potato  Starch.     X  288. 


POTATOES. 
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and  later,  in  1585,  into  Irc'land  from  Vir^itik,  bv  Sir  Walter  Raleigh, 
who,  m  the  fulknving  yeiir,  iiitiixhuvti  it  also  into  KufrlaiifL  Hiiur  to 
tlmt  time,  and  even  later,  what  was  known  in  Knt::lantl  as  the  j>otati» 
and  the**eonminn  [jnitiito  *'  men  tinned  In' (jemrd  in  liis  Herbal  (l-i^I), 
were  8weet  potato »es,  **  hatiita,**  ititn>dneed  Imni  Spain. 

The  avem^^es  of  MUy  analyses  (American  .samples)  eornpiled  hy 
Atwatcr  and  Bryant  are  as  foilfiws ; 

Mokture 78^^ 

Ptoteids    .    .  .2.2 

Fftt.  ....  .     OJ 

Total  cairbohydrat4ii4  . 18.4 

Ash 1^.0 

lfXM> 

Thew  Hgnivs  dilfer  hut  slightly  from  the  aveiiiges  of  1 78  analyseiS 
4)f  Eiirr)j>eiin  .samples. 

The  proteids  t4'  the  jHjtat^^  are  eliietly  in  the  allMiniinons  jnii*e  l>e- 
twec^n  and  in  the  eells.  Mo.-^t  M'  the  mineral  matter  is  sidts  of  [»otas- 
smmj  and  this,  1<h>,  is  almost  wholly  in  the  juit^.  The  stareli  was  di.s- 
oavered  by  Lenl»ert  and  ijeorgiewsky  ttj  he  acted  upon  mneli  nmi'e 
readily  by  the  salivary  enzyme  than  any  of  the  t*ereal  starelies.  The 
8tareh  t^ninnles  ar«'  nuieh  larger  and  more  irregular  in  shajie  tlian  any 
<»f  thoc^e  thus  far  shown.  The  hiliini  and  wjneentrie  rings  ure  (piitc 
<lii*tiiiet.      (See  Plate  XII.) 

In  the  pmcjess  of  cooking,  the  all>inninous  jni<*e  is  i-nagnlatefl  and  its 
watery  part.  i.s  absorbed  by  tfie  stareh  gnnuihs,  whieh  swell  and  eon- 
>«tiuently  distend  the  i/ells  in  whielt  tliey  are  liMlge<h  The  eolieix^nee 
of  the  eelLs  is  reilueLnl,  antl  then  they  are  sepiirated  easily  int<»  a  mealy 
nms^  If  the  watery  |mrt  of  the  jniee  is  not  w*holly  absorlRth  tlie  eells 
are  .sejiarate<l  with  n^ore  or  less  ditln^tlty,  the  [lotato  n/rnains  Hrm  instead 
f>f  Ihm^ >mi ng  mealy,  anil  is  th4'ii  spokt^n  of  as  iAu<i\  waxy,  or  watery. 
In  this  state  it  i.s  digesteil  nuieh  less  easily,  atjd  niay,  indcrd,  Iw  very 
trying  to  the  .stomat^i.  The  same  condition  is  notitXKl  in  the  case  of 
pcitatoe^s  whieh  have  Imh^u  frozen  ;  they  are  ver\'  watery  and  of  infei'ior 
Jiavor  hi>wever  they  are  e*M»k(^L 

Ae(*or(ling  to  Balland/  tlie  mealy  condition  is  dne  not,  as  snpposed, 
to  an  e>ixHna!ly  liigli  i-ontcnt  of  starch,  but  to  a  low  jM'reentag^'  of  id- 
bumin,  for  a  potato  rich  in  this  substane<^  kec|»  its  shape  and  tieitlier 
cracks  nor  talis  a|iart.  He  also  points  nut  that  beiirath  the  skin  there 
are  thni'e  wellHleiine<l  layers,  whielj  may  retalily  1m>  >(^vn  by  holding  a 
thin  ems.s-s(»etion  against  a  stri>ng  light.  Tlie  on  tern  lost  i>  riclie>t  in 
March  and  |XM)rest  in  proteids,  but  in  the  innermiist  these  conditions  are 
rever«e<l  ;  the  middle  layer  it^presents  the  nieiin  eomjiosition  of  the 
whole. 

The  loss  which  oeeurs  on  boiling  is  nnu'li  less  when  the  skins  are 
left  intact  tlmn  when  removeil ;  the  greatest  loss  fH'cnrs  when  the 
patatocri  are  peeletl  first  and  then  soaked  in  (Xjld  water.  When  eooked 
by  steaming,  there  is  no  loss  whatever.     The  material  lost   in   l»oiling 

*  Jounial  de  Pharmude  et  ile  Cheiuk\  181*7,  Vt 
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a,  fiber,  pectoee,  fat.  et«. ;  6.  non-albuminoid  nitro- 
genous matter;  r,  albuminoid  nitrogenous  matter; 
it,  mineral  matter.  The  hatehed  portion  represents 
the  loss.    (Afl^r  Snyder.) 


has  been  determined  by  H.  Snyder '  as  follows  :  Skins  removed,  soaked 
3  hours :  total  nitrogen,  46  per  cent. ;  ash,  45.6  per  cent.  Skins  re- 
moved, not  soaked  :  total  nitrogen,  16.9  per  cent. ;  ash,  17.9  per  cent. 

Skins  not  removed  :  total  ni- 
Fio.  6.  trogen,  1  per  cent. ;  a^h,  3.4 

per  cent. 

The  compoK^idon  of  the 
potato  and  the  loss  of  nutri- 
ents when  boiled  with  the 
skin  removed  are  ^^ho\ra  by 
Snyder  by  a  drawing,  which 
is  here  reproduced.  (See 
Fig.  5.) 

Potatoes  are  so  deficient  in 
nitrogen  that  alone  they  do 
not  constitute  a  proper  ra- 
tion, but  with  fix)ds  rich  in  proteids,  such  as  meats,  beans,  or  peas, 
they  are  valuable  and  economiml. 

The  juice  of  the  potato  contains  citric  acid  and  citrates  of  potafisium, 
sodium,  and  calcium,  which  fact  accounts  for  the  antiscorbutic  value  of    1 
this  vegetable. 

Attention  has  often  l)een  called  to  the  fact  that  the  potato  belongs  to 
a  poisonous  botanical  family,  which  includes  belladonna,  stramonium, 
hyoscyamus,  and  tobacco,  aU  pmverful  narcotic  plants ;  and  it  has  been 
pointed  out  as  a  paradox  that  this  valuable  food  possesses  no  poisonous 
pro{)ertios.     This,  however,  is  not  tnie,  for  the  potato  has  been  the  fre- 
quent cause  of  more  or  less  extensive  outbreaks  of  poisoning,  and  i^ 
has  long  bet^n  known   that  the  normal  potato  contains  about  .006  per 
cent,  of  sol  an  in,  and  that,  when  sprouting,  the  solan  in  content  is  ma^ 
torially  incn^ased.     Between  1892  and  1898,  many  outbreaks  of  poison^ 
ing  occurn^d  in  the  1 5th  (German)  Army  Corps,  which  were  traced  by 
Schmiedeberg  and   Meyer  ^  to  solanin  in  sprouting  or  completely  rip^ 
{K)tat(K's.     Schmiodeberg's  assertion  that  solanin  formation  in  potatoe??- 
is  cjiused  by  bacteria  has  been  proved  by  R.  Weil,*  who  demonstrated 
that    at    least    two    orgjuiisms,    Badenum    solaniferum    non-colorMc^ 
and  B<icferium  Holnnifcrnm  eolorabiJe,  have  the  property  of  producing" 
solanin  from  substances  nornKilly  present. 

A  noteworthy  instiince  of  potato-]X)isoning  is  that  recorded  by  Pfuhl.* 
Fifty -six  soldiers  of  a  company  of  the  German  Army  were  seized  with 
symptoms  of  acute  gjistro-cnteritis.  The  sickness  began  with  chilk, 
fever,  lieadaehe,  colie,  vomiting,  and  diarrh(ea.  In  a  number  of  cases 
then*  was  collapse,  with  mon*  or  less  jaundice.  None  of  the  cases  ended 
fatally,  nor  were  there  any  relapses  or  sequela\  Investigation  showed 
that  the  men  luid  eaten  s})routing  ])otatoes,  a  sample  of  which  yielded 
.0']8  }x»r  cent,  of  solanin,  and  that,  thert^fore,  those  who  had  eaten  their 

'  Depjirtniont  of  Agriculture,  ()ffi(M*  of  P'xiH*riim'nt  Stations,  Bulletin  No.  43,  1897. 

*  Archiv  fiir  expfrinientelle  Patliolo«:ie  uiid  Plijimiiikologie,  1895. 
^  Arcliiv  fiir  lly^'ienc,  XXXVIII.  ( ll»(>0),  p.  XM). 

*  LViilsclie  medioiniticlie  Woclienst'lirift,  181)i^  p.  753. 
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ulJ  portion  of  the  vegetable  hwd  iii^esti^l  ai>iint  0,:l  orram  of  the  poison, 
a  tjimntity  whieli  niuy  e^isily  hidiiee  Neriutis  ?^yiiipt<niis, 

SWEET  POTATOES. 

Tlie  average  t^^imjwsition  iif  sweet  potatoes  (95  analysH??^)  ls  given  by 

Atwater  and  Bryant  a>  foll^^ws  : 

Mowture                 - mM 

Pmt^i.Js     . .  1.8 

Fat     .    - ,    ,  i).7 

Totul  carbyhvdmtt^  27.4 

Ask  ...:..      . hi 


Stareli  ei>n?*titute^   raueh   the  greater  part  of  the   carbohytlRite,s  ;    the 
rt;mainder  ijs  mainly  siig-ar, 

ABTICHOKES. 
The  Jerusalt^m  arti(*lioke  is  .'^o  Tiarne<l,  not  after  the  eity  rtf  Jernsa- 
lera,  but  from  a  eorniption  of  the  Italian  wonl  ymf^fiA',  meiuijng  ^^un- 
fliiwer,  to  whieh  family  the  plant  behmgs.     This  tuber  is  (pilte  sweet 
to  the  taste,  but  it  is  not  so  a^n^eable  as  tlie  jxjtato.  pi,;_  t; 

It  contains  no  gtareh,  but  yields  alxuit  lo  per  eent. 
4»f  t^ngar.  It  is  about  twiee  as  nvh  in  proteiJ^  as  the 
|)otato.     ^\^hen  (HKiketl,  it  lxH^>nies  s<jit  and  watery* 

ROOTS. 

Tbe  csarrot,  beet,  parsnip,  turnip,  oyster  plant,  and 
radish  agree  in  a  general  way  in  ei^rn position,  and 
may  be  considered  togetlu'r.  They  an*  very  p*>i^r 
in  pn:*teids^  auil  etintain  but  a  small  anioont  nf  other 
nutrientti.  All  of  them  are  valuable  on  aeeount  t*f 
their  antiseorbutie  pn>|K^rties,  fc»r  pnividing  variety 
in  the  diet^  and  tor  flavoring  other  fm>ds.  Tlieir 
iiveiiige  eompositiiiu,  aeeiinling  to  At  water  and 
Bryant,   is  set  forth  in   the   following  table: 


J 

Cwbo- 

1 

No.  of 

W*tor* 

Pioi«ldB, 

Fftt. 

induct- 
ing fiber. 

9.7 

AmK 

Beeta    .  .  . 

24 

87.5 

i.e 

OJ 

lA 

Carrota.    ,    . 

18 

88.2 

Ll 

0.4 

9.3 

LO 

i  Kiiier  plant ' 

1 

80.4 

1,0 

as 

17.1 

1.0 

rSr4rii|«   -    . 

3 

83.t> 

L« 

U.o 

13.5 

1.4 

KaJlslu-s  .    . 

4 

HL8 

L3 

0.1 

5.S 

1.0 

Tiimi^w 

19 

89.6 

LS 

0.2 

81 

0,8 

a,  fiber,  fltarrh,  fat, 
etc. :  h,  Nii^iir -.  f\  noii 
&lbiitn  i  tio  f  (1  nit  TtMscn  oua 
mttttt-'f;  tl,  a  111  u  10  ill  old 
nltroijfentmis  mitttvr ;  ^, 
minonil    mutter.      Tht* 


SnyJer  represents  diagram  mat  ie  illy  tlu^  eonipo* 
Mition  of  the  earrot  and  the  loss  nf  nutrients  when  ft];rTni\V!>!rH^^^^^^^^^ 
Ijoiletl.  (Se</  Fig.  *k)  On  aeer>unt  of  tlie  general  re-  i">iicrS  i After  ssvivKH.k 
semblanee  in  ecmqiosition,  this  ^liagrani  may  be  taken  fairly  to  represent 
the  whole  group. 

*  The  figures  for  oyster  plant  are  taken  from  KonU. 
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6.  Herbaceous  Articles. 

Tljc^e  inolutle  various  Wves,  stenit^,  odiI  8hoot«,  They  cnotain  but 
little  mitrimeiit,  but  are  vakiable  for  their  siilts^  and  for  the  variety 
\vhieh  they  |jiv€^  to  the  iliet.  It  is  to  be  noted,  hnwevcr;  thiit  id  pro- 
tt^iils  they  inx\  a^  a  class,  etjiitil  or  snperior  to  the  tiilxTs  and  roots. 
They  eoiitaiix  unimjHirtiint  nnituints  of  tat  and  sngar.  The  ctibbfUfr  and 
alliiil  plants  an*  not  easily  digested,  and  on  aeeount  of  (V»ntaiiiin*r 
tiiore  or  less  sidplinr,  may  give  rine  to  disjigreeal)le  Hatulenee,  and  are 
not  snittM]  ttt  wrak  dip  stinns.  Spinarh  is  rt*ganled  as  slightly  laxative. 
( ffn-if  is  iiiit  easily  di*j;ested  in  the  raw  state,  Imt  is  easily  Iwirnc  when 
steweth  Ijtiinrt^  erf^f>t,  and  similar  artieles  for  sahHis  are  wliolesuine 
and  digestil)le,  AnjMtrttf/iw^  whllv  eoutaining  but  little  nntrinient,  is 
]*rize<l  jiartieiilarly  ibr  its  di'lit'^Ue  flavi^r  Onions  and  ArAv<,  iK-ing^ 
intHliJitHJ  stems,  in^long  in  this  grouji.  They  eoutain  volatile  oils  which 
art  as  |j:enth'  stimulants. 

The  following  table,  compile!  frcmi  Atwater  and  Bryant,  gives  the 
oompxHition  of  the  membi^rs  of  this  gnmp  : 


<  nuJrriowor 
h^pront,"*  . 
(  eliTV    .    . 

Spinfich 
Heel  tops   , 
liaiidelions 

On  ions 


No.  of 
ADolyteft 


Water. 


91.6 
91.5 
92.3 


Total 

Protcidi, 

Fat. 

carbo- 

hydmtci. 

2,1 

3.3 

2.2 

1.6 

0.3 

5.6 

1.8 

0.5 

4J 

4.7 

1.1 

4.3 

1.1 

0.1 

8.3 

1.2 

0,3 

2.9 

2.1 

0.3 

3.2 

2.2 

a4 

3.2 

2.4 

1.0 

10.6 

1.2 

0.5 

5.8 

L6 

03 

%.% 

Ash. 


0.8 
1.0 
OJ 
1.7 
LO 
0.9 
2.1 
1.7 
4.6 
0.7 
0.6 


Fto.  7. 


G,  Starch,  sugar,  fiber,  fftt.  cle. ;  fe,  non-albuminititl  nltmBenou*  matter;  r,  albuminoid  nltrogca- 
OUB  matter;  (f,  mineral  matter.    The  batcIiDd  porlioti  rcpn*Aetitfi  the  loi£.    (After SKYDiea.) 

The   compmition    of  the    nilihafre  and    the    Iok*^   inenrred    thn)no'b 
b( filing    are  .<ho\vn  in   the  aeeonifianyin^  figure  (Fig.   7)>  by  Snyder. 
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Tji  a  general  way   it   may   be   accepted   as   representing  the   entire 
-poup. 

7.  Fruit  Products  Used  as  Vegetables. 

These  include  the  tomato,  cucumber,  squash,  pumpkin,  egg-plant, 

):  ind  vegetable  marrow.     The  ioimiio  is  consumed  largely  in  the  niw 

;•■  ilate  as  a  salad,  and  in  several  cooked    forms.     It  contains   less  than 

r   6p«r  cent,  of  solid  matter,  an<l  in  this  respect  has  about  the  same 

nutritive  value  as  celery  and  lettuce.     Its  i^hief  solid  matter  is  sugar. 

■    Its  mineral  constituents  are  free  fnim  earthy  salts.     The  curumber  in 

^    4e  raw  state,  in  which  condition  it  is  eaten  most  commonly,  is  not  easy 

of  digestion  ;  but  when  stewed,  is  light,  wholesome,  and  agreeable.    As 

i  nutriment  it  stands  even  lower  than  the  preceding,  containing  less 

tkan  5  per  cent,  of   solid  matter.     The  squaah,  pumpkin,  vegetahle 

fMrmty  and  egg-plant  have  about  equal  nutritive  value.     They  a)n- 

tain  about  90  per  cent,  of  water,  are  very  poor  in  proteids — less  than 

1  per  cent — but  are  fairly  rich  in  carbohydrates. 

8.  Fruits. 

As  stated  above,  the  word  fmUs  is  used  here  in  its  narrower  sense 
to  (lei$ignate  those  products  which,  being  of  an  agreeable  taste  in  the 
WW  state,  are  suitable  for  use  as  a  dessert.  The  agreeable  taste  depends 
Dpon  the  relative  proportions  of  pectin,  sugar,  gum,  acids,  and  other 
wogtituents.  Some  fruits  with  but  a  small  percentage  of  sugar  and 
wngiderable  acid  have  a  sweeter  taste  than  others  richer  in  sugar  and 
^th  no  more  acid,  because  of  the  masking  of  the  free  acid  by  the  gum 
•^  pectin.  Thus,  the  peach,  for  instimce,  is  comparatively  poor  in 
^^i  but  its  content  of  acid  is  prevented  from  being  pn)minent  by  the 
«*?«  content  of  gum  and  pectin.  Some  fniits  contain  usually  but  little 
^^  these  constituents. 

,  Fruits  contjiin  but  little  proteid  matter,  and  their  chief  food  value 
^  in  the  sugar,  salts,  and  v^etable  acids  which  they  contain.  Eaten 
^  Dioderation,  they  exert  a  favorable  influence  on  the  system,  but  when 
^^n  in  umlue  pmportion  to  other  focxls,  and  especially  in  unripe  or 
^  ripe  states,  may  cause  digestive  derangements.  On  account  of 
their  richness  in  vc^table  acids  and  their  salts,  which  in  the  system 
^  d(»o()mposed  and  converted  to  carbonates,  they  tend  to  diminish  the 
*«<lity  of  the  urine. 

APPLES. 

In  the  raw  state,  apples  are  not  verj^  easy  of  digestion,  but  when 

cooked  they  are  much  more  so,  and  when   baked  are  reputed  to  be 

digiitly  laxative  and,  therefore,  useful  in  habitual  constipation,  but  not 

snttable  in  the  reverse  condition.     Fnmi  the  many  analyses  which  have 

been  ocHnpiled  by  various  authorities,  it  may  be  stated  that  this  fruit 

ooDtains  about  85  per  cent  of  water,  7.5  per  cent,  of  sugar,  1  of  malic 
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acid,  0.4  of  ash,  besides  variable  amounts  of  pectin,  pectose,  fiber,  and 
other  matters. 

FEAJEtS. 

Pears  are  somewhat  richer  than  apples  in  sugar  and  poorer  in  malic 
acid.     They  are  fairly  rich  in  pectin. 

PEAOHES. 

In  this  fruit,  the  sugar  is  comparatively  low,  but  the  pectous  matter 
is  exceptionally  high  and  covers  the  acidity.  Peaches  contain  nearly 
1  per  cent,  of  malic  acid. 

APEIG0T8. 

The  sugar  content  of  apricots  is  about  equal  to  that  of  peaches. 
The  pectous  matter  is  also  about  the  same  in  amount,  but  the  acidity 
is  higher. 

PLUMS. 

Plums  contain,  as  a  rule,  less  sugar  and  pectin  and  more  malic  acid 
than  are  found  in  peaches  and  apricots.  They  are  much  more  likely 
than  most  other  fruits  to  disagree  and  produce  derangement  of  digestion. 

CHEBBIES. 

Cherries  are  notable  for  their  large  content  of  sugar,  over  10  per 
cent.,  surpassing  in  this  respect  all  of  the  foregoing.  They  contain 
somewhat  less  than  1  per  cent,  of  malic  acid  and  are  low  in  j>ectin. 
The  popular  idcii  that,  even  in  ripe,  sound  condition,  they  are  a  danger- 
ous article  of  food  if  eaten  in  conjunction  with  milk,  has  no  foundation 
in  fact ;  but  when  unripe  or  unsound,  they  have  a  tendency  to  cause 
disorder  of  the  bowels. 

The  average  composition  of  the  foregoing  fruits  is  shown  in  the  fol- 
lowing table,  compiled  from  Konig : 


Water. 


Apples 83.79 

Pears !  83.03 

Peaches '  80.03 

Apricots '  81.22 

Plums '  84.86 

Cherries '  79.82 


Sugar. 

7.22 
8.26 
4.48 
4.69 
3.56 
10.24 


Acid. 
0.82 

Protclds. 

Pectin,  etc. 

Fiber. 

Ash. 

0.36 

5.81 

1.51 

0.49 

0.20 

0.36 

3.54 

4.30 

0.31 

0.92 

0.65 

7.17 

6.06 

0.69 

1.16 

0.49 

6.35 

5.27 

0.82 

1.50 

0.40 

4.68 

4.34 

0.66 

0.91 

0.67 

1.56 

6.07 

0.73 

ORANQES. 


The  orange  contains  nearly  2.5  per  cent,  of  citric  acid  and  about  4.5 
of  sugjir.  The  juice  is  particularly  agreeable  in  almost  any  condition 
of  health  or  sickness,  and  is  extremely  unlikely  to  cause  any  disturbance 
of  the  system. 
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The  average  compasition  of  oranges  (23  analyses),  according  to 
|.twater  and  Bryant,  is  as  follows  : 

Water 86.9 

Proteids 0.8 

Fat 0.2 

Total  rarbohvdratea,  including  fiber 11.6 

Ash    ...   ' 0.5 

100.0 

QRAPES. 

The  juicy  pulp  of  the  grape  is  wholesome  and  refrigerant,  and  when 
fftten  in  large  amounts  exerts  a  gentle  laxative  action.  Since  the  num- 
ber of  varieties  reaches  into  the  thousands,  it  follows  that  wide  varia- 
tion in  composition  must  occur. 

Twelve  analyses  compiled  by  Konig  yield  the  following  averages  : 

Water 78.17 

Sugar      14.36 

Free  acid 0.79 

Proteids 0.59 

Pectous  matter 1.% 

Fiber 3.60 

Ai*h 0.53 

100.00 

Five  analyses  compiled  by  Atwater  and  Bryant  yield  averages  which 
«re  expressed  somewhat  differently,  as  follows  : 

r  Water 77.4 

ProteidB 1.3 

Fat 1.6 

Total  carbohydrates,  including  fiber    . 19.2 

Ash a5 

100.0 

^^Tien  dried  in  the  sun  or  in  ovens,  the  product  is  raishis.  Those 
"ried  in  the  sun  are  the  l)etter.  Raisins  are  less  digestible  than  grapes, 
8wl  are  not  infrequently  the  cause  of  derangement  of  the  intestinal 
«nal. 

What  are  known  commonly  as  dried  currants  are  raisins  made  from 
^^inall  .seedless  grajies.  They  come  from  the  Levant,  and  are  shipped 
fr)in  Corinth,  whence  their  name  in  a  corrupted  form.  They  are  ex- 
ceedingly indigestible,  and  are  likely  to  traverse  the  entire  digestive  tract 
B'ithout  undergoing  change. 

MELONS. 

The  edible  portion  of  melons  is  very  water}^,  but  the  small  amount 
of  nutriment  contained  is  not  unlikely  to  cause  in  many  persons  di- 
gestive disturbances  accompanied  by  annoying  eructations.  Not  many 
inaljses  have  been  recorded.  Storer,^  quoted  by  Konig,  has  reported 
three  analyses,  which  give  the  following  averages : 

'  Report  of  CoDnecticut  Experiment  Station,  1879,  p.  159. 
11 


162 


FOODS. 


Water 88.09 

Proteids 0.92 

Fat 0.18 

Sugar,  etc 9.05 

Fiber 1.04 

Ash 0.72 

100.00 

Two  analyses  of  watermelons  noted  by  Atwater  and  Bryant  give  the 
following  averages : 

Water 92.4 

Proteids 0.4 

Fat 0.2 

Total  cai'bohydrates,  including  tiber 6.7 

Afih •    .    .    .    .__0^ 

100.0 
BANANAS. 

Bananas  and  plantains  are  among  the  most  nutritious  of  fruits ;  in 
many  parts  of  the  tropics,  they  constitute  the  chief  food  of  those  who 
are  too  lazy  to  perform  any  kind  of  manual  labor.  The  edible  part 
yields  about  20  per  cent,  of  sugar  (cane  and  invert),  about  2  of  pro- 
teids, 0.5  of  starch,  and  rather  more  of  fat. 

nas. 

The  fig  in  the  fresh  state  is  about  equal  to  the  banana  in  nutritive 
properties.  In  both  the  fresh  and  dried  forms,  it  is  esteemed  highly  as 
a  mild  laxative.  The  dried  fig  contains  about  30  per  cent,  of  water, 
50  of  sugar,  4  of  proteids,  and  3  of  ash  ;  the  remainder  is  chiefly  seeds 
and  fiber. 

BERRIES. 

The  various  berries  are  notable  for  their  content  of  free  acids  and 
supir.  Two  kinds,  the  cranberrj'  and  the  barberry,  are  too  sour  to  he 
witen  raw,  and  must  be  cooked  with  sugar  in  order  to  be  made  palata- 
ble. The  composition  of  the  several  members  of  this  group  is  set  foi-th 
in  the  following  table,  compiled  from  Konig : 


lUaoklH»rrio8 
rranlH*rrit»i<  .    . 
rurmutH 

HuokloWr  fit's 
MuUn^rriw    .    . 
K»*|»UTriw  . 
StriiwlH»rrit»8 


Water.       Sugar. 


86.41 
89.59 
84.77 
85.74 
78.36 
84.71 
85.74 


4.44 
1.53 
6.38 
7.03 
5.02 
9.19 
3.86 


87.66    I     6.28 


Free 
acid. 


1.19 
2.34 
2.15 
1.42 
1.66 
1.86 
1.42 
0.93 


^^^^^vJi^'iic.    ^«h 


0.51 
0.12 
0.51 
0.47 
0.78 
0.36 
0.40 
1.07 


6.97 
6.27 
6.47 
4.92 
13.16 
3.22 
8.10 
3.25 


0.48 
0.15 
0.7:? 
0.42 
1.02 
0.66. 
0.48 
0.81 
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9.  Edible  Fungi. 

MUSHROOMS. 

Mushrooms  are  reputed  to  be  extremely  rich  in  nitrogen  and  other 
nutrients,  and  accordingly  they  are  recommended  as  a  valuable  food 
material.     It  is  true  that  they  are  somewhat  rich  in  nitrogen,  but  it 
diould  be  said  that  a  large  proportion  of  this  element  present  is  in  com- 
binations (amido  compounds)  which  are  useless  as  food.     As  a  matter 
of  fact,  the  total  solid  matter  of  mushrooms  averages  about  12  per  cent., 
and  is  largely  woody  matter.     Mushrooms  are  rather  difficult  of  diges- 
tion, and  are  not  at  all  adapted  to  weak  stomachs.     They  have  been 
called  "  the  poor  man's  meat,"  and  much  has  been  done  to  encourage 
the  poor  to  seek  for  them  in  the  fields  and  woods,  in  order  to  add  to  the 
larder.    Inasmuch  as  the  market  price  of  mushrooms  for  the  tables  of 
the  rich  is  generally  high,  and  since  their  food  value  is  decidedly  over- 
nrted,  it  would  appear  that,  where  there  is  a  market  for  them,  the  poor 
can  do  much  better  for  their  nutrition  by  disposing  of  their  findings 
•nd  converting  the  proceeds  into  cheaper,  more  digestible,  more  nutri- 
tious, and  less  cloying  articles  of  food. 

Truffles  contain  more  nitrogen  than  is  found  in  mushrooms,  but  they 
•re  very  much  more  woody,  and  can  hardly  be  looked  upon  as  valuable 
''^  the  point  of  view  of  nutrition. 

10.  Saccharine  Preparations. 

Sugar  was  known  to  the  ancient  Greeks  and  Romans,  and  its  manu- 
^cture  has  been  conducted  by  the  Chinese  since  the  earliest  times.  It 
^  ^'eiy  soluble  and  diffusible,  and,  therefore,  is  digested  easily.  Dex- 
^^"^  is  ready  for  assimilation,  but  sucrose,  maltose,  and  lactose  must 
^"^^rgo  first  a  splitting  process  within  the  digestive  tract. 

CANE  SUQAB. 

^^ne  sugar  is  obtained  from  the  sugar  «me,  sugar  beet,  sorghum, 

^*   sugar  maple.     It  is  very  soluble  in  water,  but  quite  insolu])le  in 

f^^'^lute  alcohol.     Heated  with  dilute  mineral  acids  or  with  citric  acid, 

*^  'Splits  into  dextrose  and  hevulose,  and  then  is  known  as  invert  sugar 

^'U  the  fact  that   the   jK)larization   be(*onies   inverted.     Cane  sugar 

^^tes  the  plane  of  polarized  light  to  the  right ;  the  two  substances 

*^to  which  it  is  split,  dextrose  and  Itevulose,  rotate  respectively  to  the 

n?ht  and  left,  but  the  action  of  Itevulose  is  so  much  the  stronger  that 

we  mixture  gives  left  polarization. 

Heated  ab«)ve  180°  C,  sugar  yields  caramel,  which  is  not  a  simple 
•Stance,  but  a  complex  mixture  of  brown  pmducts  of  dehydnition. 
h  is  us6<l  as  a  coloring  for  low-grade  milk  and  other  articles  of  food, 
and  somewhat  as  a  flavoring. 

Cane  sugar  is  sold  in  various  forms  :  cut  or  loaf  sugar,  granulated^ 
and  powdered.    The  cheaper  grades,  known  from  their  color  as  "  brown 
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*4ng:irs,"  contain  variahlt*  amounts  of  invert  Hiigar*  gummy  matters, 
anil   i*tber  inipuntit-,'^* 

Sugar  is  not  nairh  >iiUje<'t  to  itdultiTatinii,  tlioii«jrh  thiTe  i>  a  ]Mi|mlar 
idea  that  glucose  and  sand  aiv  eonunon  ailmixtures.  It  i^  |miliiil>le 
tliat  sand  is  as  rare  an  adulterant  of  .^ugar  as  elialk  is  of  milk,  (iln- 
I'Mse  rarely  is  mixed  \dth  snti^jir,  Init  is  nst^l  nutvidenibly  as  a  sidi- 
i^titnte  liir  it  in  the  maiiutaetiire  of  ehr«tji  jellies,  jams,  aial  eamlie>. 
8ujtran4  that  are  somewhat  **  off  color'*  are  tivated  siaiietimes  with  ultra- 
marine in  tlie  final  processes  of  manufacture.  This  e^irrcets  the  fiault 
and  makes  the  pHwhiet  white.  Occasional ly,  the  ani4nmt  addinl  i,<  snffi- 
<*ient  to  r.iuse  gn-jit  ularni  in  the  houseliol<l  wfien  hnye  *|yaiititif's  of 
i^ugiu'  are  made  into  syrup  with  hut  water  iu  the  jjrcpaniliou  of  preserver^ 
and  jellies.  The  blue  material  cumie^s  to  tlie  surf  acre  as  a  scum,  and  its 
iinlooke<l-for  ap}>earanee  gives  vi^v  to  suspicion  of  jioison. 

MAPLE  SUGAE. 

This  frinn  of  caue  sugar  I's  prized  highly  fur  its  agrcealtlc  flavor.  It 
is  a  much  more  expensive  article  than  onliujuy  siigitr  and  is  use<l  nione 
as  a  c4UiiWtit)n.  In  the  fbmi  of  8ynip,  it  is  used  very  extensively  on 
buekwhwit  eakcs  au<I  Avith  other  cereal  breakfast  fVK>ds.  It  is  nnieh 
isubjeet  to  adidtcmtioa  and  snlistitntioa.  A  large  part  of  the  .•^yrup  in 
the  market  is  wholly  aititieial,  lieiug  made  of  ordinary  j^ug-ar  or  glu- 
ixise,  appropriately  <^ol<vrc<i,  and  correctly  flavored  by  means  u\*  extmct 
*)f  liiekor}*  bark.  Tlie  sugar  itst*lf'  is  imitatcnl  in  the  same  way,  but  one 
not  infriHTpieutly  s(^'s  s]K*cimens  which  arc  alis^^lntely  devcad  of  any  flavor 
j^itve  thjit  of  brnwa  sugar.  The  substitution  by  fliivfin'd  cauc  sug:ir  if§ 
easily  proved  by  detenu iniug  the  amount  of  jirccipitate  of  lead  malatc 
yicldeti  by  '*  grammes  of  the  suspLt'ted  sample  in  10  c.c.  of  water  on 
the  addition  of  basic  lead  acetate  solution.  Five  grammes  of  pnre 
maple  sugar  so  ti'eated  should  yield,  after  eentrifugation,  2.5  ca\  of 
precipitate,  while  ])ure  eanc  sugi\r  yiehls  none.  The  preK^nee  of  glucose 
is  rcvealetl  by  the  behavior  of  tlie  s|>ecimeu  under  polariscopic  analysis. 


I 


GLUCOSE.     DEXTROSE. 

Dextrose,  or  gm]>e  sugar,  is  inferior  in  sweetcuiug  jxiwer  U\  eane 
«ng!»r,  and  is  not  er\'stallizjdile  to  tht^  siiUK'  extent.  It  is  much  k'ss 
soluble  iu  water,  but  is  solulile  iu  glyr^eriu  and  in  ak'iThol  of  ordinary 
strength.  It  is  found  in  gmpes  and  iu  many  otlier  fruits  and  vege- 
tal)lt*s,  but  always  assoeiate<l  with  hevulose*  Uy  fermeutation  with 
yeiist,  it  splits  int<i  itirbouie  acid  and  aler»hol  ;  in  the  ]>res<»nee  of  fer- 
ments whicli  disia-gjuii/.c  pmteiils,  it  yields  lactie  acid.  It  exerts  a 
8trt>ng  reilneiug  piwer  t*u  Fi'bliug^s  scdntion. 

Commercial  glucose  is  obtaiuRl  by  heatiirg  starch,  tisually  e*»rn 
starch,  with  diastase  or  dilute  suljJmrie  acid.  Betbit^  the  final  pnxH»s 
of  cxmcentraiiou  of  the  solution^  the  acid  is  nentmliKed  c^juipletely  by 
the  application  ijf  marble  dust,  and  the  result ing  sulphate  of  calcium 
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and  the  exc^ess  of  the  neiitnili/iu^:  ii^a-nt  are  removBl.  Thf»  prwluet 
always  t-on tains  eiiij>i<knd)lt*  |>n«|>i»rliniis  of  rmilto^e  iiiid  dextrin,  ainl  its 
rtiUitory  jMjwer  is,  thervfuR',  iiiiieh  j^reiiler  than  that  ui'  \mv^  ^hunise, 
i^iich  as  is  ol»tainable   frum  (lial>etir  nriiie. 

GlutfiNO  is  pnKhit*ed  in  eimrnnrns  quantities  hoth  in  tije  snlid  ionii 
and  jis  a  thiek  c'r^Jirrless  syrnji.  It  \<  iisi^d  in  tlie  ininndaetttre  of  cheaji 
fiimUe^,  jams,  mid  preserve>,  in  tlie  brewing  of  beer,  and  as  an  adiil- 
ti^runt  of  molasses  and  liuney  (stn*  uudcr  lieer). 

MOLASSES. 

MoLissrs  is  a  thiek,  viseifl,  darkH'cilored  bVjitiil,  whieh  dnuns  away  in 
the  piHw'ess  nf  tht*  rBimnfaetnre  rd*  >upir.  It  eontaiiis  from  t)5  to  72 
per  eent,  of  sngar^  jwu't  <»f  whieh  is  ?^n(*nise  ami  |mrt  frnit  sugtir,  vari- 
tyn^  miu^  gummy  matiiTs,  extnutiven,  and  water*  It  is  gmdtil 
according  tii  color  fn»m  the  ehtnijiest,  ahimst  l>laek  artiele  knc^wn  sts 
**  l)hiek  stni]>,-*  to  the  finest,  which  \>  light  yellowish  bntwn.  Whi»n 
reHiK^b  it    is  bril limit  and   tninspareni,  and   is   known  as  syrup. 

All  grades,  but  es|xrially  the  higher,  are  adit  1  tern tetl  extensively 
with  ghitM>se  syrup.  This  rednees  the  sweetening  j^jwer,  bnt  gives 
tH»dy  antl  a  finer  a|*jxninirie(\  Hie  fnuid  is  det(x;t*Kl  readily  by  the 
use  of  tile  jH>larisenpr,  sinee  t!ie  adidterat***!  artiele  gives  a  inui*h 
lugher  r«iding^  anil  on  inversion,  instead  of  giving  left  pidarizjitiHH, 
iHjntiniies  to  give  a  reading  to  the  right  idmost  as  high  as  l>etru'e. 
Another^  and,  from  a  sanitary  ]M»int  of  view,  a  nitnt^  important  adnl- 
tenint  of  niola-^H*s,  is  the  pn»toeldoride  of  tin,  known  also  as  ^^  tin 
er)'stal  "  and  **  salts  (d'  tin,"  This  is  ad(h'<l  ibr  the  ]»!irj>oseof  redneing 
the  amount  of  eolor,  thus  giving  a  tirtitious  added  vahie.  It  ennduties 
with  jiarl  of  the  eolf>ring  matters,  and  the  restdting  eom[HUind  se^mrati'S 
and  tend>4  t<»  dejMwit.  Thus  w  large  )mi]w)rtion  of  the  anuumt  addnl 
to  a  hogshenid  tnay  be  fonml  in  thf  **  fiMit/'  or  sugar  stHlinieut,  whieli  is 
iis^hJ  (piite  eonnnoidy  in  the  making  of  ehea|>  eandies,  >ueh  as  e<H'<tanut 
tirtfv.  Only  :i  part,  however,  is  tlejxisited,  and  heuee  a  sptH'imeu  thuK 
adnlterateil  will  yit'ld  notable  tmees  i\{*  the  salt  fin  iiieinenitifui  and 
analysis.  It  is  useless  to  attempt  to  se|>arj»te  the  tin  in  tlie  ordinary 
%vay  without  jireviiitis  inriru-ratioii,  si  nee  the  lU^L'iinie  nuittt^rs  ]u*eseut 
piweut  preeipitution  of  tlie  >ulpliide.  Iniisniueli  as  the  protcMdilt»ride 
of  tin  i»  an  irritant  poison,  and  sinc^  its  addition  can  serve  no  legiti- 
mate usetid  purpose,  this  fi^rni  of  ndnlteration  should  be  pn^hibitMl  and 
punished.  Siinetiuies  tin  is  pn'seut  in  in*ilasK"s,  not  as  an  :idullenint, 
but  l>i*<'ause  of  a  pra<'iiee,  f(dlowed  by  some  makers  of  ernde  sugar,  of 
treiting  their  pivxluet  with  this  agent  to  impro%*e  its  eolor  before  it  leaves 
tli€  centrifugal  machine'*,  and  thus  it  Ibids  its  way  into  the  by-prmluct. 


HONEY. 


Honey  is  classed  sometimes  as  uii  animal  fbml,  since  it  is  a  produet 
i*tored  up  by  hees,  but  it  ran  har<lly  be  so  <H>nsidered,  sin*-*'  it  is  obtained 
fmrn  the  nectaries  of  Howers,  although  (hiring  its  stonige  in   the  heme's 
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crop  k  (Hnier^ies  sonu'  ehan^\  Afttr  tliis  iiIleruti«M»  hy  the  st^rrt'tiuiis 
of  tlio  crn\yy  it  i>  ilis^(H'^rf'(l  stiid  4l(*[M*sitrcl  In  the  t^'Il  <>f  tlif  ht»ury-ntml*. 

llfiiu'V  is  a  t*<>TireiitntttM:l  Milntiun  c»t'  stigma,  rliicfly  dvxtrosi*  aiul 
Ut?vul(Jso,  with  .*^mall  aiiiuunts  ftf  ^lH'TcJ^e  uml  mminiks  rimtaiiiiDg  tilni 
small  nmoimt8  of  wax,  firtranit*  imtU,  jmitoids,  nituernl  niatttT,  |Wilk'n, 
and  (hIi irons  and  otluT  juinriplrs.  Tliv  Havur,  nilor\  ami  tidor  varv 
aiToi'thn^  bt  tlu-  nature  nf  the  H<^wers  fnini  whieli  tlie  lioney  is  iihtaiuecL 
Sinietimes,  wlieii  tlenvrtl  fvum  jH»is<>iiims  plants  it  has  t«»xu;  |»mp- 
ertir-i :  tliis  tiiet  hits  hvnu  uote<l  In'  Inith  ancient  and  nicMlern  writei's, 
Xeno|>hon,  fur  example^  ha,s  n>eorded  nii»st  seriims  syni[itoins  of  iiitoxi- 
ration  riiir  u*  its  in^estiiai,  ami  a  naral)ei'  oj' small  r»iitlnvaks  resetuhlijijj 
ptonKiiii-|HiiHiniug  have  fjeea  re[HHti'<l  by  n'eeul  writer*,  in  tfiis  <'ONiitry, 
Xeimivhon  ^  says:  **  As  to  uther  things  liere,  tlieit*  was  nothinir  iit 
whit4i  tliey  were  surprised  ;  iuit  tlie  niiniU'r  nf  beehives  was  extni- 
ordiitary,  and  all  of  the  HiUlid-s  that  ate  t)f  the  eonilis  lust  their  senses, 
voinited*  uml  were  atlec»teil  with  purt^intr,  and  not  one  <*f  ifu^n  was  aide 
to  stiJtid  njn'ight  ;  siieh  a^  had  eaten  only  a  little  were  like  men  {greatly 
intoximted,  and  sueh  as  had  eaten  niueh  were  like  madmen,  and  stuue 
like  persons  at  the  point  fd'  death.  They  lay  \\\um  the  ^rotnid,  in  eon- 
seipienee,  in  tj^rt^at  nnrnhei>^,  as  \t'  there  had  hem  a  deftiit  ;  and  there 
was  general  dejcH'tifrn,  The  next  day  iit»t  one  of  tfiem  was  found  deati  ; 
and  tliey  recovered  tlieir  senst^s  aliont  the  same  hour  they  had  lost  them 
lai  tlic  prt*eetling  day  ;  antl  on  the  tliiitl  and  fourth" day .>  they  got  up  us 
if  after  havini;  taken  physi<'/' 

Dioseorides  speaks  oi'  a  kind  of  honey  tliat  made  thitsi-  that  ate  it 
mad,  anil  aserihes  its  ]K»isonons  prt»jM:'itii>  to  the  great  alumdanee  of 
mse-lanrel  and  other  similar  |)oisonoiis  ]ilinit>.  StndM»  s|R*aks  of  honey 
that  made  men  stupid  and  uielaueholy  ;  and  lHodtini>,  of  a  certain  kind 
in  (/(dehos  which  produrcd  such  profotnid  weakness  irj  those  that  ate  tt 
*' that  they  app<^aivd  for  a  whole  day  together  like  ilead  men/* 

Honey  frrmi  the  flfiwers  rjf  tlie  yellow  jasnune  has  been  kn<nvn  to 
prmltte*'  serious  and  oven  fatal  restdts,  and  that  derivtHJ  fn»m  a  sptvien 
of  rlMKiodtiidron  grt*wing  in  the  neighlM^rhotid  of  the  Klaek  S'a  has  Icuig 
been  ree^l*^;nize<l  as  jHvjsonons.  * 

The  |Miwer  vf  honey  to  exeit  a  nieditnnal  inflnenfH^  is  sometimi>i 
turntnl  to  g*^jod  account.  Thus,  in  Al>vs8inia,  when^  the  Howers  of  the 
en^-o  tree  are  the  nniversid  remerly  for  ta|Hnvorni  and  aHL'arides,  with 
whieli  a  huge  proportion  of  tlie  jM>pnlatii»n  is  afflicted,  swarms  t»f  l>e<'s 
are  kept  bv  order  of  King  Mc^utlek  in  gartlens  where  no  othej'  (dant  is 
enltivated,  atjd  the  himey  which  I  hey  store  lias  been  iimnd  to  have  all 
the  go4Ml  ([ualities  of  the  drug  with  none  of  it8  nnj>alatability  or  nn- 
pleiismt  efteet^»  such  as  nausea  and  vonuting. 

liy  nncros<*opie  exaniinatiiui,  which  will  show  nnmen>us  p<dlcn 
grains,  one  can  determine  easily  from  what  kind  of  flower  a  honey 
was  withered. 

Honey  c<»ntains  about   73  per  cent,  of  sugar.      In  consequence  of 

the   prt^jMUKleraut   intiuenee   of   the   hevulose    i»n   the   imitation   of  the 

'  AaubtiHts,  H<M»k  IV.,  ('Ik4|i,  8. 
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jiliiue  Lif  jw>larize<I  liglit  ihr  pnlijiisri>|if  Rtuliri^  of  a  pure  siimple  is 
alnK>st  ulwavf?  t*i  the  \vi\  ;  wlu'ir  nut  to  the  left,  the  reiidiiig  Ls  not 
more  tlmu  a  few  degrees*  Uy  the  i%ht.  The  pereentage  of  water 
averages  alxjut  IH  or  H» ;  (KXiiHi(»imlly  spe<"imeti.s  are  foriufl  to  t*oiitaiii 
as  much  ais  25. 

Floury  Is  an  ini|iortiiiit  sugar  tiMMl  ;  it  is  very  a^rtvuhle  to  the  taste 
uud  eadly  a5^siniilate<i.  On  aect>ant  of  its  eonipaiutively  hiurh  jjrii-e, 
it  xa  very  suhjtnit  to  adultemtion  with  glueose  and  cane  ^n^iir.  Tliat 
which  IS  sold  in  the  eonib,  the  eonib  j^till  in  it.s  frarne»  is  alrin>st  invari- 
ably gemiine.  TLie  extraeted  honeys  sold  in  bottles  and  tniulders  ai^ 
very  eonimoaly  mixtures  «>f  the  genniae  artiele  with  ^hieose  or  f/^iiie 
*iigar,  au<l  otlen  t*ontain  no  honey  wluttever.  In  onler  to  eonvey  the 
idi^  of  genniiienei*8,  it  is*  a  eoninioo  pnieti<?e  to  insert  a  ^niall  pieee  of 
o>inb»  At  Iwist  one  in^euiims  falirictitor  f)f  glueosi*' honey  lias  l>t»en 
kiiown  to  add  to  eaeh  tnnilvler  of  Ins  pnHJuet  a  dead  bee,  to  serve  as  a 
i^ilent  fidf^fj  witness  of  its  ori;i'in. 

The  deteetion  of  a^lnlteniliou  with  jj;bieusC  'tJil*  c^me  sugar  is  an  ea.sy 
nmtter»  since  all  saniph^s  so  made  give  a  strong  remling  to  the  right  on 
polarisi'npir  cxarninatinn.  On  inversion  of  the  samplej  tlie  right- 
liandtil  n-ading  peivists  if  the  iidiilterant  is  glueikse,  aa*I  is  ehanged  to 
the  left  if  eane  sugar.  It  is  said  that  inverted  c-uie  sngtir  sometiraeH  is 
inixinl  in  projxT  pro[Haiiou  to  ni:ike  an  artilieial  honey  vvliieh  will  give 
the  normal  fwilari-K-npie  test  of  the  genuine  artiele  ;  and  that  to  imitate 
the  latter  >till  tiirthrr*  so  that  niieroseojHeal  examination  also  niay 
attest  itH  gennineuess,  pollen  gniins  are  added  in  snUieient  annamts* 
The  a.sh  n(  sueh  a  pnKluet  alone  will  Reveal  the  frnud,  since  it  will 
contain  no  ph<»sphf»ric  aeid,  wlnle  genuine  honey  contains  about  0.03 
jHif  cent.  i»f  that  suljstanee* 


COHFECTIONEEY. 

Cmiditis  are  prepanitions  made  of  sugars  or  snbstanet'?^  containing 
therut  sueh  as  inohisses  mal  honey,  with  or  without  tlie  admixture  of 
other  food  materials,  sueh  as  nut>,  fruitfi,  and  ehoeolate,  starches  and 
fat5  to  give  b^tdy  and  eonslstenee,  and  flavoring  and  cf»loring  agents. 
The  addition  of  substances  which  serve  no  legitimate  usel\il  pnipt»se, 
.sueh  as  terra  all>a,  wliieh  is  saiil  to  f)e  add^nl  sometinics  to  h-nd  wt  ight, 
and  of  injurious  C(4cjrs  and  Ha\*oi>t,  may-  properly  be  regtirdi^l  as 
a*hilteration  ;  Init  the  us4:*  of  glueo^  sugiir,  cf>coa  butter,  and  other 
^^lMtanees  of  a  liarmless  nature,  and  jxissessing  value  as  nntrimentj 
cnnnot  \yQ  so  regardetl.  Many,  souie  say  nntst,  i>f  the  eheajH^r  ean*lie8, 
cont;iin  variable  amomits  of  glu(*ose  and  stareli,  but  ni>tl»ing  is  t**  be 
siiiil  against  tlie  use  of  thf>se  suf>stanees  on  the  sernv  of  whoh.somencss. 
The  use  of  terra  all>a  ii*  sriupix)sed  ji*>pularly  to  be  very  ci>inmon,  but 
nuineri»us  analyses  by  msiny  chemists  throughout  the  country  sht»w 
that  tliis  substance  \>  an  exirediiigly  uiiconmion  ingredient  of  even 
the  wty  cheajiest  eandie'^. 

The  flavoring  agents  coninionly  em[doyed  arc,  as  a  rule,  harmless. 
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The  colors  used,  however,  nve  not  inrrtH[iientIy  of  a  jHiisoiioiis  uatiirt-, 
t'>|HHMally  in  thoM'  Stutrs  wliieh  hint'  no  trnv>  jt^.iinsl  IcmhI  irdiiltL-mtionj 
or  wliifli,  hii\  hi;j:  tln'in,  iiinki*  no  ]n^»vision  for  thrir  t^iiJonvniont.  Tlicse 
injurious  c<il(»rin^  a^t'nt^  iiielndt*  tlif  i;!n'onjiiti?&  of  [Mitassinni  and  It-ml, 
tin  Inke^,  uuil  t'l-rtain  ni'  (Ik-  e^ial-tar  pi-odiicts,  t^ueh  ba  Martin?^  yellow, 
dinitnMTes<il»  and  dinitroso-tvsnreiuo).  Tlie  eniplrivnK'nt  of  thminate 
of  It-ad  aiul  ^A'  I'liroinatr  of  |>utas>»iinn  i>  fRnjiirntly  denied,  but  theM' 
.substani'<:\s,  neveitheles-^,  are  n.setl  not  uneorniufinly,  and  have  Wn^n 
deteeted  hy  tlie  anth**r  in  many  s}>eeiniens  of  yellow  sngjir^*  nsed  for 
decorating  nike.-^,  and  in  yellow  i^nidies  nuide  in  the  slia^M?  of  beans. 
The  majority  of  the  eolr^rs  ust'd  are,  liowf\er,  of  a  hai-ndt^^s  iiatnre. 

JELLmS  AND  JAMS. 

Jellies  are  senii-soliil  ^hitinon,*^  ]n*epamtion.s  made  by  boiling  frnit 
juiees  with  sugar  and  allowing  to  eool  ;  jani.s  are  somewhat  similar 
preparatiotLs,  wliich  in(4nde  the  pnlp  oi'  tlie  fruit  an  well  an  the  juiei*. 

Many  ni'  the  jelUes  iimnd  in  tlie  >liops  are  made  witli  ghieose  bTni|t, 
eane  sugiir,  gelatin,  artitieial  Havorings  and  eolors,  and  extnieLs  niade 
by  boiling  the  refuM.^  of  fanning  estaldisbments.  Jams,  likewi.s(>,  ai^ 
largely  faetitions,  being  made  with  glueose  synip,  flavorings,  coloringv, 
variouis  kinds  of  seeds,  and  nearl}'  tasteles's  vegetable  tissnei?,  such  as 
summer  sf|na^h  and  Ijuiletl  white  tunjips. 

Section  5.     BEVERAaES. 

Stimulaiit  BevBrages  Contaming  Alkaloids. 

Thei^  include  tea,  eoflet%  and  eo*"oa,  and  wrtiiin  others  not  used  to 
any  large  extent  in  this  I'nnntry,  The  alkaloids  of  these  pimluets  are 
known,  resjKH'tively,  as  theine  and  eafleine,  whieli  are  ehemieully  iden- 
tical, and  tlK'<»liromine,  wliieb  is  very  closely  ivlated. 


TEA. 

The  virtues  of  tea  were  distNJvenxl,  aee<»rding  to  Chinese  tmdition, 
more  than  2700  ymi'J^  liefoi-e  the  Clu'istian  em.  It  was  n.sed  Hi's!  in 
England  in  the  seventeenth  eeiitury  (about  1f:!o7)»  and  e^ime  there  into 
gentral  n>e  aliont  liiTo.      It  was  intnKlne(Hl  into  Ameriea  in  1711. 

Tea  is  the  dricnl  leaf  of  a  shnil»,  Thfff  f /mj*/ /^n/.-^^  indigenrais  to  C'ldna 
and  other  parts  of  Asia*  and  cultivated  in  Indi^i,  Jayjini,  and  Ceylon, 
Fonnerly,  the  varieties  «jf  the  plant  pntdnceil  liy  different  methoils  cif 
long  tadtivatiou  wr^e  helievcMl  to  he  ilistinct  sjjocies,  ami  were  known 
as  T.  BfJiffu  T.  rtrtdlsy  ete,  Tlie  ^litl'ivn'nees  iu  the  varieties  tonnd  in 
tMmnneret*  de|H*nd  upon  the  ag^'  <»f  the  leaves  when  gathered  and  their 
pisition  on  the  stem,  and  uf)on  sjH^cial  metlKKls  (if  drying  ami  pit'jxiring 
them  for  the  market.  The  choicest  varieties^  for  example*  are  those 
wliic*h  inelncle  (mly  the  terminal  leaves,  ami  the  jXK>rest  tliose  made  n]> 
of  the  largest  and  c*oarsest  leaves  from  the  hjwer  end  of  the  twig. 


TEA.  1G9 

T^a  is  classed  commonly  as  |2:recn  or  black.     Both  kinds  come  from 

:  4ie  same  shrub,  but  are  different  in  point  of  age,  and  are  cured  in  dif- 

I  ierent  ways.     Green  tea  is  made  from  younji:  leaves,  which  are  nvastecl 

.  quickly  shortly  after  Wng  gatherwl,  and  then  rolled  and  again  n)asted. 

Sack  tea  is  from  older  leaves,  which  are  allowed  to  wilt,  and  then  are 

gathered  into  heaps  and  left  without  farther  manipulation  for  about  a 

kalf  day,  during  which  time  they  undergo  a  fermentative  process  and 

dange  color.     Next,  they  are  rolled  by  hand  and  then  heated,  and 

these  processes  may   be  repeated  several  times  alternately.     Finally, 

thej'  are  dried  slowly  over  burning  charcoal. 

The  comiH>sition  of  tea  Is  very  variable,  and  it  is  impossible  to  give 
fijjures  which  may  l>e  accepted  as  indicating  the  approximate  constitu- 
tion of  a  typical  specimen.  Konig  has  collected  16  analysi»s,  which 
give  the  following  aveniges  : 

Moirtiire 11.49 

Nitrogenous  inatterM 21.22 

Theine 1.35 

Volatile  oil 0.67 

Fat,  resin,  etc 3.62 

Gum,  dextrin,  etc. 7.13 

Tannin 12.36 

Other  extractives 16.75 

Fiber 20.30 

\»h 5J1 

160.06 

But  it  should  be  said  that  the  variations  in  the  amounts  of  individual 
foastituents  of  these  16  specimens  are  very  wide:  for  instiince,  water, 
4.59  to  16.00  ;  theine,  0.40  to  4.94  ;  tiumin,  4.10  to  20.88  ;  fiber,  15.1 1 
to2.).06.  Dragendorff  found,  in  2.*J  s|)ccimens,  from  1.36  to  3.09  per 
»nt.  of  theine,  7.10  to  12.66  of  moisture,  and  from  24.80  to  44.01) 
ppr  cent,  of  total  soluble  constituents.  The  ash  of  pure  t«i  is  fairly 
«>nstant  in  amount,  and  almost  never  reaches  as  hi^h  as  7  per  cent. ; 
W'^ually,  between  o  and  6  \wr  cent. 

Ttti  shoul<l  1k»  used  only  in  the  form  of  an  infusion,  nuule  by  |x>urin^ 

■^^iling  water  upon  the  requisite  amount  of  ]oav(»s,  and  allowinjr  it  to 

'^^nd  a  short  while  to  "  draw."    It  is  used  not  un(^)minonly  in  the  form 

^^^  decoction  ;  that  is,  by  boiling.    This  process  is  objectionable  in  two 

''^Vs:  first,  the  delicate  aroma  is  lost  by  the  expulsion  of  the  very 

^'*^'atile  (essential  oil ;  and  second,  the  leaves  are  made  to  yield  all  th<'ir 

J^'^nin  and   other  extractives,  which  tend  to  briii^  about,  sooner  or 

'^^r,  derangement  of  the  digestive  functicm  and  a  catarrhal  condition 

?*  the  stomach.     The  finest  and  most  deliciite  portion  of  an  infusion 

^**  that  which  is  poured  off  within  three  or  four  minutes,  for  in  this 

^l  be  found  a  maximum  of  flavor  with  a  mininumi  of  bitterness  and 

•stringency.     The  excellence  of  an  infusion  is  influenced  considerably 

"y  the  character  of  the  water,  which,  if  ver\'  hanl,  is  slow  in  extracting 

^he  desirable  soluble  constituents,  while,  if  verj'  soft,  it  extracts  not 

^y  these,  but  far  too  rapidly  the  less  desirable  principles. 

When  properly  made^  tea  in  moderation  is  a  wholesome,  agreeable. 
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^umJ  refreshing:  stirmilant  l>;'%'erage,  particularly  grateful  in  eon< 
«if  uieutal  fir  physical  weanni*ss.  Ustnl  in  ex('L*.s.«^»  it  exerts  a  hanutUl 
in  flu  on  re  ujM»n  tlw  iic  rvoits  systf  tii,  aud  in  ii  tfMj  >?tRiiig  fomi  mjures?  the 
di^t'8tivi'  traet  and  fund  inn. 

The  al>n.se  of  tea  as  a  Ixn^erage  leads,  aen>rdint;^  to  Bollard,^  to  ring- 
ing in  the  ears,  tn-tnor,  nervousness,  liea*larh(%  neiiralj^ia,  hynteria, 
irre|jfularity  of  the  heart,  dyspn<e;i,  dyspepsia,  and  ennstijnition^ 

Dr*  Hayes^  tlie  Aretic  ex}jlor<  r,  has  testifier]  to  the  value  of  tea  and 
^'ulffe  in  euahh'ug^  men  to  endure  eold  and  hanlship  of  all  sort^,  tea 
Inntij^  esjK'eially  smithiu^  at  the  end  ui'  a  han!  day\s  work. 

While  tea  liy  itself  ean  hanlly  he  limktil  np<»n  as  au  article  afloixl- 
ing  any  importiuit  aiuonut  ot"  rnurtuieut,  a>  eonunoidy  <*t>nsnuie<l  it 
serves  as  a  vehiele  for  otlier  suhstanii's,  as  ^iigar,  milk,  an*t  ereaui, 
hnviiifi^  hi^h  nutntive  value. 

Adulteration  of  Tea. — It  is  eonimonly  statetl  and  jprenerally  l>e- 
lievecl  that  teji  is  adnlteratixl  extensively  with  father  khids  of  leaves, 
iuclu<lin^  thtise  of  the  ln^H-h,  sliK\  will*»w,  nud  hawthorn  ;  hut  at  the 
present  time,  it  is  extrenjely  improhahle  that  such  adidteniutt?  ever  are 
mixe^l  with  tea  known  ta  Iw  intended  for  export  to  this  country. 
Whatever  tlie  tTMiditious  may  have  Ikvii  prior  to  the  enaetnieut  cif  the 
national  h\w  ptvernuig  tea  im(KirtatirMn  the  fact  now  is  thnt  <air  teii 
supply  is  pnictindly  trw  fri^ni  tins  torni  of  adulteration.  The  dett*e- 
tion  of  >sipurious  tm  leaves  would  Ix*  au  easy  matt<*r^  since  the  ^niuine 
have  a  very  t-ha  met  eristic  ajjjX'araiUT  wliieh  eau  liartlly  be  confused 
witli  that  of  auy  of  the  possil>le  snhsliluies  ;  and  e\en  when  liroken 
into  small  hits,  tlie  eharaeteristie  ditreremrs  iu  venation  and  stTration, 
autl  m  the  stomata  as  well,  are  |>lainly  dis(Ti'uihIe. 

More  pnjbal)le  tornis  of  iidulteratinn  fuclnde  the  admixture  of 
wholly  cjr  partinlly  t'xhsuisttMl  leaves;  tlie  addition  of  astrinpMit  unit- 
teiv,  sueh  as  ealt'chii,  tn  lend  enhiraud  a|»pnreiit  strength  to  the  infusion  ; 
the  pn^seiiee  c»f  foreign  miueml  inatter  ;  and    the  praetice  of  **  facing,'* 

The  preseu<»e  of  jniy  large  pro|w>rtifm  of  exhausted  leaves  vixn  he 
dettwtcd  by  the  low  aniouut  of  total  sciluhle  extract  aud  by  the  small 
auhiiiut  cd'  siihible  ash,  whi(4i  should  not  be  h^ss  tliiiu  ll  iK^r  cent,  of  thr 
Weight  of  the  Itiive^»  Tlie  preseuci  cjf  imptu'tant  auaaints  of  accidental 
or  addtnl  mineral  matters  is  shown  iu  tlie  t^^tal  ash,  which  in  a  ^^unine 
s|H*eiuu  u  rarely  anumnts  to  7  and  never  to  8  [kt  cent.  The  snhstauces 
most  otk^n  found  iire  sand  and  soa|*stoiie  ;  the  iirst  uanicil  is  fimiid  some- 
tinus  iu  amomits  exe*HHlintf  lio  |H«r  cent. 

Cateehu  is  aj>plie<i  (K-easiouiilly  to  cxhausteil  lea  leaves  with  the  aid 
of  solutions  of  ^tunniy  mattei*s,  for  the  [mrjiose  of  adding  a.stringenev 
and  et>lor  t*i  tlic  infusion.  Teas  so  treatcnl  have  liut  little,  if  any,  of 
the  trne  aroma,  an*!  their  infusions  ytehl  a  sediment  iu  which  the  ]>ar- 
tieles  ot'  eatCH'lui  eau  rcaelily  Ix?  S4^n. 

The  oh]e<*t  of    '^  laeiug  '^    is  to  make  the  prtidnct  appear  to  be  of 

greater  value,  and  the  i>nictice  is,  thci*efore,   projit^rly  s|)eakiDg,  one 

whieh  comes  witliin  the  definitiou  t*f  fraudtdent  adulteration.     Damaged 

*  Bciston  Mediral  and  SurgimJ  Joimiul,  April  S,  ISKti,  ami  S<^pU»mber8,  1887* 
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Otherwise  inferior  leaves  are  treated  with  Prussian  blue,  plumbago, 
digo,  and  other  substances,  and  the  small  amount  which  adheres  im- 
wes  their  color  and  general  appearance.  This  amount  is  too  small 
i  be  of  any  sanitary  significance.  The  presence  of  facing  materials 
my  be  detected  by  the  use  of  the  microscoi)e  and  by  chemical  analysis. 

COFFEE. 

Coffee  is  the  seeds  of  the  Coffea  Arabica^  dried  and  deprived  of  their 

Beshv  covering.     The  fruit  is  a  small  pulpy  berry  conbiiuing,  usually, 

two  seeds.     The  tree  is  said  to  have  originated  in  Abyssinia,  where, 

however,  in  the  seventeenth  century  there  were  few,  if  any,  sjiecimens, 

«ndtohave  been  introduced  into  Arabia  in  the  fifteenth  century.     It 

fa  now  growu  very  extensively  in   Brazil,  Java,  Peru,  Ceylon,  West 

Indies,  and  other  hot  countries.     The  first  Eurojiean  to  mention  it  was 

Prosper  Alpinus,  of  Padua,  who  included  it  in  an  account  of  Egyptian 

phnts,  published  in  1592.     The  first  work  devoted  wholly  to  coffee 

ns  a  small  I^atin  treatise,  De  snluberrima  potione  cahue^  by  Faustus 

Kairo,  Rome,  1671.     Coffee  was  first  sold  in  London  by  a  Levantine, 

in  1650,  and  some  years  afterward  was  introduced  into  Fmnce.     The 

first  whole  cargo  introduced  into  this  country  arrived  in  1809,  but 

toffee  houses  were  licensed  in  Massachusetts  as  early  as  1715. 

The  world's  production  of  coffee  for  the  year  ended  June  30,  1900, 
^ws  estimated  at  almost  900,000  tons.*  This  country  alone  consumes 
wore  than  the  whole  of  Europe:  in  1897  we  consumed  318,170  tons 
ugainst  305,1  oO.  The  total  consumption  by  Germany  was  130,390; 
V  France,  77,310;  by  England,  12,420;  and  by  Italy,.  1 2,500  tons. 

A«  18  the  «ise  with  tea,  coffee  must  undergo  a  process  of  roasting 
before  it  is  fit  for  use,  although  it  is  sjiid  that  the  Arabians  and  other 
Eastern  peoples  make  a  decoction  of  the  raw  article  and  swallow  the 
pounds  as  well  as  the  liquid.  The  roasting  is  conducted  at  about 
200°  C,  until  the  natural  color,  which  is  g^reenish,  jrrayish,  or  drab,  is 
changed  to  a  rich  dark  bn)wn.  During  the  process,  certiiin  volatile 
^'^oniatic  principles  are  developed,  the  alkaloid  caffeine  is  dissociat^nl 
fi^  its  union  with  tannin,  the  moisture  is  very  largely  expelled,  the 
^^r  is  airamelized,  gjises  are  formed  (largely  cjirlxniic  dioxide)  which 
<*'»i»e  the  Iwrry  to  swell,  and  much  rupturing  of  the  (»ell  layers  occurs. 
^  berry  thus  loses  in  weight  and  gjiins  in  bulk.  The  process  must 
j^  conducted  careliilly,  else  the  (juality  will  not  ho  what  is  <lesired,  since 
"  tbeiDasting  is  not  pushed  sufficiently  far,  there  will  he  insufficient 
*^'dopment  of  aroma  ;  and  if  it  is  carriwl  too  far,  the  volatile  matters 
''^expelled  and  the  pHxluct  accpiires  an  unpleasant  tast(\  On  account 
^  the  volatile  nature  of  the  aromatic  princi]>l(»s  devel(>|)e(l,  coff(»e 
**^d  be  roasted  only  as  the  demands  of  commerce  make  it  necessjuy. 
^  long  keeping,  except  in  hermetically  sealed  containers,  it  undergoes 
^^rtensive  deterioration.  For  the  same  reason,  the  roasted  beiries 
«h(mld  be  ground  only  as  needed. 

*  Consular  Reports,  Vol.  LX.,  p.  258. 
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C'ntlt'P  ecm tains  less  ratfeiue  (thpiiit^)  thim  is  found  in  tea  ;  thus,  Dni^'- 
cndorfl*  tound  the  nimnrnt  in  25  ^miij^es  iu  van^  l>et\veeii  0,64  Had  2/21 
per  cent.,  wlioR'Ms  in  iihuut  the  same  inmilier  (23)  t>f  stimples;  of  tc*a^ 
tlie  rtin^e  \vn>  L.'^*i  tu  ''^^)\K  It  eurjtaijis  eiiiisiih*ral)h*  uninunts  of  fat, 
gt*neni!ly  uver  12  jht  eent.,  aknit  the  same  anicnint  uf  nitrnpenous 
matters,  sninlL  i|uite  iinimpjrtant  amounts  of  siijrars»  gummy  matters, 
aud  other  suhstarjees,  nut!  alKKjt  Ai\  ))er  eent,  of  fjlier. 

C'nifee  is  usihI  in  iufu'-ion  johI  as  n  d(ef>eti(Hi.  Like  tea,  it  h»st*^  its 
pleasant  amma  when  boik^l,  lait  its  dtH*oetiou  is  les<  bitter  and  astrin- 
gent than  that  of  tea.  In  order  to  enjoy  both  the  fragrance  of  an  in- 
fusion and  tlie  strength  and  ImkIv  of  n  dec*ueti<in,  it  is  not  an  nntxatiinon 
pKietice  to  nuike  lirst  the  one  and  [wmr  it  oil",  and  tlien,  witli  a  fresh 
portifai  of  water^  to  ImuI  the  gnnmds  for  a  few  minnte.s,  and  then  t4> 
mix  the  tw(>  liquids  together, 

('otf'ee  aet^  a^  a  deeided  stimulant  to  the  nervous  sygttem,  enables  one 
I  letter  to  perform  anluuus  work^  and  dinnuis[a»s  the  sense  of  fatigne. 
In  small  amounts  J  t  inereases  th*'  force  and  fre<|Ueney  c^f  the  pulse,  hut 
taken  in  excrssive  *|uantities,  it  <'«tuse8  palpitatiim  iuid  intermis^sion, 
besides  gi^n<'nd  nervousness  an*l  dermigement  of  <bgestion.  It  has  a 
marked  inhibitory  hitluenee  on  |i:tistrie  eligestion,  and  is  more  oppressive^ 
tn  the  stomnel*  than  tea  and,  benee,  should  be  iiswl  with  <  antioti  by  dys- 
peptic^. M  ith  siiine  jHTsons  it  stinuihites  peristalsis,  smd  thus  ;H"ts  as  a 
gentle  eatliartie.      It  inereases  the  seeretitJiis  of  the  skin  and  kithieys, 

(ViffVe  is  adultemte<l  very  extensively  with  a  variety  tif  snhstanres 
of  vv'idelv  differeTit  nature^  ineluding  ebiettry,  diuidelifin,  and  rather  roots, 
rua>tiHl  eereals  ww}  legumes,  sawdust,  date  stones,  red  slate,  aeorns,  and 
i>t)ier  ehrap  articles.  It  is  nrrt  alone  in  the  grramd  form  that  it  is^ 
falsified,  for  even  the  iKitiis  are  imitatcHl  with  mixtnres  of  flour  and 
other  materials^  mnulded  to  the  t^nrriH-l  shafje  lUid  earefidly  i^oasted  and 
Oihirt^b 

The  deteetiiin  of  adidtemnts  in  eotfee  retpnres  bat  little  time.  Of 
great  assistiuiee  is  the  laet  that  eiit!ee  fH>u tains  alisolutely  n^i  stareli,, 
while  must  nf  the  ooniinoner  adulterants  eontain  it  in  abinidanee. 
Therefore,  if  a  s[M'eiinen  under  examinaticm  is  htkile<l  and  liltert'd,  and 
tlie  Hltnite  givfs  a  dirty  blue  rmetinn  with  tot-stilulinn  of  iodine,  <»ne 
nniy  be  sure  that  adulteration  has  fjecn  praetiscd*  But  ntit  all  of  the 
adultenuits  ar*'  starehy  in  their  nature  and,  tluTefra-e,  t>ther  exanu'nation 
is  m^f^sarv.  Mieroseopieal  examination  will  detect  not  otdv  the  starehy, 
tait  the  non-starehy  matters  as  well  l/ndrr  die  nnerttseope,  gi*ound 
edtTeelias  a  ^Itaraetiristie  apjit^arane*'  wbieli  eannut  he  n)istaken  tor  any- 
thing eW.  (1ue*)ry  and  other  ru4>ts^  date  stones,  and  all  other  berrie-s 
and  seefb  have  their  ow^n  ehameteri sties.  For  the  men-  detenu inatiun 
of  the  (piestion  of  purity,  only  a  knowledge  of  the  mierosa>pif*al  a(>* 
jH^jarana^  of  ct)ffee  itself  is  ret|Uire<l,  ami  this  is  a<'C|uin^l  t*asily  and 
tpdekly  by  direet  study*  For  the  identilieatinn  of  the  adidterruits 
present,  one  neee^sarily  f^liould  be  tamihar  with  the  appeanincH*  of  all 
of  the  substances  nse^l. 

Chicory  is  tlje  root  of  the  Ckhorlum  iniyb^LH,  a  perennial  herb,  grow- 
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rild  am!  extensively  cultivated  in  this  eonntn^  ao<]  in  Eiin»|tc.  Tlie 
pots  aiT  eU*ain*(l,  rut  iiit<*  pieres,  drit^l  in  l\ilns»  r^uiJ^trd  in  mm  rvliii- 
kcTi*,  uod  ^rouHil  into  a  cuarsr^  |M>\vcli'r.  Likr  futt'cr,  eliic^»rv  mIk-ii 
lifted  citDtains  a  volatile  priueiple  and  a  Ijjtter.  It  i.^  used  Uuih  a.-s 
^kduUemtit  and  as  a  subntitute  tin"  iH>tfee.  Mixtnl  with  mtfk%  it  lentls 
W^  c«ilor  and  flavor  to  tin*  infusion^  atal  hy  many  is  iv^ai'^knl  as  ii 
rinvble  addition*  Jt  itst^lf  is  snbjort  to  iHlultertitifHi  hy  clieatM-i'  riMits^ 
MIS  man^ehvnrzfl  and  tlandi'hoji. 

bflW  and   chicMuy  Ix'have  very  differently  when   thrown   into  told 

ier:  the  former  floats  und   retiiini?  itK  finu  eoni^i.stenre,  wliile  tht: 

tr  ftl>J«orbs  M'ater  very  nni(*klv  nnd  siuksj  nnd   in  its  descent   Irnv^s 

kfi  of  iMilor.     Cot!"e«*  vvbi*'li   lia.s  Ixvii  roast o<l  totj   miu-b  wilb  bow- 

Ti  soraetiiiK^  sink,  and  ebieor\'  whieb   has  been   titrated   with  fatty 

letoDces  will  float.      Mixtures  of  the   two  eiin  ofk'n  1h'  detected   l>y 

diiferenee  in  res^istance  when   j)laee<l  I  between  the  teeth,     Tlie  pur- 

u>f  c*otfe*^  are  nnieh  harder  than  those  of  eliieiaT,  whieh  yield  very 

dily  to  pressure  and  aLs<i  have  a  sweetish  taste. 

lolenor  and  damage!  raw  eoflfees  not  infretpiently  are  eoloitxl  and 

kJtmli  in  onler  tliat  they  may  1h'  improvtil  in  apjK'amnee  or  l»e  made 

^^piniiuite  lietter  g^nides.     The  tar'iut«:  a^^euts  nsed  atv  mixtnivs  eoutain- 

itijf  Vfirialile  amounts  of  ultmniarine,  iudigt*,  elay,  gyjjsum,  ehromate 

"fWianil  njal   dust, 

■Accordiug  to  G.  WirtZj'  inferit>r  gmdet^  of  eoflee  niv  tivat cd  largely 
Tf  Antwerji,  Rotterdam^  Hainlairg,  Bremeu,  and  elsewhere^  by  washing, 
^)l<»riijg,  and  Anally  drying  liy  eentrifiigtition  witli  sawdust,  tbu  result 
witif*  a  fine  white  prrMhict  of  an  apparently  greatt-r  vabu'. 

Pai'kage  chiHW's  sold  under  various  names,  sueh  ns  **  Freueb  Briak* 
fiwt  (Wee/-  "  Vienna  Coffee,- '  imd  ^*  Enr^'ka  Bmikfast  Coffee;*  are 
iHy  anytliiug  more  thau  roast^Ml  nnd  ground  perc^ds  luid  pctis.  It  la 
^  k'  «iidy  however,   that   their  eluiraetin*   usnally    is   indirattnl   in  tlie 

KtAom  tor  use  printin!  on  the  labels,  wbi(*b  enmmcmly  begin  by 
i«og  the  use  of  **  a  tiiird  more  tbau  you  would  use  of  geiruine 
<«fif/*  Mien^seopiejd  examination  and  the  iodine  test  will  ivveal 
'"<?ir  counKJsition  vei^^  (luiekly. 

K  COCOA. 

"vowia,  a  eormption  of  (hviio^iiviil  in  no  way  n^ate<l  to  the  eooianut, 
**Mmved  from  the  seeds  of  tlie  Thmhroma  t*arao,  a  nntivi^  of  tn*|>ieid 
■pyritau  It  is  estimated  that  the  annual  prmlurtion  of  thf  see<ls 
KmntH  to  about  li">0,tKK),n(K)  pomids,  more  tbau  a  flfth  of  wluch  h 
^port*fl  by  Eeimdor  alone.  Nearly  a  fifth  of  the  imnual  crop  is  eon- 
^miti  within  the  United  States. 

The   fruit  of   the  e*H*oa  tree  is  a   luw!^  abont  a  foot  long  and  half 
«>  wide,  till  CM  1    with  **  beans/'  or   **  ehorolate   ruits/'  ul^MUt   as  large  as 
imbeddtHl   in  five   rows  of  from  four   to  ten  eat^i  in  a  pulpy 
When   ri{K^,  the  |wh1s  are  gathered  and  eolle^^ted  into  heaps, 
for  a  day  or  longer  ;  tbt-n  tliev  are  ent  t*]K'n  and  depriviHl  of 
M  Ziritachrift  fur  Untersuchung  der  Nahrungv  imd  UenUHHmittet,  IH98,  \k  248. 
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the  se^diri,  wliioh  are  alloweil  to  underj^o  a  prmT?ss  of  fcTnwntation 
in  ttirthen  v<^«i,stOs  ar  in  holvs  in  tlio  trrimntL  Tliin  inxttt^^,  wlikli  iniij^t 
bo  rt*giilat(Ml  vprv  raivfnlly,  has  ihr  it'^  ohjert  tin*  removal  of  an  acTid, 
bitter  taste  and  eoiisec|iifnt  impnjvement  in  tiavijr.  Soiuetiine'^,  the 
seeds  are  drkd  in  the  sun  as  soon  aa  removed,  but  the  ]»roduet  is  then 
of  Hindi  less  value;  iM3nietiines,  the  entire  (Kid  is  Imrierl  nntil  the  jmlp 
Winnies  i-otten  ami  suttt-neth  When  the  tennentatinn  prc»ce>s  is  enm- 
pleted,  the  set^ls  are  drie^l  earefiilly  in  tlie  son,  and  thru  Ikhmuhc  hard, 
brittle,  and  re<ldi^h  or  retidi.^h  bnnvii  iu  eolur. 

In  tlie  preparation  of  e<K2<m  for  the  market,  the  seeils  first  are  cleaned 
and  earefidly  niasttnl.  As  is  the  eas**  with  ei^tlce,  tlie  ri>a>tin_tr  rnn*«tJ 
be  earritil  to  a  eertain  point  to  insure  the  devclnpnient  of  the  desirerH 
flavor,  bnt  not  so  lar  beyond  as  t<»  impair  it.  Dnrintr  this  pn>e«\^8j  the 
thin  hu>ks  i4*  the  seetJs  beeome  more  tietaehablej  and  before  the  next 
o[K'nition  they  are  removeih  Then  the  setnls  art*  erushtMl  lightly  and 
fretnl  from  their  liard*-ne*I  ^a-rnis  and  in  this  form  are  known  as  **  nibs.'* 
Thi>t»  iire  gri>nnd  in  a  speeial  form  of  mill  into  a  past<'  ( *'  flake  e<ieoa  '*)^ 
wliieli  is  mindded  into  eakes  and  allowed  to  harden.  In  i his  form,  the 
product  is  known  as  plain  ehtK^thite.  The  sweet  and  Havnretl  ehoe^^K 
lates  are  made  with  the  addition  of  su^ir^  vanilla  liean>,  einiiam»*n  antl 
other  spices.  Inferior  vanilla  eho^-(»late  is  made  with  iirtitieiul  vanillin 
luid  cHiumarin,  in  plai*e  of  the  fai-  more  exjiensive  an<l  belter  fiavore*! 
vanilla  bejin. 

For  the  |»repar;ition  ol'  pnwdered  ei>eoay  it  is  iieeessarv  to  reuro\e  ii 
pirt  of  the  uif  whi(*h,  wlien  present  in  its  normal  anion nt,  favors  eak- 
intc.  This  removal  is  aecNunjilishe^l  by  hy<lran!ie  pressni'e,  and  the 
pusfte  is  then  jjasseil  thrtmgh  i^ieves  of  exeivilin^ly  fine  mesh- 

The  S4>calle<l  >4<ilnl)le  cocoas  are  prewired  with  sugar  and  starches, 
particnlarly  arrowroiit,  lait  the  *"oeoa  itn^^f  is  not  soluble  in  water.  The 
apjKUTnt  s(»lnbility  is  diw  to  the  fineness  fif  the  powder  and  to  the  in- 
crease in  the  sfKtiti*'  gnivity  of  the  lit|nid  dne  to  the  sugtir  in  snbition, 
Ixith  thest*  txuiditious  hivoring  [>roloaged  snspensiiai  without  sethmen- 
tation.  Sfime  of  the  Dutch  soluble  eocttjis  are  treateil  with  alkalies, 
f>r  the  removal  (»f  the  (*rnde  fiber  and  fur  tlieir  efftrt  njnm  thee«dorJng 
matters.  These  eoeoas  thiTcby  lose  [uirt  of  tla^ir  natural  flavta%  but  the 
I088  h  made  up  somewhat  by  the  addition  of  fragrant  foi-eigu  matter, 

CoiH^^Ki  was  intn>dn<'i'<l  into  Knnjpe  by  the  S}»sinianls  after  their  in- 
viision  of  Mexieo  under  (V»rtez,  in  151 D,  It  was  not  known  in  Kngland 
until  KV57,  when  it  was  s^ild  first  in  Loudrui  by  a  Frenehman.  In  this 
cjonntry,  it  first  was  prepanrl  and  sohl  at  Danveiv^  Massuehnsetts,  in 
1771,  from  raw  material  brought  Irom  the  West  lndie;=j  by  the  ti.sher- 
men  of  (ih)ncester. 

ITnlike  tea  and  coffee,  which  in  tliemselves  eaii  hardly  be  reganU^I 
as  adding  any  nutriment  to  the  diet,  cocoa  is  an  exec^nlingly  valnable 
fiHid,  which  fKissesM's  the  advantage  of  much  nntriment  in  small  l>nlk, 
and  henee  is  particularly  snitml  to  tlie  ueedf^  of  those  engjiged  in 
exjM'ditioTis  remiivcd  from  civilized  centers.  It  makes  a  wbole.'^ome^ 
agrtH^iible,  slimulaul  beverage,  and  is  eaten  iu  the  form  of  choe'olate. 
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I  as  an  addition  to  cakes,  puddings,  and  other  compounds.  The 
lOa  nibs  and  plain  chocolate  contain  about  50  per  cent,  of  a  whitish 
id  &t  of  agreeable  taste  and  smell,  commonly  known  as  cocoa 
Her.  It  contains  variable  amounts  of  the  alkaloid  theobromine 
imethylxanthine),  which  is  related  very  closely  to  caffeine  and  theine 
nmetbylxanthine),  and  has  nearly  the  same  physiological  action, 
though  somewhat  less  stimulant  and  rather  more  diuretic.  The 
Dount  is  said  to  average  about  1.50  [)er  cent.  Cocoa  is  rich  in  nitro- 
BKHis  matter,  contains  more  than  10  |)er  cent,  of  a  starch  with  small 
mud  granulesjjand  about  3.50  per  cent,  of  ash,  which  Ls  largely  phos- 
bite  of  potassium. 

Sixteen  analyses  of  the  kernels,  compiled  by  Konig,  give  the  follow- 
ng  averages : 

Water 3.63 

Proteids 13.49 

Fat 49.32 

Storoh 13.26 

Eztnictives 13.18 

Fiber       3.65 

A»h 3.48 

»  100.00 

The  husks,  commonly  known  as  "  shells,"  are  used  in  the  prepara- 
tltm  of  a  cheap  and  wholesome  beverage.  They  contain  little  fat,  but 
•re  about  equal  to  cocoa  in  nitrogenous  matter,  and  contain  more  than 
40  per  cent,  of  nitrogen-free  extractives. 

Cocoa  and  chocolate  are  subject  to  extensive  adulteration  with  sub- 
itances  having  much  less  commercial  value,  though  perhaps  equally 
witritious.  Among  those  used,  are  starches  of  various  kinds,  as  wheat, 
lye,  potato,  arrowroot,  and  rice,  sugar,  vegetable  oils,  mutton  tallow 
wd  other  fats,  Venetian  red,  clay,  and  brick  dust.  Various  flavorings 
tw  employed,  such  as  vanillin,  coumarin,  clove,  mace,  cardamom,  and 
Btttmeg ;  but  unless  these  are  used  under  the  name  of  vanilla  or  of 
other  flavorings  than  themselves,  they  cannot  be  r^;arded  as  adul- 
terations. 

Fermented  Alcoholic  Beverages. 


Beer  is  the  generic  term  which  includes  all  fermented  drinks  made 
™n  malt — lager  beer,  ale,  porter,  and  stout.  As  commonly  under- 
Jf*^,  beer  is  an  infusion  of  malted  barky,  flavored  with  hops  and 
Rented  with  yeast ;  but  on  account  of  the  fact  that  wholesome  sub- 
^Utts  for  malt  and  hops  may  be  employed  in  its  manufacture,  it  is 
*^ed  also  as  a  "  fermentec^  saccharine  infusion  to  which  some  wliole- 
^^^^  bitter  has  been  added."  In  this  country^  the  term  Ixht  is 
JJ^ctcd  commonly  to  the  product  generally  known  as  lag(T  beer. 
*orter  is  a  beer  with  a  high  percentage  of  alcohol,  and  is  made  from 
^i  dried  at  a  high  temperature.  Stout  contiiins  lei^s  alcohol  and  hops, 
wit  more  malt  extract.    Ale  is  a  pale  bet»r  containing  more  hop  extnict 
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ami  lei^s  mult  extnu-t  thiui  jMirter  or  stf»iit,  ami  l>iv\vetl  bv  **  top  termeu- 
tation." 

Beer  was  iiiiitli'  hy  the  E|ryj»ti:uLs  numy  tviiiuries  l>t4omtht'  Christian 
em.  It  i.^  relstk'cl  tliat,  for  public  R'n^^cuis,  tlif  siippren^iim  f»f  becr-slmps 
\va.H  atteniptt^l  by  their  ^n*veninietit  more  tiutii  fbiiy  eeiituriet^  apj.  The 
art  of  brewing  wa.'^  tau^^ht  by  theJii  to  the  aiieieut  Greeks  aiid  Romans  ; 
thus,  beer  wai*  a  eommiui  Avrnk  m  Greeee  pri^ir  to  7(.K)  b.  c,  and  Mas 
line  *>f"  the  j>riiieij>al  iieveraiFes  tti'  tlie  Hihliers  at'  (Vsjir.  In  the  time 
4^r  Tacitus,  it  was  in  eniniuiai  uk^  in  (ieriuany  ;  aiul  I'huy  sjH^iks  tif  hs 
am  in  S|i£iiiL  Tlie  ancient  Britons,  at  the  tinie<»f  the  Koman  ronijnest, 
made  it  fVuiu  barley.  .Vt  the  time  cjf  the  Nnniiaii  eiajcpiest,  the  wurfls 
Vikvr  and  ale  meanit  in  En^huRl  the  same  tiling; :  a  drink  ma<le  nf  malt 
%vitliuiit  1ri[>s.  Later,  tlie  wnrd  lieer  fell  iiiti*  disuse;  but  in  the  fif- 
teenth and  sjxtetajtli  eenttiries,  after  the  intmduetiou  by  the  Flemish 
of  l>eer  made  with  hopn,  the  term  wilh  revivtJ,  and  tht*n  meiint  hopjied 
ale.  The  nse  tjf  luips  was  f<»rbidden  in  153^  hy  Hi'ury  VII I.,  who 
regarded  them  as  an  ailulterant,  and  in  the  first  year  <if  t!ie  reign  of 
l\irhai\l  IIL|  the  auth<n'ities  of  Ijf>ndon  laid  a  iitie  of  (is  Kd  rm  every 
barrel  t*f  iRTr  containing  them*      Later,  this  was  nnhicHl  one-half. 

The  prejudice  against  the  use  of  hops  in  brewing  is  expressed  by  one 
of  tlie  earliest  English  writers  on  dieteti*'s,  Andrew  Btx>rde,'  who  says  : 
*' Ale  is  made  of  lualte  and  water;  and  they  the  which  do  |)Ut  any  other 
thyngc  to  ale  than  is  rela^rs<M!,  except  vest,  barnie,  or  pMJesgoml,  doth 
Hdystieat  tlieyr  ale.  Ale  for  an  Englysshc  man  is  a  natnnd  ihynke. 
Ale  must  hane  tliese  pn>jM'rtyes :  it  must  be  fresshe  and  clcare,  it  nmste 
not  l>e  n>]iy  noi-  smoky,  nor  it  mnst  bane  no  well:  nor  tayh^  Ale  siinld 
not  lie  drunk  nniler  w  dayes  olde.  Newe  ale  is  vnhoLsonie  for  all  men. 
And  sow^re  ale^  anil  dwide  ale  the  which  doth  stande  a  tylt,  is  gtK>il  for 
no  man.  liarley  malte  maketli  better  ale  than  oten  malte  or  any  other 
ojrne  doth  :  it  doth  cngiadre  gi^ise  bun  ion  res  ;  hut  yette  it  maketh  a 
man  strongc.  B;re  is  made  ol'  malle,  of  hoppes,  and  water:  it  is  ihe 
naturall  dryiik  ibr  a  Dutehe  man.  And  nowe  of  late  tlayes  it  is  nuK-he 
V!«tHl  in  Englamle  to  the  detn*ment  of  nmny  Englysshe  men  j  sj>e<\vally 
it  kyllcth  them  the  winch  be  troubled  with  the  colyrke,  and  the  stone, 
<\:  the  strangnlion  ;  tor  tl»e  ilrvnke  is  a  cold(*  dryrdce;  yet  it  doth  make 
a  man  fat,  and  inflate  the  Ih'Iv,  as  it  doth  aj^jK^re  by  the  Dut(*he  mens 
faces  &  Ijclyes,  If  the  In^re  l>e  well  serninb  'i'^l  be  fyned^  &  not  newe, 
it  cloth  qiialyiy  the  heat  of  the  lyuer.'* 

The  ancient  (rennans  made  iR"<T  fnan  all  kinds  of  grains,  and  for 
flavoring  ushI  oak  l>ark,  sage,  and  leaves  ni'  the  laurel,  ;»sh,  ami  tama- 
risk. Ho]>s  were  used  more  or  less  from  the  ninth  a'litury,  and  came 
into  general  use  in  the  eleventh. 

Beer  being  the  conuiion  drink  of  most  Enro]>ean  jKHtplcs  before  the 
estiddishment  of  eolonit^s  in  America,  it  folluwcd  natnndly  that  tlie 
early  settlers  of  tliis  cfumtry  brought  the  ait  of  bn-wing  with  tlic^m. 
In  1629,  the  cultivation  of  hops  liad  l>cen  carried  on  for  some  time  in 

'A  GnnpeintyoM?*  Ik-^ynient,  irr  A  1  K*.'tfi  ry  uf  HeltJi,  made  in  Moiintpylier,  eom- 
pyled  by  Andrew c  Bciortit;  of  Physycbt?  Diicttmr,  Lutidiui^  1542, 


BEER,  177 

Jew  AmHterdani,  and  hop  roots  were  sent  for  from  England  by  the 
gothoritie^  of  Massachusetts.     In  nearly  all  the  colonies,  the  brewing 
f  beer  was  warded  as  quite  as  essential  an  accomplishment  of  women 
i  the  ability  to  make  good  bread. 

'  The  first  law  regulating  the  sale  of  alcoholic  beverages  in  Massa* 
insetts  was  made  in  163'3;  it  prescribed  that  no  person  should  sell 
inne  or  spirits  without  a  j)ermit,  but  made  no  reference  to  beer.  In 
k  following  year,  it  was  ordered  that  no  one  should  charge  more  than 
ifenny  for  a  quart  of  beer,  and  in  1G37,  that  no  inn-keeper  or  vie- 
iMller  should  sell  any  intoxicating  drink  but  beer ;  and  this  they  were 
inhibited  from  brewing  themselves,  but  must  obtain  from  a  licensed 
Stewer.     In  the  following  year,  owing  to  the  fact  that  the  only  one  of 

S'ihis  class  was  unable  to  meet  the  demand,  they  were  allowed  to  conduct 
Ae  process  themselve-*.  In  1649,  it  was  ordered  further  that  every 
;  bn-keeper  and  victualler  should  keep  always  on  hand  a  supply  of  go(Kl, 
;  wholesome  beer.  In  1651,  the  court  undert<x)k  to  stimulate  the  pn)- 
dnetion  of  a  better  grade  of  beer  in  the  belief  that  thereby  the  growing 
lendency  Uy  the  use  of  wine  and  spirits  and  the  increasing  habit  of 
drunkenness  would  be  checked,  and  permission  was  granted  to  charge 
«ie,  two,  and  three  pence  per  quart,  according  to  the  amount  of  malt 
used  per  barrel. 

A  duty  of  a  shilling  per  bushel  of  imported  malt,  imposeil  in  1654, 
billed  forth  a  protest  from  Boston  merchants,  on  account  of  the  very 
HWRt  importance  of  bc»er  as  a  beverage  of  the  [people.  In  the  following 
JBM",  iu  order  to  promote  home  production  of  malt,  importation  was 
prohibited,  but  this  order  was  repealed  in  1660.  In  1667,  the  use  of 
•classes  as  an  adulterant  of  beer  was  punisliable  by  a  fine  of  five 
poonds.  Similar  laws  relating  to  beer  were  passed  from  time  to  time 
hy  the  authorities  of  all  the  original  colonies. 

PhN^88  of  Mannfacture  of  Beer. — Tlie  first  step  in  the  brewing 
^'beer  is  the  prej>a ration  of  the  malt.  The  barley  first  is  steeixKl  in 
^»«ter  for  several  days,  and  then  is  removed  and  arrjiuged  in  heaps, 
^h,  after  a  time,  are  spread  out  and  turned  rei>ejitedly  until  germi- 
wtion  has  proceede<l  to  the  requisite  extent.  Next  it  is  dried  in 
Mns  at  a  temperature  below  or  about  90°  F.,  and  then  is  heated  to 
fcttJ  125°  t^)  180°,  according  to  the  color  desired.  This  pnwess 
^vdops  flavor,  completely  checks  germination,  and  determines  the 
commercial  character  of  the  product.  The  steeping  of  the  malt  is 
^ne  best  in  water  containing  considerable  of  the  mineral  salts  that 
^^^  hardnes^s ;  a  soft  water  exerts  Urn  much  solvent  action  on  the 
P'^^id  matters,  which,  soon  after  extraction,  are  likely  to  undergo 
"f^mposition.  During  the  progress  of  germination,  the  ferment 
^*Jlase  is  develoj)ed,  and  proceeds  to  convert  the  starch  into  dextrin 
*^  maltose.  After  the  germs  and  rootlets  have  l)een  removed  by 
P'^per  screening  and  sifting,  the  malt  is  crushtMl,  and  then  an  infusion, 
tlKJ^wort,"  is  made  with  water  at  alxmt  160°  F.  This  is  drawn  off 
"Wn  the  exhausted  malt,  and  then  lM)il(xl  for  an  hour  or  two  with  hops, 
^ch,  besides  giving  a  characteristic  bitter  flavor,  assist  in  clarification 
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hy  the  at'tion  uf  tlieir  cnntairaxl  tannin  on  some  of  the  pmteid  matters. 
Then   the   hoileU    bitter  wort  is  ecM>le<l   rapidly,  run   iuto  vab^,  luixod 
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Li  II  ring 
alcohol  and  (tLrhi^nie  arid  are  fornuHl  f'nmi  the  nialt^tise.  The  nature' 
oi'  the  pnjduet  is  infiueueed  very  largely  by  the  purity  of  the  y€a.st 
and  by  the  niethcRl  ol'  fermentation  folio wi'd.  Tttp  fermentation  it^ 
esirrifnl  un  rapidly,  and  at  a  eoniparatively  liig'h  temperatiii\\  the  ye^iKt 
gro\vin|r  at  the  snrlaee  ;  in  bottom,  or  sedimentary,  fermentation,  tfie 
yea^t  gn^vs  at  tlie  liottom,  the  prixiet55  is  t?lowcr,  and  is  airrieil  cm  at  a 
lower  tenijienitnre.  The  ehief  advantage  of  the  employment  of  yeast 
whieh  grows  at  a  \n\\  temperature  is  that  other,  pt*rhaps  nndesirahle, 
gniwths  may  l>e  nnaltle  to  |)roet*(Hh  Wlmtever  the  prtM'<'ss  of  fermenta- 
tion tnlh>we<l,  nut  all  the  sugar  shcmld  be  alhtwed  tn  l>e  <:N)nvertecI,  for 
then  the  flavor  would  be  not  wliat  it  shtudd^  and  the  keejnug  qualities 
would  Im?  imi>inrt*tL  On  the  eompletiou  of  fermentation,  the  Ih^t  m 
sepamttHl  imm  the  yeast  aiul  tnuisierre<l  U\  vats,  where  it  is  elarifit^L 
As  ehiri lying  agents  a  variety  of  materials  are  used,  the  eluef  uf  whieh 
are  eliips  or  sliaviugs  i»f  eertain  wotrds,  as  hazel  or  l)et^4i,  whieh  attraet 
and  hold  the  iwirticles  whieh  cans*^  tnrludity*  These  materials  alfeet  in 
no  way  the  taste  t>f  the  beer.  Other  suhstanees  usim:!  include  gelatin^ 
isinglass,  tlax-see<l,  au<l  *'arrageeiK  After  clarification  is  accomplished, 
the  piTxhu't  is  stHri*^!  for  a  time  in  storage  casks,  where  it  ujidei^oesi  a 
further  shiw  iermentation  at  a  low  tem|wratiire,  after  which  it  is  ready 
for  use. 

Substitxites  for  Barley  Malt. — While  liarley  is  n^eogni?:ed  univer- 
f=^lly  as  the  grain  Ix^st  snittnl  to  the  lirewing  of  whi^lesome  Iw^t,  any 
other  cental  may  be  usimL  Sanetijues,  unmalttHi  grains  are  added  to 
the  malt  before  the  infusion  is  made,  for  the  diastase  of  the  malt  is 
cafiable  of  eun verting  not  only  the  starch  with  whieh  it  naturally  i^ 
associattHl,  Init  a  large  amount  of  nther  starches  ;  and  so,  riii",  corn, 
and  other  cermls  may  l>e  empluyinL  Olucose  and  eaine  sugar  are  used 
somewhat,  hut  the  ]>rmlnct  is  decidedly  inferior  in  cpiality,  since  these 
sobstanees  are  lacking  in  some  of  the  elemeuts,  as  proteids  and  niin- 
eml  matters,  whi(*h  cuntribnte  to  the  desiralile  cha meter  of  the  best 
beers. 

fVina^rning  the  nseofgliierKS<\  which  adcls  strength  to  the  wort,  there 
etin  be  no  objection  on  the  score  of  being  in  any  way  deleterious  to 
health.  The  popular  belief  in  tl»e  uu whc^lesomcness  of  glucose  made 
from  corn  stareli  h^d  ihe  U.  S.  Trwisnry  I>4'partment,  in  15^82,  to 
request  an  investigatii»n  of  the  snl>ject  by  the  Xati*>nal  Academy  of 
SeiencH^^.  This  was  craidueted  by  a  cf^mmittei'  of  eminent  stnentii^ts^ 
ineluding  Pndessors  ( Hbhs,  of  Harvai'd  ;  Brewer,  of  Yale  ;  Remsen,  of 
Johns  Hopkins  ;  P>iH-ker,  r>f  JVnnsylvauia  ;  and  fliandler,  of  ColundHa, 
whose  conclusions  wen* :  that  the  processes  enijihtved  in  the  mannfaet- 
ure  are  uuohjectionable  ;  that  the  product  is  td"  ejcceptiomil  purity, 
and  in  no  way  inferior  in  heiilthfidness  to  cane  sugar;  and  that  there 
was  no  evidence  adfliieeil  to  show  that,  even  wlien  taken  in  large  quan- 
tities, either  in  its  uatund  condition  or  fermented,  it  has  any  injurious 
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tSects   upon   the   system.     From  a  recent  ex])erienee  in  England  it 
ippears,  however,  that   not  all  manufacturers  produce  a  pure  article ; 
;«Ba  that  if  sulphuric  acid  made  from  arsenical  pyrites  is  used  in  the 
fnwess,  the  resulting  sugar  may  contain  sufficient  arsenic  to  aiuse  seri- 
eiiB  and  even  fatal  poisoning.     In  November,  1900,  Dr.  E.  S.  Rey- 
■oUs^  called  attention  to  a  number  of  aises,  characterized  by  paralysis, 
WMting  of   certain  muscles,  and  loss  of  function  of   certain  sensory 
serves,  which,  after  considerable  study,  he  decided  to  be  arsenical  poison- 
ing. Shortly  afterward,  an  increase  was  noticed  in  the  number  of  cases 
of,  and  deaths  from,  peripheral  neuritis  in  different  cities  and  towns,  and 
k  appeared  that,  in   Manchester  and  Salford  alone,  there  were  about 
8000  cases,  and  that  the  victims  were  drinkers  of  beer.     The  beer  in 
nee  was  examined,  and  found  to   be   distinctly  arseniad,  and  it  was 
fcwned  that,  in  its  manu&cture,  glucose  and  invert  sugar,  made  at  a 
fiwjtoiy  near  Liverpool,  had  been  employed.     Specimens  of  the  glucose 
were  found  to  contain  from  0.02  to  0.05  per  cent,  of  arsenious  oxide,  and 
eiamination  of  the  various  beers  made  therefn)ra  showed  from  0.10  to 
1.50  gniins  of  arsenic  per  gallon.     The  amount  of  beer  consumed  by 
the  victims  varied  from  a  pint  to  two  gallons  i)cr  day  ;   many  drank  a 
gJkm  each.     A  parliamentary  commission,  appointed  to  investigate 
tlie  matter,  reported  finding  from  0.5G  to  9.17  grains  of  arsenic  per 
pound  of  glucose,  1.40  to  4.34  grains  per  pound  of  invert  sugar,  0.25 
to  3  grains  per  gallon  of  beer,  and  1.40  to  2.60  [xjr  cent,  of  arsenic  in 
tbe  sulphuric  acid  with  which  the  sugars  were  made.     Between  Xo- 
vanber  25,  1900,  and  January  10,  1901,  there  were   no  less  than  36 
Jathd  in  Manchester  alone,  which  were  attributed  to  arsenical  poison- 
og.    The  symptoms  observed  in  this'  extensive  outbreak  began,  as  a 
nile,  with  disturbances  of  digestion,  followed   soon   by  lar^^ngeal   and 
bronchial  catarrh  and  acute  skin  eruptions,  and  then  by  disturbances 
rf  invisibility  and  motor  paralysis.     The  ca<c\s  were  gn)uped  into  those 
w  which  all  the  above  symptoms  were  fairly  well  niarkcMl,  and  those  in 
which  the  principal  lesions  were,  respectively,  of  the  skin,  heart,  and 
Kver,  and  paralytic. 

Bubstitntes  for  Hops. — Various  substjnioes  have  from  time  to  time 
^  reported  as  l)eing  used  in  place  of  hops  to  give  bitterness  to  beer. 
These  include  nt^rly  everything  having  a  hitter  taste,  such  as  str\'ch- 
pu»e, chirata,  adumlm,  cocculus  indicus,  aloes,  and  picric  acid.  (\K»culns 
?^was  mentioned  in  Holland  as  otirly  as  1620  as  an  adulterant. 
This  and  its  active  principle  picTotoxine,  and  picric  acid,  have  hinm 
^ployed  ocrcjisionally  in  England  and  elsowhero  ;  but  at  the  present 
^  it  is  ssife  to  say,  none  of  these  substances  is  nseil.  Of  476  sani- 
PSof  beer  examined  for  the  State  lioard  of  Healtli  (►f  Xew  York,  in 
1"85,  not  one  was  found  to  wntain  any  liop  substitutes  whatever. 

*M)  objections  can  be  .alleged  agjiinst  siieh  wholesome  bitters  as  (piassia, 

Pntian,  calumba,  and  chirata.    Evidence  that  they  ever  are  employed  is 

^^oeedingly  slight.     As  a  matter  of  fact,  there  is  no  siitisfaetorv  sub- 

*"tute  for  hops,  which  give  not  alone  bittenu^ss,  but  other  flavors  and  a 

»  BritiHh  Metlical  Journal,  Nov.  iM,  VMH), 
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jK^culiar  aroma,  due  to  the  resinous  matter  which  they  coDtain.  In  tin 
sixteenth  and  seventeenth  wnturies,  various  other  flavorings  were  usd, 
such  as  sage,  coriander,  laurel  leaves,  pepper,  grains  of  Paradise,  onii 
and  essential  oils. 

Physical  PropertieB  and  Chemical  Composition  of  Beer.— Bee 
should  be  perfectly  clc»ar  and  bright.  The  presence  of  any  turbidit 
denotes  either  imjierfect  brewing  or  the  occurrence  of  undesiraU 
dlK'omposition  processes.  The  latter  are  accompanied  generally  by  dk 
agreeable  odors.  The  taste  should  be  pleasantly  bitter  and  inclining  I 
sweetness  rather  than  to  acidity.  There  should  be  a  sufficient  amoui 
of  carbonic  acid  to  make  a  ])leasant  impression  in  the  mouth,  such  as 
not  produced  by  flat  lx»er.  The  8j)ecific  gravity  ranges  fn)m  about  LOO 
to  1.025,  averaging  l>elow  1.020.  In  bock  beer,  which  is  a  speci 
brew  containing  a  wnsiderable  increase  in  malt  extractives,  the  specif 
gravity  is  notably  higher,  running  as  high  as  1.035,  and  averagifl 
more  than  1.021. 

The  most  inii)ortant  cH)nstituents  of  beer  are  the  extract  and  alcdw 
The  extract  hicludes  all  of  the  non-volatile  matters  in  solution,  an 
consists  of  proteid  matters,  dextrin,  sugar,  hop  resin,  and  other  sol 
stances  left  as  a  residue  on  complete  evaporation.  The  amount  is  var 
able ;  it  is  highest  in  j>orter,  stout,  and  bock  beer,  and  lowest  in  & 
light-colored  lagtT  bet»rs.  In  the  former,  it  averages  about  7.50,  an 
in  the  latter,  about  5.50  j)er  cent.  Twenty-eight  s|>ecimens  of  Ama 
ican  beers,  ales,  and  porter  collected  in  Washington,  and  analyzed  b 
Mr.  C.  A.  (  Vampton,^  averaged  5.53  j)er  Cent. 

The  average  extract  of  182  analyses  of  specimens  of  beers  of  d 
lighter  kinds,  (^nnpiled  by  Konig,  is  stateil  at  5.49  (range,  1.98-9.23 
of  211  lager  beei-s  of  all  kinds,  at  5.78  ;  of  50  export  beers,  at  6.4^ 
and  of  5G  bock  beers,  at  7.20. 

Tlie  amount  of  alcohol  is  also  variable.  The  specimens  examin* 
by  CVanipton,  avenigtHl  4. 03  ])qt  cent,  by  weight  and  5.79  by  volua 
The  light  beers  above  mentioned  (Konig)  average<l  3.46  per  cent  1 
weight ;  the  sc^cond  group,  3.05  ;  the  third,  4.31  ;  and  the  fourth,  4.7 

Adulteration  of  Beer. — Beer  is  supj)osed  popularly  to  be  ext€ 
sively  adulterat(^d,  and  the  substances  alleged  to  be  in  common  i 
make  up  a  list  remarkable  for  length  and  variety,  including  such  p 
sonous  drugs  as  opium,  belladonna,  henbane,  and  strjThnine,  many  < 
the  aromatics  and  aix)matie  bittei-s,  corrosive  acids,  drastic  catharti> 
and  many  other  substjuu^es.  The  actual  adulteration  of  beer,  howevt 
is  restricted  praeticiilly  to  the  use  of  j)reser\'atives,  such  as  sodii 
fluoride  and  sali<ylio  acid,  of  sodium  bicarbonate  to  correct  acidi 
and  to  increjise  tlu'  **  bead,"  and  of  sidt  to  correct  bad  taste  and 
inspire  thirst  for  more. 

The  use  of  ])re>ervatives   is  the  only  form   of  adulteration  which 

of  practical  hygienic*  im|)ortance,  and  in  several  countries  is  puni> 

able  by  heavy  ])enalties.      In   (lermany,  preser\'atives  are  intenlid 

very  strictly,  exce])t   in   l)<»er  intended  for  exjK)rt ;  and  the  |)ermissi 

^  r.  S.  Dt'partnicnt  t>f  Airriculturc,  Division  of  Chemistn*,  Bulletin  13,  p.  282. 
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inded  is  accepted  so  freely  that  it  is  rare  to  find  in  this  country  a 
limen  of  German  bottled  beer  which  does  not  contain  a  liberal  dose 
salicylic  acid.  Many  American  brewers  use  this  agent  with  a  gen- 
handy  under  the  benevolent  plea  that  it  is  a  prophylactic  against 
tism.  By  the  same  process  of  reasoning,  one  might  contend  just 
well  that  opium  in  food  and  drink  would  prevent  pain,  and  biniodidc 
mercury  keep  the  system  free  from  syphilitic  infection. 

Analysis  of  Beer. 

In  the  analysis  of  beer,  the  most  important  processes  are  the  deter- 
^unatioD  of  the  percentage  of  alcohol  and  of  extract,  and  the  detection 
of  preservatives. 

Betermination  of  Alcohol. — For  the  determination  of  the  percent^ 
■gc  of  alcohol,  a  sufficiently  large  portion  of  beer  should  be  shaken 
in  a  capacious  flask  until  the  carbonic  acid  is  expelled,  and  then  a 
meaBured  volume  should  be  subjected  either  to  distillation  or  to  partial 
evaporation  in  an  open  vessel, 

(a)  Determination  by  Distillation. — Introduce  into  a  flask  connected 
with  a  Liebig  condenser  100  cc.  of  the  well-shaken  beer,  at  60°  F., 
•nd  dirtil  into  another  flask  connected  with  the  discharging  end  of'  the 
CMidenser  by  means  of  a  bent  glass  tube.  Continue  the  distillation  until 
somewhat  more  than  50  cc.  of  distillate  have  been  collected,  when  all 
of  the  contained  alcohol  will  have  been  expelled  and  condensed.  Add 
wffieioit  water  to  the  distillate  to  make  100  cc.  at  60°  F.,  determine 
rtB  specific  gravity  by  means  of  a  picnometer  or  Westphal  balance  (a 
*pwific  gravity  spindle  is  not  sufficiently  accurate),  and  ascertain  fn)m 
A»»  by  reference  to  the  appended  table,  the  ixToehtiige  of  alcohol  by 
weight  or  volume. 

(b)  Determination  by  Open  Evaporation. — This  method  involves  less 
""ttnipulation  and  gives  equally  accurate  results.  The  specific  gravity 
rf  the  l)eer  is  determined  first  in  the  manner  above  mentioned.  Then 
P«ce  100  cc.  at  60^  F.  in  a  glass  or  porcelain  evaporating  dish,  and 
hy  the  application  of  heat  drive  off  rather  more  than  half  the  amount. 
«*RJove,  cool,  make  up  with  water  t^i  the  original  volume  at  60°  F., 
and  again  determine  the  specific  gravity.  Divide  the  original  gravity 
•?'  the  latter,  and  the  result  equals  that  of  the  ala>hol  which  has  l>een 
expelled.  liefer  to  the  table,  and  obtain  therefrom  the  percentage  of 
^M  in  the  beer. 

The  following  tiible,  by  Mr.  Edgar  Richards,  is  the  one  used  by  the 
Association  of  Official  Agricultural  Chemists :  ^ 

U.  8.  Department  of  Apiculture,  Division  of  Chemistry,  Bulletin  No.  46,  Waah- 
•"Voo^  GoTeroment  Printing  Office,  1899. 
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FOODS, 


poculjar  uroiiifi,  il*io  t(^  the  rcsinmus  irKtttfT  wlttc^h  thfv  f*fititaiij.  In  the 
tifxteontli  utkI  sev^^'uttrnth  t^t^iitork>,  vjiritms  other  ttav<»nng>  were  iistxl, 
8uch  ini  >»ag^,  coriander,  laurel  leaves,  jM»pper,  grains  of  Paradi>?c,  orrih, 
and  e>isential  oils. 

Physical  Properties  and  Chemical  Composition  of  Beer,^I^or 
should  ho  perfeetly  elear  atid  l>nglil,  llie  presenre  of  any  turbidity 
deuiite^  either  iiiiperfeet  brewing  or  tlie  oeeurreiie*^  of  undesiralile 
dbLMUu position  prtjeesseM;,  The  latter  are  aei'Oitifianied  generally  by  di^ 
agreeable  ^Mhirs.  The  taste  sliould  be  pkiisantlv  bitter  and  inclining  to 
j^wtH^lness  rather  than  to  acidity.  Then'  shctnhl  Ik^  a  snfbcient  amount 
of  earbonic  acid  to  make  a  pleasant  impression  in  the  niontli,  siieh  as  is 
not  pnxlueed  by  Hat  beer.  Tlie  s j>ee ill e  gravity  nuigt^  from  abfait  1.0 05 
to  l.r^20j  averaging  Mow  1J>20.  In  Ixiek  hei^r,  whieh  18  a  hjH*eial 
brttw  cf>utaining  a  tHinsidei'able  inerenst*  in  malt  extn^etives,  the  s|>(H.Mfie 
gravity  is  notal>ly  higlier,  rnnning  as  high  as  IJK']'^),  and  averaging 
mure  than  1.021. 

The  most  inqwataut  constituents  of  Ix'er  are  the  extract  and  ah*oh4il. 
The  extnict  inelndes  all  of  the  non-volatile  matters  in  solution,  and 
tHusists  of  jiroteid  matters,  dextrin,  sngttr.  bt^p  resin,  and  other  std)- 
i^tanees  left  as  a  residue  on  complete  evajMimtiiHK  The  amount  is  vjiri- 
able;  it  is  highest  in  jwrter,  stout,  and  li<iek  beer,  and  lowest  in  the 
light-eolorfnl  lagi^r  betel's.  In  the  former,  it  average.*^  a!>out  7,50,  and 
in  the  latter,  about  rj.fjO  per  cent.  Twenty-*'!glit  specimens  of  Amer- 
i(*au  Ix^ers,  ales,  anrl  jHjrter  eolleeted  in  Washington,  and  analyzed  by 
Mr,  (-\  A-  Cnnui*t<m,'  avemgirKl  5.53  per  cmt. 

The  averagt*  extract  of  182  arnilynes  of  ^jm^imcns  of  beers  of  the 
lighter  kinds,  com  piled  by  Kouig,  is  statetl  at  5.41)  (nuigCj  l.lM-9.23); 
of  211  lager  Ijwn's  of  all  kinds,  at  5. IS  ;  of  50  exjxirt  iK'ei's,  at  6.4J^  : 
and  of  5<>  buck  beers,  at  7.20. 

The  atnonnt  of  tdeohol  is  aW)  variable.  The  s|MM'imens  examined 
by  Cram ]>f oil,  average*!  4J»3  j>er  eent.  by  weight  and  5.79  by  volume. 
The  liglit  bn-rs  above  mentiouetl  (KouIg)  average<l  i^.4*>  |kt  cent,  by 
weight  ;  the  stMstufl  group,  *1.95  ;  the  third,  4.^]!  ;  and  the  fv»u rth,  4.74. 

Adulteration  of  Beer,— R+ht  is  sujijMised  pojndarly  to  be  exten- 
sively a<Inlterated,  ami  the  substances  allegt^l  to  be  in  ctinimou  use 
make  up  a  list  remarkable  for  length  and  variety,  in^'bubng  sneb  poi- 
sonous drugs  as  (jpium,  belladonna,  henbane,  and  strychnine,  many  of 
the  aromatie^  and  aromatic  bittei>i,  e^irnisive  aeids,  di'asttc  e^ithartics, 
and  many  other  substances.  The  actual  achilteration  of  IxiTj  however, 
is  restriet<^Hl  praeOcally  to  the  use  of  preservat!V(\s,  siieh  as  isodium 
fluoride  and  wilieylie  acid,  of  sodium  lucarbonate  to  correet  oeidity 
and  to  incTt^ise  the  **  bead,"  ami  of  t^lt  to  eorreet  bad  taste  and  to 
inspire  thin^t  for  more* 

The  une  i»f  lUTi^rvatives  it?  the  only  form  of  adtdteration  which  is 
of  pmctical  hygienic  imjiortanct^  and  in  sevend  eountrie.s  is  punish- 
able by  heavy  |>enaltie>.  In  (iermany,  jmsi'rva lives  are  iutenlii-ti**! 
very  strietly,  exec*pt  in  Ix^er  intended  for  export  ;  and  the  permission 
^  U.  S.  Department  i>f  Ajsrrit'uloiri',  Oivisjoti  iif  CliuoiiMty,  Biilletin  i:^,  p.  282. 
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IpwiAe 

Percent. 

Per  cent. ' 

Specific 

Per  cent.  1 

Per  cent. 

Specific 

Percent. 

Per  cent. 

alcohol  br  alcohol  br, 
Tolume.      weight. 

K-itJ.*^ 

alcohol  by  alcohol  br 
Tolume.  1   weight,  i 

"ISil"' 

alcohol  by  1  alcohol  bj 
volume.  1  weight. 

»S»b9 

7.50 

6.02 

0.98603 

10.50 

8.45 

0.98273 

13.50 

10.90 

953 

.55 

.06 

597 

.55 

.49 

267 

.55 

.94 

947 

.60 

.10    i 

592 

.60 

.53 

262 

.60 

.98 

940 

.65 

.14 

586 

.65 

.57 

256 

.65 

11.02 

934 

.70 

.18 

580 

.70 

.61 

251 

.70 

.06 

928 

.75 

.22    i 

575 

.75 

.65 

246 

.75 

.11 

922 

.80 

.26 

569 

.80 

.70 

240 

.80 

.15 

916 

.85 

.30 

563 

.85 

.74 

235 

.85 

.19 

909 

.90 

.34 

557 

.90 

.78 

230 

.90 

.23 

903 

.95 

.38 

552 

.95 

.82 

224 

.95 

.27 

JB897 

8.00 

a42 

.98546 

11.00 

8.86 

.98219 

1400 

11.31 

891 

.05 

.46 

540 

.05 

.90 

214 

.05 

.35 

885 

.10 

.50 

535 

.10 

.94 

200 

.10 

.39 

879 

.15 

.54 

529 

.15 

.98 

203 

.16 

.43 

873 

.20 

.58 

524 

.20 

9.02 

198 

.20 

.47 

867 

.25 

.62 

518 

.25 

.07 

193 

.25 

.52 

861 

.30 

.67 

513 

.30 

.11 

188 

.30 

.56 

855 

.35 

.71 

507 

.35 

.15 

182 

.35 

.60 

849 

.40 

.75 

502 

.40 

.19 

177 

.40 

.64 

848 

.45 

.79 

496 

.45 

.23 

172 

.45 

.68 

M37 

8.50 

6.83 

.98491 

11.50 

9.27 

.98167 

1450 

11.72 

831 

.55 

.87 

485 

.55 

.31 

161 

.55 

.76 

826 

.60 

.91 

479 

.60 

.35 

156 

.60 

.80 

819 

.65 

.95 

474 

.65 

.39 

151 

.65 

.84 

813 

.70 

.99 

468 

.70 

.43 

146 

.70 

.88 

807 

.75 

7.03 

463 

.75 

.47 

140 

.76 

.93 

801 

.80 

.m 

457 

.80 

.51 

135 

.80 

.97 

795 

.85 

.11 

452 

.85 

.55 

130 

.85 

12.01    . 

789 

.90 

.15 

446 

.90 

.59 

125 

.90 

.05 

783 

.95 

.19 

441 

.95 

.63 

119 

.95 

.09 

»777 

9.00 

7.23 

.98435 

12.00 

9.67    ' 

.98114 

15.00 

12.13 

771 

.05 

.27 

430 

.05 

.71 

108 

.05 

.17 

765 

.10 

.31 

424 

.10 

.76 

104 

.10 

.21 

759 

J5 

.35 

419 

.15 

.79 

099 

.15 

.25 

754 

.20 

.39 

413 

.20 

.83 

093 

.20 

.29 

748 

.25 

.43 

408 

.25 

.87 

088 

.25 

.33 

742 

.30 

.48 

402 

.30 

.92 

083 

.30 

.38 

786 

.35 

.52    1 

397 

.35 

.96 

078 

.35 

.42 

780 

.40 

.56  ; 

391 

.40 

10.00 

073 

.40 

.46 

724 

.45 

.60    I 

386 

.45 

.04 

068 

.45 

.50 

eB719 

9.50 

7.64 

.98381 

12.50 

10.08 

.98063 

15.50 

12.54 

718 

M 

.68 

375 

.55 

.12 

057 

.55 

.58 

707 

.60 

.72 

370 

.60 

.16 

062 

.60 

.62 

701 

.65 

.76 

364 

.65 

.20 

047 

.65 

.66 

605 

.70 

.80 

359 

.70 

.24 

042 

.70 

.70 

689 

.75 

.84 

353 

.75 

.28 

037 

.75 

.75 

683 

.80 

.88 

348 

.80 

.33 

1         932 

.80 

.79 

678 

.85 

.92 

342 

.85 

.37 

026 

.85 

.83 

672 

.90 

.96 

337 

.90 

.41 

021 

.90 

.87 

666 

.95 

8.00 

331 

.95 

.45 

016 

.95 

.91 

^f%60 

10.00 

8.04 

.98326 

13.00 

10.49 

.98011 

16.00 

12.95 

654 

.05 

.08 

321 

.05 

.53 

005 

.05 

.99 

649 

.10 

'      .12 

315 

.10 

.57 

001 

.10 

13.03 

643 

.15 

.16 

310 

.15 

.61 

97996 

.15 

.08 

687 

.20 

.20 

305 

.20 

.65 

991 

.20 

.12 

632 

.25 

.24 

299 

.25 

.69 

986 

.25 

.16 

626 

.30 

.29 

2\H 

.30 

.74 

;          980 

.30 

.20 

620 

.35 

.33 

289 

.35 

.78 

975 

.35 

.24 

614 

.40 

.37 

283 

.40 

.82 

970 

.40 

.29 

^  «w 

.45 

.41 

278 

.45 

.86 

9r)5 

.45 

.33 
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FOODS. 


TABLES    SHOWING    PERCENTAGE    OF   ALCOHOL   BY  WEIGHT    AND 

BY  VOLUME. 

{BeealetdcUed  fi'om  the  deiei'min4ili<ms  of  QUpin^  DrinkwateTf  arid  Squibb, 
by  Edgar  Ridiards.) 


Specific 

Per  cent. 

1 
Per  cent  1 

Specific 

Per  cent. 

Per  cent. 

Specific 

Per  cent. 

Peroent 

'IS^k^' 

alcohol  by  alcohol  by 
volume.  1  weight. 

0.00     1     0.00    1 

0.99629 

alcohol  by 
Tolume. 

2.50 

alcohol  by 
weight. 

^-it^/t 

alcohol  by  alcohol  by 
Tolume.  1   weight. 

1.00000 

1.99 

0.99281 

6.00 

4.00 

0.99992 

.05 

.04 

622 

.55 

2.03 

274 

.06 

.04 

984 

.10 

.08 

615 

.60 

.07 

268 

.10 

.08 

976 

.15 

.12 

607 

.65 

.11 

261 

.15 

.12 

968 

.20 

.16 

600 

.70 

.15 

266 

.20 

.16 

961 

.25 

.20 

593 

.75 

.19 

248 

.25 

.20 

953 

.30 

.24 

686 

.80 

.23 

241 

.80 

.24 

945 

.35 

.28 

679 

.85 

.27 

235 

.35 

.28 

937 

.40 

.32 

571 

.90 

.31 

228 

.40 

.32 

930 

.45 

.36 

564 

.95 

.36 

222 

.46 

.36 

.99923 

0.50 

0.40 

.99567 

3.00 

2.39 

.99216 

6.60 

4.40 

915 

.55 

.44 

660 

.06 

.43 

206 

.66 

.44 

907 

.60 

.48 

543 

.10 

.47 

202 

.60 

.48 

900 

.65 

.52 

636 

.16 

.61 

196 

.66 

.62 

892 

.70 

.56 

629 

.20 

.66 

189 

.70 

.66 

884 

.75 

.60 

522 

.25 

.69 

182 

.76 

.60 

877 

.80 

.64 

616 

.30 

.64 

176 

.80 

.64 

869 

.85 

.67 

608 

.85 

.68 

169 

.86 

.68 

861 

.90 

.71 

501 

.40 

.72 

162 

.90 

.72 

854 

.95 

.75 

494 

.46 

.76 

166 

.96 

.76 

.99849 

1.00 

0.79 

.99487 

3.60 

2.80 

.99149 

6.00 

4.80 

842 

.05 

.83 

480 

.56 

.84 

143 

.05 

.84 

834 

.10 

.87 

473 

.60 

.88 

136 

.10 

.88 

827 

.15 

.91 

466 

.65 

.92 

130 

.15 

.92 

819 

.20 

.95 

459 

.70 

.96 

123 

.20 

.96 

812 

.25 

.99 

452 

.75 

aoo 

117 

.25 

6.00 

805 

.30 

1.03 

445 

.80 

.04 

111 

.30 

.06 

797 

.36 

.07 

438 

.85 

.08 

104 

.35 

.09 

790 

.40 

.11 

431 

.90 

.12 

098 

.40 

.13 

782 

.45 

.16 

424 

.95 

.16 

091 

.46 

.17 

.99775 

1.50 

1.19 

.99417 

4.00 

3.20 

1     .99085 

6.60 

5.21 

768 

.55 

.23 

410 

.05 

.24 

1         079 

.66 

.25 

760 

.60 

.27     1 

403 

.10 

.28 

1         072 

.60 

.29 

753 

.65 

.31 

397 

.15 

.32 

066 

.66 

.33 

745 

.70 

.35 

390 

.20 

.36 

059 

.70 

.37 

738 

.75 

.39 

383 

.25 

.40 

053 

.76 

.41 

731 

.80 

.43    1 

376 

.30 

.44 

047 

.80 

.46 

723 

.85 

.47    ; 

1         369 

.35 

.48 

040 

.86 

.49 

716 

.90 

.51     . 

■         363 

.40 

.52     1 

1         034 

.90 

.63 

708 

.95 

.55    1 

356 

.45 

.56 

027 

.96 

.67 

.99701 

2.00 

1.59    1 

.99349 

4.50 

3.60    ! 

'     .99021 

7.00 

6.61 

694 

.05 

.63    i 

342 

.5.5 

.64     1 

015 

.05 

.66 

687 

.10 

.67 

335 

.60 

.68     1 

009 

.10 

.69 

679 

.15 

.71 

329 

.65 

.72    1 

002 

.16 

.73 

672 

.20 

.75     ' 

322 

.70 

.76     ' 

;     .98996 

.20 

.77 

665 

.25 

.79 

315 

.75 

.80     1 

1         990 

.25 

.81 

658 

.30 

.83 

308 

.80 

.84     ! 

,         984 

.30 

.86 

651 

.35 

.87 

301 

.85 

.88     1 

978 

.36 

.90 

643 

.40 

.91 

295 

.90 

.92     ' 

971 

.40 

.94 

636 

.45 

.95 

288 

.95 

.96     ' 

965 

.45 

.98 
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Specific 

Per  cent. 

Per  cent. ' 

Specific 

Percent. 

Percent. 

I     tSpeclflo 

Percent. 

Per  cent. 

'^i*^ 

alcohol  br  alcohol  br 
Tolume.      weight. 

1^%-' 

alcohol  by 
volume. 

alcohol  br 
weighty 

"ISiV 

'alcohol  by 
volume. 

alcohol  by 
weight. 

O.»89o9~ 

7.50 

6.02 

0.98'603 

10.50 

"8.45      : 

0.98273 

13.50 

10.90 

95S 

.55 

.06 

597 

.55 

.49    1 

!         267 

.55 

.94 

947 

.60 

.10    . 

1         592 

.60 

.53 

i         262 

.60 

.98 

940 

.65 

.14 

586 

.65 

.57 

1         256 

.65 

11.02 

934 

.70 

.18 

580 

.70 

.61 

1         251 

.70 

.06 

928 

.75 

.22 

575 

.75 

.65 

246 

.75 

.11 

922 

.80 

.26 

569 

.80 

.70 

240 

.80 

.15 

916 

.85 

.30 

563 

.85 

.74 

235 

.85 

.19 

909 

.90 

.34 

557 

.90 

.78 

230 

.90 

.23 

903 

.95 

.38 

552 

.95 

.82 

224 

.95 

.27 

.98897 

8.00 

a42 

.98546 

11.00 

8.86 

.98219 

1400 

11.31 

891 

.05 

.46 

540 

.05 

.90    ' 

214 

.05 

.35 

885 

.10 

.50 

535 

.10 

.94 

200 

.10 

.39 

879 

.15 

.54 

529 

.15 

.98 

203 

.15 

.43 

873 

.20 

.58 

524 

.20 

9.02 

198 

.20 

.47 

867 

.25 

.62 

518 

.25 

.07 

193 

.25 

.52 

861 

.30 

.67     1 

513 

.30 

.11 

188 

.30 

.56 

855 

M 

.71     1 

507 

.35 

.15 

182 

.35 

.60 

849 

.40 

.75 

502 

.40 

.19 

177 

.40 

.64 

843 

.45 

.79 

496 

.46 

.23 

172 

.45 

.68 

.98837 

8.50 

6.83 

.98491 

11.50 

9.27 

.98167 

1450 

11.72 

831 

.55 

.87 

485 

.55 

.31 

161 

.55 

.76 

825 

.60 

.91 

479 

.60 

.35 

156 

.60 

.80 

819 

.65 

.95 

474 

.65 

.39 

151 

.65 

.84 

813 

.70 

.99 

468 

.70 

.43 

146 

.70 

.88 

807 

.75 

7.03 

463 

.76 

.47 

140 

.75 

.93 

801 

.80 

.07    ! 

457 

.80 

.51 

135 

.80 

.97 

795 

.85 

.11     ' 

452 

.85 

.65 

130 

.85 

12.01    . 

789 

.90 

.15 

446 

.90 

.59 

125 

.90 

.05 

78:^ 

.95 

.19 

441 

.95 

.63 

119 

.95 

.09 

.98777 

9.00 

7.23 

.98435 

12.00 

9.67 

.98114 

15.00 

12.13 

771 

.05 

.27 

430 

.05 

.71 

108 

.05 

.17 

765 

.10 

.31 

424 

.10 

.75 

104 

.10 

.21 

759 

J5 

.a')    1 

419 

.15 

.79 

099 

.15 

.25 

754 

.20 

.39 

413 

.20 

.83 

093 

.20 

.29 

748 

.25 

.43 

408 

.25 

.87 

088 

.25 

.33 

742 

.30 

.48 

402 

.30 

.92 

083 

..30 

.38 

736 

.35 

.52    i 

397 

.35 

.96    i 

078 

.35 

.42 

730 

.40 

.56 

391 

.40 

10.00    ; 

073 

.40 

.46 

724 

.45 

.60 

386 

.45 

.04    1 

068 

.46 

.50 

.98719 

9.50 

7.64 

.98381 

12.50 

10.08 

.98063 

15.50 

12.54 

713 

.55 

.68 

375 

.55 

.12 

057 

.55 

.58 

707 

.60 

.72 

370 

.60 

.16 

052 

.60 

.62 

701 

.65 

.76 

364 

.65 

.20 

047 

.65 

.66 

695 

.70 

.80 

359 

.70 

.24 

042 

.70 

.70 

689 

.75 

.84 

353 

.75 

.28 

037 

.75 

.75 

683 

.80 

.88 

348 

.80 

.33 

932 

.80 

.79 

678 

.85 

.92 

342 

.85 

.37 

026 

.85 

.83 

672 

.90 

.96 

337 

.90 

.41 

021 

.90 

.87 

666 

.95 

8.00 

331 

.95 

.45 

016 

.95 

.91 

.98660 

10.00 

8.04 

.98326 

13.00 

10.49 

.98011 

16.00 

12.95 

654 

.05 

.08 

321 

.ai 

.53 

005 

.05 

.99 

649 

.10 

.12 

315 

.10 

.57 

001 

.10 

13.a3 

643 

.15 

.1« 

310 

.15 

.61 

97996 

.16 

.08 

637 

.20 

.20 

305 

.20 

.65 

901 

.20 

.12 

632 

.25 

.24 

299 

.25 

.69 

986 

.25 

.16 

626 

.30 

.29 

1         21M 

.30 

.74 

980 

.30 

.20 

620 

.35 

.33 

'         289 

.35 

.78    , 

975 

.35 

.24 

614 

.40 

.37     . 

283 

.40 

.82 

970 

.40 

.29 

609 

.45 

.41     i 

278 

.45 

.86    , 

9r>5 

.45 

.33 
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FOODS. 


Specific 

Per  cent 

Per  cent.  ■ 

'     Specific 

Per  cent. 

Ptoroent. 

!    Specific 

Per  cent. 

Vttem. 

«^%^ 

alcohol  bylaloohol  by 
Tolume.  1   weight.  | 

34.50       28.52 

0.95660 

alcohol  by  alcohol  by 
volume,     weight. 

i*^¥.*' 

alcohol  bj 
1  ▼Glume. 

40.50 

akeMto 

0.95977 

37.50 

31.14 

1  0.96107 
099 

8S.79 

970 

.55 

.56     1 

562 

.56 

.18 

.65 

M 

963 

.60 

.61     1 

645 

.60 

.23 

091 

.60 

M 

957 

.65 

.65 

538 

.66 

.27 

083 

.       .66 

M 

950 

.70 

.70 

531 

.70 

.32 

076 

.70 

Si 

943 

.75 

.74 

523 

.75 

.36 

067 

.76 

34.02 

937 

.80 

.78 

616 

.80 

.40 

069 

.80 

.06 

930 

.85 

.83 

609 

.86 

.46 

062 

.86 

.11 

923 

.90 

.87 

602 

.90 

.49 

044 

.90 

!     .15 

917 

.95 

.92 

494 

.96 

.64 

036 

.96 

!     .20 

.96910 

35.00 

28.96 

.96487 

38.00 

31.68 

.96023 

41.00 

3iS4 

903 

.05 

29.00 

480 

.06 

.63 

020 

.05 

'      .28 

896 

.10 

.06 

472 

.10 

.67 

012 

.10 

.33 

889 

.15 

.09 

466 

.16 

.72 

004 

.16 

.87 

883 

.20 

.13 

467 

.20 

.76 

.94996 

.20 

M 

876 

.25 

.18 

460 

.26 

.81 

988 

.26 

:    M 

869 

.30 

.22 

442 

.30 

.86 

980 

J30 

.      ^ 

862 

.36 

.26 

436 

.36 

.90 

972 

.36 

<      .55 

855 

.40 

.30 

427 

.40 

.94 

964 

.40 

.59 

848 

.46 

.35 

420 

.46 

.99 

956 

.45 

.64 

.95842 

36.60 

29.39 

.96413 

38.60 

32.03 

.94948 

41.60 

34.68 

835 

.55 

.43 

406 

.66 

.07 

940 

.66 

.73 

828 

.60 

.48 

898 

.60 

.12 

932 

.60 

1     -^ 

821 

.65 

.52 

390 

.66 

.16 

924 

.66 

1     JSl 

814 

.70 

.57 

383 

.70 

.20 

916 

.70 

M 

807 

.76 

.61 

376 

.75 

.26 

908 

.76 

.91 

800 

.80 

.65 

368 

.80 

.29 

900 

.80 

.96 

794 

.85 

.70 

360 

.85 

.33 

892 

.86 

35.00 

787 

.90 

.74 

353 

.90 

.37 

884 

.90 

M 

780 

.95 

.79 

345 

.96 

.42 

876 

.96 

.09 

.95773 

36.00 

29.83 

.95338 

39.00 

32.46 

.94868 

42.00 

85.13 

766 

.05 

.87 

330 

.06 

.60 

860 

.06 

.18 

759 

.10 

.92 

323 

.10 

.66 

862 

.10 

.» 

752 

.15 

.96 

1         316 

.15 

.59 

848 

.16 

SI 

745 

.20 

30.00     1 

1         307 

.20 

.64 

836 

.20 

M 

738 

.25 

.05    1 

1         300 

.25 

.68 

827 

.25 

M 

731 

.30 

.09     1 

I         292 

.30 

.72 

820 

.30 

.40 

724 

.35 

.13    ' 

1          284 

.:« 

.77 

811 

.36 

.45 

717 

.40 

.17     I 

277 

.40 

.81 

802 

.40 

.49 

710 

.45 

.22     1 

269 

.46 

.86 

794 

.46 

.54 

.96703 

36.50 

30.26    I 

.95262 

39.50 

32.90 

.94786 

42.60 

H 

695 

.55 

.30    1 

1          254 

.55 

.96 

778 

.65 

.63 

688 

.60 

.35 

246 

.60 

.99 

770 

.60 

.6? 

681 

.65 

.39 

!         239 

.65 

33.04 

761 

.66 

.7^ 
.76 

i 

674 

.70 

.44    1 

1         231 

.70 

.08 

763 

.70 

667 

.75 

.48     , 

'         223 

.75 

.13 

746 

.76 

660 

.80 

.52 

216 

.80 

.17 

737 

.80 

653 

.85 

.57 

208 

.85 

.22 

729 

.86 

646 

.90 

.61     , 

200 

.90 

.27 

720 

.90 

639 

.95 

.66     , 

193 

.95 

.31 

712 

.95 

.95032 

37.00 

30.70 

.95185 

40.00 

33.35 

.94704 

43.00 

36.0^ 

r,2o 

.05 

.74 

177 

.05 

.39 

696 

.05 

.(0 

618 

.10 

.79 

169 

.10 

.44 

687 

.10 

.1^ 

610 

.15 

.83 

161 

.15  ; 

.48 

679 

.16 

.17 

608 

.20 

.88 

154 

.20 

.53 

670 

.20 

.21 

596 

.25 

.92 

146 

.2.1 

.57 

662 

.25 

.23 

589 

.30 

.9*» 

138 

.30 

.61 

654 

.30 

,      .80 

581 

.35 

31.01 

130 

.35 

.66 

'         646 

.35 

'      .35 

574 

.40 

.0.") 

122 

.40 

.70 

637 

.40 

1      .39 

567 

.45 

.10 

lU 

.45 

.75     1 

628 

.46 

.44 
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Percent. 

Percent. 

Specific 

Per  cent. 

Per  cent.  1 

Specific 

Per  cent. 

Per  cent 

•looholby 
volume. 

alcohol  b  J 
weight. 

tP-i^ft 

alcohol  bj  alcohol  by, 
Tolume.  ;   wei^^ht. 

*^'r' 

alcohol  bj 
volume. 

alcohol  bj 
weight 

43.50 

36.48 

0.94188 

46.00 

38.75 

0.93824 

48.00 

40.60 

.55 

.53 

179 

.05 

.80 

815 

.05 

.65 

.60 

.57 

170 

.10 

.84 

805 

.10 

.69 

.(55 

.62 

161 

.15 

.89 

796 

.15 

.74 

.70 

.66 

152 

.20 

.93 

786 

.20 

.78 

.76 

.71 

143 

.25 

.98 

777 

.25 

.83 

.80 

.76 

134 

.30 

39.03 

768 

.30 

.88 

.85 

.80 

125 

.35 

.07 

758 

.36 

.92 

.90 

.84 

116 

.40 

.12 

749 

M 

.97 

.95 

.89 

107 

.45 

.16 

739 

.46 

41.01 

44.00 

36.93 

.94098 

46.50 

39.21 

.93730 

48.60 

41.06 

.05 

.98 

089 

.55 

.26 

721 

.56 

.11 

.10 

37.02 

080 

.60 

.30 

711 

.60 

.16 

.15 

.07 

071 

.65 

.35 

702 

.65 

.20 

.20 

.11 

062 

.70 

.39 

692 

.70 

.24 

.25 

.16 

053 

.75 

.44 

683 

.76 

.29 

.30 

.21 

044 

.80 

.49 

679 

.80 

.34 

.35 

.25 

035 

.85 

.53 

664 

.86 

.38 

.40 

.30 

026 

.90 

.58 

655 

.90 

.43 

.45 

.34 

017 

.95 

.62 

645 

.95 

.47 

44.50 

37.39 

.94008 

47.00 

39.67 

.93636 

49.00 

41.62 

.55 

.44 

.93999 

.05 

.72 

626 

.05 

.57 

.60 

.48 

990 

.10 

.76 

617 

.10 

.61 

.65 

.53 

980 

.15 

.81 

607 

.16 

.66 

.70 

.57 

971 

.20 

.86 

698 

.20 

.71 

.75 

.62 

962 

.25 

.90 

688 

.26 

.76 

.80 

.66    i 

953 

.30 

.96 

678 

.30 

.80 

.85 

.71 

944 

.35 

.99 

569 

.35 

.85 

.90 

.76 

934 

.40 

40.04 

559 

.40 

.90 

.95 

.80 

925 

.45 

.08 

650 

.45 

.94 

45.00 

37.84 

.93916 

47.50 

40.13 

.93540 

49.50 

41.99 

.05 

.89 

906 

.55 

.18 

530 

.66 

42.04 

.10 

.93 

898 

.60 

.22 

621 

.60 

.08 

.15 

.98 

888 

.65 

.27 

611 

.66 

.13 

.20 

38.02 

879 

.70 

.32 

502 

.70 

.18 

.25 

.07 

870 

.75 

.37 

492 

.76 

.23 

.30 

.12 

861 

.80 

.41 

482 

.80 

.27 

.35 

.16 

852 

.85 

.46 

473 

.85 

.32 

.40 

.21 

842 

.90 

.51 

463 

.90 

.37 

.45 

.25 

833 

.95 

.55 

454 

.95 

.41 

45.50 

38.30 

.55 

.35 

.60 

.39 

.65 

.44 

.70 

.48 

.75 

.53 

.80 

.57 

.85 

.62 

.90 

.66 

I      .95 

.71 

mination  of  Extract. — The  extract  may  Iw  detennined  di- 
',  with  the  aid  of  a  table,  from  the  specific  gravity  of  the  de- 
ed beer.  The  direct  method  is  the  more  accurate,  and  is  curried 
bllows :  Into  an  accunitely  weightnl  platinum*  dish,  such  as  is 
the  analysis  of  milk,  weigh  o  grams  of  beer ;  evaj)orate  to  com- 
mesHy  and  multiply  the  weight  of  the  residue  by  20. 
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FOODS. 


Specific 

Percent. 

Pter  cent. ' 

1     Specific 

Per  cent 

Per  cent ' 

'     Specific 

Per  cent. 

Per  cent 

^^'V' 

alcohol  by'ftlcohol  by 
Tolume.  1   weight.  , 

34.50       28.52 

.l^tj-t 
0.95560 

alcohul  by  tlcohol  by, 
Tolume.      weight. 

37.50     .  31.14     ! 

0.95107 

•loohol  by  alcohol  by 
Tolume.      weight 

0.95977~ 

40.50 

33.79 

970 

.55 

.56     1 

552 

.55 

.18     i 

099 

.55 

.84 

963 

.60 

.61 

545 

.60 

.23 

091 

.60 

.88 

957 

.65 

.65 

538 

.65 

.27 

083 

.65 

.93 

950 

.70 

.70 

531 

.70 

.32 

075 

.70 

.97 

943 

.75 

.74 

523 

.75 

.36 

067 

.75 

34.02 

937 

.80 

.78 

516 

.80 

.40 

059 

.80 

.06 

930 

.85 

.83 

509 

.85 

.45 

052 

.85 

.11 

923 

.90 

.87 

502 

.90 

.49 

044 

.90 

.15 

917 

.95 

M 

494 

.95 

.54 

036 

.96 

.20 

.95910 

35.00 

28.96 

.95487 

38.00 

31.58 

.96028 

41.00 

34.24 

903 

.05 

29.00 

480 

.05 

.63 

020 

.05 

.28 

896 

.10 

.05 

472 

.10 

.67 

012 

.10 

.33 

889 

.15 

.09 

465 

.15 

.72 

004 

.15 

.37 

883 

.20 

.13 

457 

.20 

.76 

.94996 

.20 

.42 

876 

.25 

.18 

450 

.25 

.81 

988 

.25 

.46 

869 

.30 

.22 

442 

.30 

.85 

980 

.30 

.60 

862 

.35 

.26 

435 

.35 

.90 

972 

.36 

.66 

855 

.40 

.30 

427 

.40 

.94 

964 

.40 

.59 

848 

.45 

.35 

420 

.45 

.99 

956 

.45 

.64 

.95842 

35.50 

29.39 

.95413 

38.50 

32.03 

.94948 

41.60 

34.68 

835 

.55 

.43 

405 
<         398 

.55 

.07 

940 

.66 

.73 

828 

.60 

.4« 

.60 

.12 

932 

.60 

.77 

821 

.65 

.52    , 

390 

.65 

.16 

924 

.66 

.82 

814 

.70 

.57    1 

383 

.70 

.20 

916 

.70 

.86 

807 

.75 

.61 

375 

.75 

.25 

908 

.76 

.91 

800 

.80 

.65 

368 

.80 

.29 

900 

.80 

.95 

794 

.85 

.70 

360 

.85 

.33 

892 

.86 

36.00 

787 

.90 

.74 

353 

.90 

.37 

884 

.90 

.04 

780 

.95 

.79 

345 

.95 

.42 

876 

.95 

.09 

•95773 

36.00 

29.83 

1    .95338 

39.00 

32.46 

.94868 

42.00 

36.13 

766 

.05 

.87 

;         330 

.05 

.50 

860 

.05 

.18 

759 

.10 

.92 

1         323 

.10 

.55 

852 

.10 

.22 

752 

.15 

.96 

315 

.15 

.59 

843 

.15 

.27 

745 

.20 

30.00 

1         307 

.20 

.64 

835 

.20 

.31 

738 

.25 

.05 

1         300 
1         292 

.25 

.68 

827 

.25 

.36 

731 

.30 

.09 

.30 

.72 

820 

.30 

.40 

724 

.35 

.13 

1         284 

.35 

.77 

>         811 

.36 

.46 

717 

.40 

.17    > 

277 

.40 

.81 

802 

.40 

.49 

710 

.45 

.22 

269 

.45 

.86 

794 

.46 

.54 

.96703 

36.50 

30.26 

.95262 

39.50 

32.90 

.94786 

42.60 

35.58 

695 

.55 

.30 

254 

.55 

.95 

778 

.65 

.63 

688 

.60 

.35 

1         246 

.60 

.99 

770 

.60 

.67 

681 

.65 

.39 

239 

.65 

33.04 

761 

.65 

.72 

674 

'      .70 

.44 

231 

.70 

.08 

753 

.70 

.76 

667 

.75 

.48 

223 

.75 

.13 

745 

.76 

.81 

660 

.80 

.52 

216 

.80 

.17 

!         737 

.80 

.85 

653 

.85 

.57 

1          208 

.a^i 

.22 

729 

.86 

.90 

646 

.90 

.61     ' 

200 

.90 

.27 

720 

.90 

.94 

639 

.95 

.66 

193 

.95 

.31 

712 

.95 

.99 

-»632 
61S 
«^ 

37.00 

30.70 

.95185 

40.00 

33.35     1 

.94704 

43.00 

36.03 

.05 
.10 

.74    i 
.79 

177 
1(;9 

.05 
.10 

.39     1 
.44     , 

'         696 

1         687 

.05 
.10 

.08 
.12 

.15 

.83 

i(;i 

.15 

.4H     ' 

679 

.16 

.17 

.20 

.88    ! 

154 

.20 

.:>3 

670 

.20 

.21 

.3.*S 

.92 

14r> 

.2o 

.57 

6(}2 

.25 

.23 

.») 

.96 

18^ 

:m) 

.♦>1 

654 

.30 

.30 

.$5 

31.01 

i;jo 

..v> 

.<)♦) 

tJ45 

.35 

.35 

40 

.05 

122 

.40 

.70 

637 

.40 

.39 

.45 

.10    . 

UA 

.4.') 

.75 

(128 

.45 

.44 
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Bpwlfle 

PU'oent. 

Per  cent. ! 

Specific 

Per  cent.  I 

Per  cent. 

alcohol  by 

weight.  ■ 

Specific 

Per  cent. 

Per  cent. 

Alcohol  by  ftlcoholbf 
Tolume.      weight 

^^%'' 

•Icohol  by 
Tolume. 

^^'V 

•Icohol  by 
Tolume. 

alcohol  by 
weight. 

LM620 

4a50 

36.48 

0.94188 

46.00 

38.75 

0.93824 

48.00 

40.60 

612 

.55 

.53 

179 

.05 

.80 

815 

.05 

.65 

603 

.60 

.57 

170 

.10 

.84 

805 

.10 

.69 

595 

.65 

.62 

161 

.15 

.89 

796 

.15 

.74 

586 

.70 

.66 

152 

.20 

.93 

786 

.20 

.78 

678 

.75 

.71 

143 

.25 

.98 

777 

.25 

.83 

570 

.80 

.75 

134 

.30 

39.03 

768 

.30 

.88 

561 

.85 

.80 

125 

.35 

.07 

758 

.35 

.92 

553 

.90 

.84 

116 

.40 

.12 

749 

^0 

.97 

544 

.95 

.89 

107 

.45 

.16 

739 

.45 

41.01 

.94536 

44.00 

36.93 

.94098 

46.50 

39.21 

.93730 

48.50 

41.06 

527 

.05 

.98 

089 

.55 

.26 

721 

.55 

.11 

519 

.10 

87.02 

080 

.60 

.30 

711 

.60 

.15 

510 

.15 

.07 

071 

.65 

.35 

702 

.65 

.20 

502 

.20 

.11 

062 

.70 

.39 

692 

.70 

.24 

493 

.25 

.16 

053 

.75 

.44 

683 

.75 

.29 

484 

.30 

.21 

044 

.80 

.49 

679 

.80 

.34 

476 

.35 

.25 

035 

.85 

.53 

664 

.85 

.38 

467 

.40 

.30 

026 

.90 

.58 

655 

.90 

.43 

459 

.45 

.34 

017 

.95 

.62 

645 

.95 

.47 

M450 

44.50 

37.39    ; 

.94008 

47.00 

39.67 

.93636 

49.00 

41.52 

441 

.55 

.44    , 

.93999 

.05 

.72 

626 

.05 

.57 

433 

.60 

.48 

990 

.10 

.76 

617 

.10 

.61 

424 

.65 

.53 

980 

.15 

.81 

607 

.15 

.66 

416 

.70 

.57 

971 

.20 

.85 

598 

.20 

.71 

407 

.75 

.62 

962 

.25 

.90 

588 

.25 

.76 

398 

.80 

.66 

953 

.30 

.95 

578 

.30 

.80 

390 

.85 

.71 

944 

.35 

.99 

569 

.35 

.85 

381 

.90 

.76             ; 

934 

.40 

40.04 

559 

.40 

.90 

378 

.95 

.80 

925 

.45 

.08 

550 

.45 

.94 

.94364 

45.00 

37.84 

.93916 

47.50 

40.13 

.93540 

49.50 

41.99 

355 

.05 

.89 

906 

.55 

.18 

530 

.55 

42.04 

346 

.10 

.93 

898 

.60 

.22 

521 

.60 

.08 

338 

.15 

.98 

888 

.65 

.27 

511 

.65 

.13 

329 

.20 

38.02 

879 

.70 

.32 

502 

.70 

.18 

320 

.25 

.07 

870 

.75 

.37 

492 

.75 

.23 

311 

.30 

.12 

861 

.80 

.41 

482 

.80 

.27 

302 

.35 

.16 

852 

.85 

.46 

473 

.85 

.32 

294 

.40 

.21 

842 

.90 

.51 

463 

.90 

.37 

285 

.45 

.25 

833 

.95 

.55 

454 

.95 

.41 

-94276 

45.50 

38.30 

267 

.55 

.35 

258 

.60 

.39 

250 

.65 

.44 

241 

.70 

.48 

232 

.75 

.53 

223 

.80 

.57 

214 

.85 

.62 

206 

.90 

.66 

197 

.95 

.71 

Determination  of  Extract. — ^The  extmct  may  h(>  (letcnnined  di- 
<2tly  or,  with  the  aid  of  a  table,  from  the  specific  gravity  of  the  de- 
<X>bolized  beer.  The  direct  method  is  the  more  accurate,  and  is  C4irrie<l 
^t  as  follows :  Into  an  accurately  wei^h(Hl  ])latinum'  dish,  such  as  is 
*€d  in  the  analysis  of  milk,  weigh  5  grams  of  hcer ;  cva])orate  to  com- 
pete dryness,  and  multiply  the  weight  of  the  residue  by  20. 
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Approximately  a<T!inite  results  an?  obtaliic4l  W  reference  to  the  fol- 
lowing t:al>k%  ititer  Sflrult/e-(  )sterjiKum  : 


BKKK 

EXTRACT    r.\BLE 

gravity. 

0 

1     1 

2 

s 

4 

i 

« 

7 

i 

f 

IMl 

2.87 

2.90 

2.92 

2.95 

2.97 

3.00 

3.0S 

3.06 

3.08 

3.11 

2 

ai3 

3J6 

3.18 

3.21 

3.24 

3.26 

a29 

3.31 

3,34 

3.37 

a 

3.39 

3.42 

3,44 

3.47 

3.49 

3.52 

3.65 

3.57 

3.60 

3.62 

4 

3.a^ 

3.67 

3.70 

3.73 

3.75 

3.78 

3,80 

3.83 

3.86 

3.88 

5 

3.91 

3.93 

3.96 

3.98 

4.01 

4.04 

4.06 

4.09 

4.11 

4.14 

e 

4J6 

4.19 

4.21 

4.24 

4.27 

4.29 

432 

4.34 

4,37 

4.39 

7 

4.42 

4.44 

4.47 

4.50 

4.52 

4.55 

4.57 

4.60 

4.62 

4.65 

8 

4.G7 

4.70 

4.73 

4.75 

4.78 

4.80 

4.83 

4.85 

4.88 

4.90 

9 

4.93 

4.96 

4.98 

5.01 

5.03 

6.06 

5.08 

5.11 

5.13 

6.16k 

1.020 

5.19 

5.21 

5.24 

6.26 

5.29 

5.31 

5.34 

5.36 

5.39 

5.41 

1 

6.44 

5.47 

5.49 

5.52 

5.54 

5.57 

5.69 

5.62 

5.64 

5.67 

2 

5.69 

5.72 

5.74 

5.77 

5.80 

5.82 

5.85 

5.87 

5.90 

5.92 

3 

5.95 

5.97 

6.00 

6.02 

6.05 

6.08 

i  6.10 

6.13 

6.15 

1  6.18 

i 

6.20 

6.2:i 

6.25 

6.28 

6.30 

6.33 

6.35 

6.38 

6.40 

6.43. 

S 

6.45 

6.48 

6.50 

6.53 

6.55 

6.58 

;  6.61 

6.63 

6.66 

6.68 

e 

6.71 

6.73 

6.76 

6.78 

6.81 

6.S3 

6,86 

6.88 

6.91 

6.93 

7 

6iM5 

6.98 

7.01 

7.03 

7.06 

7.0K 

7.11 

7.13 

7,16 

7.18 

8 

7/21 

7.24 

7.26 

7.29 

7.31 

7.34 

7.36 

7.39 

7.41 

7.44 

9 

7.46 

7.49 

7.51 

7.54 

7.56 

7.59 

7.61 

7.64 

7.66 

7.69' 

1.080 

7,71 

7.74 

7.76 

7.79 

7.81 

7.84 

'  7.86 

7.89 

*  7.91 

7.1»4 

1 

7.99 

U.01 

8.04 

<  8.06 

1  8.09 

8.11 

K14 

8.16 

8.19 

8.21 

The  fitriirt-.^  {it  tlie  hearl  <»f  the  .'^eve^nil  r'dliimns  n^preseiit  the  fimrth 
decimal  phiee  of  the  specitie  ^mvity.  Example :  SjKeific  gnivit}% 
1.0187  ;  referring  to  L018  in  the  left-hand  eoliiain  and  running  out 
tn  the  column  heaths]  hv  the  figure  7,  we  fm<l  4.8.1  us  tlie  petieentage* 
of  e.vtnict  for  tlmt  gnivity. 

Detection  of  Preservatives. — The  priui'i])al  juvservative  used  in 
beer  is  .silioylic  acid;  next  iu  importance  is  Huori*le  of  smlium,  which^ 
however,  is  not  usee]  to  any  eousidenible  extent  a^?  yet  in  thii*  country. 

Salicylic  Acid. — The  ordinary  method  r^f  ♦•xtnictirig  liy  uurdus  i»f 
ether  and  testing  tlit^  residue  l(»ft  t*n  cvaporatinn  of  thf  latter  widi 
ferric  <'hlc*ride,  ciinuot  Ue  ase<l  in  the  examination  uf  beer,  since  kila- 
driL-^I  malt  eoutains  a  prineiple  which  gives  ;i  reliction  identieul  widi 
tlmt  tA'  salicylic  nM,  The  following  niethml,  dcvistd  hy  Spicit,  if«, 
htiwever,  satisfsictory  and  reliable:  A*'idifv  KlOfcv  %vitli  snlphnric  acid, 
extrnet  witfi  elluT,  all^iw  the  S4']iiinitid  ether  to  evaporate  sponta- 
neously, and  warm  the  residne  gently  with  a  drop  of  stnmg  nitric  acid, 
whereby,  if  sjdieylie  acid  is  piTseut,  picric  aci«l  is  fornuHJ.  The  a<ldi- 
tion  of  a  few  ftrnps  of  ammonia  or  of  scMlinm  by d rate  produces  the 
ennvspt^ndiug  pic^nite  with  its  bright-vi'llow  nilor,  which  may  l>e 
impart^^l  to  a  w*»oIlcu  thread  immersed  in  tlie  licjuid. 

Fluorides. — Seveml  methods  are  re(*<  mi  mended,  ami  among  them  the 
following : 

MetiiuI)  ok  IIefelmann  and  Mann. — Exim*1  the  carbouie  acid 
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Kom  500  CO.  of  l)eer,  and  then  add  1  cc.  of  a  solution  containing  5  i)er 
Bcnt.  each  of  calcium  and  barium  chlorides,  and  follow  it  with  O.o  cc. 
of  20  per  cent,  acetic  acid  and  oO  cc.  of  1)0  per  cent,  alcohol.  Li»t 
Stand  twenty-four  hours  and  filter.  Dry  the  filter  and  precipitate  col- 
lected thereon  without  washing,  and  transfer  to  a  platinum  crucible. 
Add  strong  sulphuric  acid,  and  cover  the  crucible  with  a  waxed  watch- 
(hsg  with  some  lines  scratched  through  the  wax  coating,  then  hc^at  at 
■^  100®  C.  for  two  hours,  and  observe  the  effect  on  the  exjx»sed  glass. 
The  methml  is  said  to  be  of  sufficient  delicacy  to  detect  the  presence 
«f  7  milligrams  in  a  liter. 

,  Brand's  Mktiiod. — To  100  cc.  of  beer  made  slightly  alkaline  with 
]  immonium  carbonate  and  heated,  add  2  or  3  cc.  of  a  10  j)er  cent,  so- 
[  htiim  of  calcium  chloride.  Boil  for  a  few  minutes,  filter,  and  dry  the 
filter  and  contents.  Then  proceed  as  in  the  method  just  described.  In 
«ther  proc»€ss,  it  is  best  to  place  a  lump  of  ice  in  the  concavity  of  the 
watch-gkss  to  keep  the  latter  cool ;  the  water  should  be  removed  from 
time  to  time  by  means  of  a  pij)ette  so  that  it  may  not  overflow. 

Other  Determinations. — Of  minor  interest  are  the  determinations 
of  acidity  and  ash. 

Total  Acidity. — ^To  10  cc.  of  beer  freed  fn)m  carlx>nic  acid  by  shak- 
ing, add  a  few  drops  of  neutral  litmus  solution,  and  then  add  dwinor- 
mal  9^Klium  hydrate  until  the  end  reaction  is  observed.  Ex{)ress  the 
results  in  parts  of  acetic  acid.  One  cc.  of  decinonnal  sodium  hydrate 
equals  O.OOG  gram  of  acetic  a(»id. 

Plxed  and  Volatile  Acidity. — Concentrate  10  cc.  of  beer  to  a  thin! 
ef  its  bulk  by  evaporation,  add  water  up  to  the  original  volume,  and 
pwK*ed  as  above.  The  diflFerence  in  residts  is  due  to  the  acetic  ac^id 
which  has  been  driven  off.  The  fixed  acidity  is  due  chiefly  to  hu^tic^ 
ifid,  and,  if  desire<l,  may  be  so  expressed.  One  cc.  of  the  decinormal 
Solution  LS  equivalent  to  O.OOO  gram  of  lactic  acid.  The  other  acids 
present  include  succinic,  malic,  and  taimic. 

Ash. — ^The  residue  obtained  in  the  direct  determination  of  the  ex- 
twct  may  be  utilized  for  the  estimation  of  the  ash.  It  should  l>e  ignited 
very  cautiously  and  at  as  low  a  temi)erature  as  |)ossible  until  the  ash 
kecomes  white. 

WINES. 

Properly  speaking,  wine  is  the  fermented  juic^e  of  graj)es,  though  the 
*ffni  is  applied  also  to  other  products  of  fermentaticm  of  saccharine 
liquids  and  fruit  juices.  It  has  been  in  use  as  a  drink  from  the  very 
sliest  pericxls  of  civilization.  At  the  present  time,  wines  are  pro- 
duced in  infinite  variety  and  of  many  qualities.  The  chamctiT  and 
P^perties  depend  upon  a  great  number  of  factors,  including  the  variety 
''^  the  gRi|)e,  the  nature  of  the  soil  u\xm  which  the  vine  is  cultivat<^l, 
^  climate  in  general,  and  the  state  of  the  weather  in  particular  wIumi 
^  gmpes  are  ri|)ening,  the  degree  of  ri|)eness  when  gathcTinl,  the 
^hod  followed  in  the  preparation  of  the  nuist,  and  th<»  can*  with 
^ich  the  other  steps  in  the  making  of  the  final  pro<luct  are  conductcKl. 
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Of  very  gr(?iit  iiiflutiirc^  is  tht*  extiut  ti>  whieh  the  >i"eds,  skins,  and 
sU^tus  uf  the  fruit  are  alloweil  to  be  siftetl  upcin.  The  fseeds  yield  con- 
8iderjl)li'  nmniint.^  ut'  taiuiir  tu4<l,  uihI  the  skins  UikI  ruhn-,  fliivrii%  and 
tu  HMiie  extent  ;»>trin;reijey.  The  iu(»st  iiu|Mirtant  nmstitueiit  uf  the 
juic5e  of  the  j^mjw?  is  the  sugar,  and  thii^  is  present  in  greatest  iibuu- 
danee  when  tlie  fruit  is  fully  n]K'. 

In  the  making  oi'  wiue,  the  first  step  is  the  prepamtion  of  the  mu^L 
The  grajies,  with  or  without  preliiuinarv  eareful  exjinu nation  and  sort- 
ing, usually  without  J  aw  erustietl  by  niaehinery  nr  by  the  nakerl  feet 
of  men,  so  that  the  jniec  is  **€t  free.  iSunetimes,  tlie  f^tems  ai^  first 
etirefnlly  eliminated,  und  partientarly  good  indiA  idual  gnjj>es  are  ent 
out  and  set  aside  flir  sjH'cial  use.  In  tlje  erushing  of  the  fniit,  the 
method  of  treailing  bus  in  it*  favor  the  fact  that  the  se<xls  aiv  not 
theR'by  atfeetitl,  and  so  d<*  n<it  give  U})  so  nmob  t^f  their  astringent 
pritieiple*  If  a  wliite  wine  h  to  Ix?  made,  the  must  is  freed  at  once 
from  the  skins  and  stjilks  ;  but  if  the  pnidncrt  is  to  be  red,  these  are 
retaini'il  during  the  [iroeess  ot'  fermeutation.  The  juiet*  of  !}*itli  the' 
white  and  the  bhtek  varieties  of  gnij^s  is  pnietieaJly  without  eolor ; 
but  wlien  the  (lark  skins  are  left  hi  eontaet  with  the  fermenting  mass, 
the  ahnihol  iornvwl  extraet**  the  yellow  and  bhie  eoloring  matters,  whieh 
he<'r*me  red  under  the  aetioii  of  the  free  aeids  iHrnied  at  the  same  time, 
The  eour-tituents  ol*  the  tnust  are  \\ater,  sug;ar,  pfoteid  matters,  gummy 
suljstanees,  pectous  matter,  organic  aeids  and  their  salts,  and  mineral 
matters. 

The  must,  with  or  without  the  skins  and  fieeds,  h  fermented  in  %*ats 
(»f  wrwtd,  marble,  or  stiine,  the  proeess  starting  veiy  quiekly,  being  in- 
dueecl  hy  orgiuiisms  wliieh  grow  on  the  skin  itself  The  tern [MTat ore 
at  wliieh  this  is  allowed  to  proeeetl  exerts  an  important  inflnenee  in 
determining  the  eharaeter  of  the  wine:  eonduetinl  l>etween  5^  and  15*^ 
(A,  the  piiieess  is  eomjmratively  shiw  and  the  aroma  ttf  tin*  wine  is  rich  ; 
while  at  liigher  t<'ni[>eratures,  tlie  mte  is  more  raj>id  and  the  bcjUfjUet  is 
letjs  marked.  The  temiination  of  the  jnvK^ess  is  made  evident  by 
cessation  of  the  evolution  of  carlxmie  aeid,  the  tliuiiuution  of  specific 
gmvity,  ruid  the  sinking  of  matters  whieli  l>efnre  had  formed  [lart 
of  the  senuL 

Whether  all  ai'  the  sugar  is  ms^hI  n|v,  fle|M'nds  somewliat  np^ai  the 
amrjunt  of  pititeid  nutrient  material  for  the  growth  of  tJie  oi-ganisms 
by  whieh  the  e<»n version  is  ciirried  on.  If  this  is  exhansted  first,  there 
will  I)e  a  residue  of  sugai%  and  the  prnduet  will  Im*  ronvspt»ndingly 
**weet ;  if  there  is  an  abundauee  of  protei<l  matter,  the  sugar  will  be  the 
first  to  be  exhansteil,  and  the  wine  will  be  **dry.'*  It  is  sometimes 
neeessan^  to  adfl  nitrogenous  matter,  soeh  as  e^y[  albumin  or  gelatin,  in 
onler  to  keep  the  jvnK'ess  fn»m  et^ising  ton  early. 

As  the  iii^n-entage  of  aleohol  in  the  fermenting  must  rises,  the  bitar- 
trate  r»f  pHiassiuni  pivsent  is  deposited  gradually,  owing  to  its  insolu« 
bility  in  alervhoh  The  depi»sit  is  known  commercially  as  argol,  and  i» 
the  Sfiurce  of  eream  <(f  tartar. 

When  the  first  fermentation  is  completed,  the  aleoholie  liquid  is  drawn 
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off  into  casks,  in  which  it  is  kept  for  a  number  of  months,  the  vessels 
bang  kept  constantly  filled.  It  now  undergoes  a  second  slow  fermen- 
Itfiony  which  brings  about  changes  which  are  not  understood  excepting 
im  their  gross  result,  which  is  the  production  of  the  "  bouquet "  or 
Ivror.  In  this  second  process,  there  occur  a  farther  deposition  of 
'Wtgpl  and  an  oxidation  of  aldehyde  to  acetic  acid.  The  bouquet  is  due 
•^%>t  combination  of  ethers,  the  chief  of  which  is  oenanthie  ether,  sup- 
'-  |Ofled  to  be  produced  from  the  alcohol  through  the  agency  of  the  organic 
•eids  normally  present. 

The  wine  next  is  racked  off  into  other  casks,  and  in  some  cases  it  is 
leoessary  to  do  this  several  times.  Sometimes,  the  appearance  of  the 
wine  is  such  that  "fining"  is  necessary.  This  consists  in  the  addition  of 
^albumin,  isinglass,  or  other  gelatinous  matter,  which  in  its  descent 
attncts  and  enmeshes  the  fine  particles  of  matter  which  not  only  pre- 
vent brilliancy,  but  later  on  may  impair  the  keeping  quality  of  the 
wine. 

Olassiflcation  of  Wines. — Wines  are  classified  variously  according 
to  color,  strength,  sweetness,  and  content  of  carbonic  acid.  Accord- 
ing to  color,  they  are  classed  as  red  or  white,  the  latter  term  applying 
not  only  to  the  very  light,  almost  colorless  kinds,  but  also  to  those 
hiving  a  decided  yellowish  or  even  yellowish-brown  color,  such  as  is 
poBse^ed  by  "  white  port."  The  red  wines  include  those  generally 
known  as  Clarets  and  Burgundies,  though  both  these  kinds  exist  in  the 
white  forms.  The  white  wines  include  the  white  Clarets  commonly 
dttig;nated  as  Sauternes,  white  Burgundies  of  which  Chablis  is  a  type^ 
the  Rhine  and  Moselle  wines,  and  others. 

Aooording  to  strength,  wines  are  classed  as  natural  and  fortified. 
The  natural  wines  contain  of  alcohol  only  that  which  is  formed  in  the 
process  of  natural  fermentation ;  the  fortified  wines,  such  as  Sherry^ 
Port,  and  Madeira,  contain,  besides,  a  ex)nsidcrable  amount  in  the  form 
of  added  spirits. 

According  to  their  content  of  sugar,  wines  are  classed  as  sweet  or  dry. 
8ome  of  the  sweet  wines  contain  added  sugsir  and  that  which  has 
leaped  the  action  of  the  yeast  plant.  In  the  dr\'  wines,  all  or  nearly 
«1  of  the  sugar  has  been  converted  into  alcohol.  Not  all  of  the  sugar,, 
however,  in  any  wine  is  converted  into  alcohol  and  carbonic  acid,  small 
Miounts  going  to  form  glycerin  and  succinic  acid. 

According  to  their  content  of  carbonic  acid,  wines  are  classed  as  still 
^  sparkling  (effervescent).  The  natunil  wines  contiiin  practicjilly  no 
**Aonic  acid  ;  the  sparkling,  or  effervescent,  wines,  as  Cliami>agne  and 
1*fkling  Moselle,  are  in  a  sense  artificial  in  that  thov  are  subject<Kl  to 
*  Process  of  fermentation  in  the  bottle,  su^ar  lK*ing  added  for  the  pur- 
P**'    They  are  flavored  also  with  liqueurs. 

^position  of  Wines. — ^Alcohol. — The  most  important  constitu- 
^^  the  active  principle,  of  wine  is  ethylic  alcohol.  The  higher 
T^nols,  propylic,  butylic,  and  amylic,  are  always  present  in  traces. 
'^  amount  of  alcohol  is  variable,  rantring  in  natural  wines  from  f> 
^  Uper  cent,  by  weight,  but  ordinarily  present  between  the  limits  of 
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9  ainl  12  |jrr  ^nit.      In  fortiHtHl  ^vim^'^,  tlic  amount  range;*  from  12  to 
about  22  p^r  rent.,  1hi{  is  u.snally  abHiit  17  jxT  cent. 

Sugar. — While  the  uinuunt  of  sujirar  iji  the  origiiisjl  must  rau^ei^  l>e- 
tween  12  and  *M^  per  cent.,  in  the  natural  tinished  pnnluct  it  is  a^  a 
rule  quit^i  hiw,  (U'dinarily  euusitleral)ly  under  i).5  per  eent.,  aiul  often 
none  at  all.  The  sweet  Tcjkuv.s  eoiitaiu  exeewlingly  viirinlilt^  aoionnts, 
rjuttin^  from  ?)  to  2(j  jkh'  eent.,  Poiis  and  Madeim>  aU>ut  4^  and 
iSherries  somewliat  less  ;  hut  American  Porti^^  Sherrie^^,  and  Madeiras 
4ire  eomnionlv  fairly  rich  in  J^tigur.  Dome.stic  Champagnes,  also,  ei»n- 
ti»in  notal>le  amounts,  hut  those  f>f  foreign  origin,  even  those  ttnlinarily 
classcHl  us  sweet,  cM>utaiu  liut  small  amounts,  the  impressir»n  of  sweet- 
ness iK'ing  Iargt4y  due  in  the  tlavorings  of  the  litjueurs  a<hlnL  Fnur 
»|K>cimens  analyzetl  by  the  autlior,  one  of  wliieli  (No,  4)  is  well  knnwn 
418  an  extra  sweet  wine,  yiehle<l  tlie  following  results  : 


Brand. 


1.  Brut  Imperial  (M<>et  <fe  Chandon) 
*2,  St.  Marceaux    ...... 

3.  Dry  Imperial  (M*hI  tV  ("hiHidtiii) 


Sugar 


I 


1.56 
4.76 


Extract. 


3,27 
3/il 
3.18 
6.88 


wttlfhL 


1L15 
10.38 
1085 
1U.23 


Extract. — The  extmet,  or  residue,  represc^iits  the  stim  of  the  non* 
volatile  eoustituents,  iiieluding  sugar,  uiti<tgenous  matt<^rs,  tartju'ie  and 
other  acids,  miiieml  and  orgiune  salts,  eolnriug  und  iistriugeut  ju^in- 
ciples,  glveerin,  etc.,  all  of  which  are  } present  in  but  snial!  tpianti- 
ties.  In  sweet  wines,  the  prineipul  const ituent  of  the  residue  is  sugar. 
The  actual  fotwl  vahie  <A'  the  resi^lue  is,  apail  fron»  the  sugar,  junieti- 
cally  nif. 

Adulteration  of  Wines. — Wines  have  been  snl>ject  to  a  wide 
variety  of  adulterations  from  the  earliest  times,  and  nieasui-es  against 
the  practice  of  their  sophistication  were  enfon-i'd  huig  Iw-fore  those 
against  the  adnlteratifin  of  bread  and  othc^r  fttmU  were  tliought  of 
The  ancient  Ureeks  and  Koruans,  ior  example,  enactiKl  stringent  laws 
and  appointcMl  oificials  who#^  duty  wa.s  to  detect  and  punish  tht>se  \xhn 
ott'enth'd. 

At  the  present  time,  a<lnlteration  of  wines  is  practised  verj' ex l€ii- 
sively,  and  inc!ud<'s  the  addition  of  water,  of  ciiloring  agents,  of  pre- 
servatives, at'  giyei'rin  to  imjiail  swtvtness  and  body,  of  alum  tu  lieight**n 
color  and  of  diHx>lorizing  agcmtsto  remove  it,  the  suhstihition  of  wiioUy 
artificial  conjponnds,  and  processes  fnr  the  "  impr<ivement ''  of  the 
natural  product.  The  flavoring  and  eoluring  agents  are  as  a  rule  quite 
harndess.  They  an^  employcfi  chiefly  in  the  manufacture  of  factitious 
wines,  and  not  uncommonly  the  same  agent  serves  in  both  ra^iaeities. 
Prunes,  raisins,  drit^fl  apjiles  and  iH^iiehes,  and  dates  are  cfmimonly  so 
c^mphned.  Various  iK-rriis,  lugw<H>d,  alkanet,  n*d  b*^ts,  cNial-tar 
priwlucts,  and  a  wide  variety  t*f  other  substances  are  said  to  be  used 
lt>r  imparting  e<dor. 
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The  addition  of  alcohol  is  rcxx)gnized  as  a  legitimate  practice  in  the 
of  the  fortified  wines  ;  that  of  glycerin  luis  no  sanitary  significance. 
3he  amount  of  ahim  used  for  heightening  color  is  so  small  as  to  be 
woductive  of  no  harm.  The  employment  of  decolorizing  agents  is, 
I Ae  the  substitution  of  artificial  products,  a  fraud  pure  and  simple ; 
^feot  the  use  of  preservatives,  such  as  salicylic  acid,  formaldehyde,  and 
'  olphites,  is  objectionable  on  account  of  dimger  to  health. 
i      For  the  impwvement  of  wines,  a  number  of  processes  are  in  vogue. 

t  Chief  of  these  is  "  plastering,"  which  consists  in  the  addition  of  gyp- 
«am  to  the  must  for  the  pur[)ose  of  securing  a  more  brilliant  appear- 
ance and  increasing  the  keeping  qualities.     This  agent  decomposes  the 
potassium  bitartrate,  forming  tartrate  of  calcium  and  acid  sulphate  of 
potassium,  which  latter  eventually  is  converted  into  the  neutral  sulphate. 
Cliaptalizing  consists  in  the  neutralization  of  the  acidity  of  the  must  by 
the  iise  of  marble  dust,  and  the  addition  of  cane  sugar  or  glucose.  This 
process  diminishes  the  natural  aciditj'  and  increases  the  yield  of  alcohol, 
(nllizing  consists  in  diluting  the  must  so  as  to  reduce  its  acidity  to  a 
[  given  standard,  and  adding  a  sufficient  amount  of  axue  sugar  or  glucose 
I  to  insure  the  production  of  the  proj)er  alcoholics  strength. 
'      The  Pasteur  treatment  of  wines  is  resorted  to  sometimes  as  soon  as 
\   evideuoe  of  untoward  fermentations  producing  the  so-called  "  wine  dis- 
,   tises"  appears.     The  wine,  best  in  the  bottle,  is  heated  to  from  55° 
;    to  65°  C.  according  as  the  alcoholic  strength  is  high  or  low,  whereby 
the  existing  germs  are  killed  and  the  preservation  of  the  wine  is  made 
pemmnent. 

The  manufacture  of  artificial  wines  is  carried  on  extensively  in  this 
^ottntry  and  abroad,  in  spite  of  the  fact  that  fair  grades  of  the  genuine 
pniduct  are  obtainable  at  very  low  prices.  A  iHnnl>er  of  hand-books 
tnd  guides  to  the  **art  of  l)lending  and  compounding"  are  pub- 
lished for  the  use  of  wholesalers  and  retiiilers  of  wines  and  liquors,  and 
fioni  several  of  these  the  following  are  selected  as  examples  of  the 
methods  given:  (1)  Port:  cider,  30  gallons;  alcohol,  5  gallons; 
**}'^p,  4  galhms ;  kino,  J  pound ;  tartiiric  acid,  \  })ound  ;  port  wine 
flavor,  6  ounces.  (2)  Claret :  California  hock,  40  gallons  ;  extract  of 
Kino,  8  ounces ;  essence  of  malvey  flower,  H  ()unw\s.  (3)  Sherr}' : 
*Si«il  parts  of  S()anish  sherr\'  and  California  hock.  (4)  White  w^ne  : 
^uj^olve  25  pounds  of  gnqH*  sugar  and  1  of  tiirtaric  acid  in  25  quarts 
<^  hot  water,  add  75  (|uarts  of  cold  water  an<l  50  jxmnds  of  grape 
pj'p,  stir,  cover,  let  fennent  for  four  or  five  days,  and  strain. 

In  France,  an  artificial  substitute  for  wine,  known  as  "  piquette,"  is 
'"^^ufactured  very  extensively  from  raisins  and  dried  apples.  It  is 
estimated  that  in  1 898  no  less  tlian  50,000,000  g:illons  were  made  and 
^^'^^iwnied.  The  process  is  exceedingly  simple.  To  ejich  gallon  of 
"^ter  used  are  added  1  pound  of  raisins  and  1  of  dried  a{)ples ;  th(» 
"J^^xture  is  placed  in  an  open  vessel  and  allowed  to  stand  three  days. 
^}  »  then  bottled  with  J  teaspiK)nful  of  sugar  and  a  small  }>iece  of 
^imainoD  in  each  bottle.     It  is  said  to  be  a  pleasant  and  harmless 
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Analysis  of  Wines. 

Detennination  of  Alcohol. — The  process  for  the  determination  of 
alcohol  is  the  same  as  that  foHowed  in  the  analysis  of  beer,  except 
that  the  distillation  or  evaporation  is  carried  farther.  At  least  60,  or 
Ixitter  75  oc,  are  collected  by  distillation  or  driven  off  by  open  evapo- 
ration. 

Determination  of  Extract. — The  specific  gravity  of  the  de-alcohol- 
ized wine  gives,  as  with  beer,  an  a])proximate  estimate  of  the  amount 
of  extract,  and  the  same  tiible  may  Ix?  used.  The  direct  determination 
is  made  by  evaporating  50  cc.  of  the  wine  in  a  weighed  platinum  diiji 
on  a  water-bath  and  drying  to  constant  weight  in  an  air-bath.  With 
sweet  wines,  a  smaller  amount  is  })refenible. 

Determination  of  Acidity. — The  total  acidity,  due  to  bitartrate  of 
]K)tassium,  tartaric,  malic,  and  other  acids,  is  reckoned  as  tartaric  acid. 
Twenty-five  cc.  of  the  wine  are  titrated  in  the  usual  way  with  deeinor- 
mal  sodium  hydrate,  1  cc.  of  which  equals  0.0075  gram  of  tartaric 
acid. 

The  volatile  acids  are  reckoned  as  acetic  acid.  Fifty  cc.  of  the  wine 
are  places!  in  a  distilling  flask  connected  by  mams  of  its  outlet  tube 
with  a  Liebig  condenser,  and,  by  means  of  a  bent  tube  passing  through 
its  stopjHT  and  proje<*ting  well  below  the  surface  of  the  wine,  with  a  ■ 
flask  containing  250  cc.  of  water.  The  contents  of  both  flasks  are 
brought  to  the  boiling-{K>int,  and  then  the  flame  l)eneath  the  wine  is 
turncnl  down  and  the  curn*nt  of  steiun  pissed  through  until  200  cc. 
of  distillate  art*  colUvtcnl.  This  is  titrated  with  decinormal  sodium 
hydrate,  an<l  the  nsult  is  expresseii  as  ac(»tic  acid.  The  determination 
of  the  amounts  of  the  individual  acids  is  of  no  hygienic  interest. 

Determination  of  Sugar. — The  amount  of  sugar  in  wine  is  deter- 
mimnl  l>y  nnluction  of  FehlingV  solutiim,  by  the  method  of  Allihn,  and 
by  j>olarisiM>py.  For  the  details  of  these  methods,  the  reader  is  referred 
to  any  of  the  standanl  works  on  wine  analysis,  for  the  small  amount 
of  suirar  ordinarily  ]>rt*sent  is  of  but  little  hygienic  interest,  and  the 
deseri]>tion  of*  the  }>nHvsses  would  rtHjuire  an  amount  of  s[>aoe  va!>tl7 
out  of  pro]>ortion  to  the  imi>ortaniv  of  the  subject. 

Determination  of  Ash. — The  residue  obtained  in  the  determination 
of  extniet  i*:»n  Ix*  ntiliztnl  for  the  dt'terminati<m  of  the  ash.  It  should 
lx»  ignit<nl  at  as  low  a  toin|H»nuun^  as  possible. 

Detection  of  Coal-tar  Colors. — AVhile  the  presence  of  coal-tar 
t*olor<  is  not  ditVundt  of  detention,  the  identification  of  the  individual 
meniUrs  of  x\\o  iri>ni}>  is  by  no  nu^in>  e:isy.     The  following  teste  pS^ 
reliable  indi<\»tions  of   ilu'  pn^>oniN'  of   this  class  of   colors.     Eqna* 
volu!ne>  of  wine  and  <  ilu  r,  airitati^l  in  a  flask,  and  let  stand  and  sepa' 
nite,  will  sh4>w  in  the  vxhrr  layer  a  nd  o>h>ration,  if  anilin  colors  af^ 
pn^^Mit.      In  pKu*«'  ot'  etluM\  nitn>-lx'nzene  may  lx»  used;  this  remover 
fneh>in.  *Nwin.  and  mrthvK  \i-bhu\  but  tl<K^   not   take  up  any  of  th^* 
vogt^tablo  colors,  s:UVanin.  or  indip»-<r:innine.     Amyl  alcohol,  also,  will 
U\*ome  n^Ulentxl  wlun  acitattnl  with  wine  i^tmtainiog  anilins,  but  the 


riiie  mu^t  first  Ik*  ni:i*li»  slightly  alkalint'.  If  white  wnolleu  tbreads^ 
aire  immersi^l  ff>r  S4»me  tiiiu*  in  thr  rnlurKl  lujiiiils,  thvy  will  take  up 
the  colore  anil  become  dyed. 

Cazencuve's  te^t  is  p<'rt«*riii(xl  as  ji»llr*ws:  To  IH  ec\  of  wine  add 
0,20  gram  of  mereorie  «jxide,  xhvu  sfmUe  ft>r  one  minute,  boil,  let 
srtand,  and  Htter,  Tlie  liltnite  sbr»ul*l  lie  i/lear,  and  in  tlie  absence 
of  anilirM  >hoidd  l»e  ec»lorle^>  :  if  it  is  wtl^  un  anilio  eolnr  is  present, 
Abr«!m!«*  of  L'olor  i.s,  however,  not  eonelusive  evidence  of  purity,  since 
a  miml>er  of  the  aniUn  eohir-,  iis  eosiri,  methyleJi-bhie,  and  others,  are 
whnlly  pi'o*'!  pita  ted,  and  si»  do  not  a]>|M"ar  in  the  filtrate  Sitfnmin, 
inethvl-<*osin,  I'onei'au  re<l,  and  a  muiibi-r  uf  other  eolors  are  precipi- 
tated partixdly  or  L^Hii[ileteiy. 

A  mimlicr  of  thei^e,  inehidin^  satranin,  Btntkniix  red,  and  Ponceiiu 
red,  may  be  separaUxl  l>y  ihe  followin^r  priwess  :  To  200  ee.  of  wine 
from  whiefi  the-  alcohol  has  l>een  exjKlliHl,  add  4  ec.  of  10  per  cent. 
Iiy*lnK*hl<»rie  acid  and  some  white  woollen  threa<ls,  and  btal  for  tive 
rainutes.  Witlulraw  the  threads  and  wa>li  lliem  with  cold  water  acidn- 
late<i  with  hydnK.'hloric  a<Md,  next  %vith  liot  water  similarly  acidulatetl, 
and  lastly  with  <li-tilhHl  water  alone.  Bi>il  tlie  threads  in  50  ee.  of 
distilh^I  water  ccmtaining  2  ce.  of  stroui^  anHnouia  water,  renn>ve  them, 
and  iramerse  new  one8.  iMake  acitl  with  liydroehhtrie  aci*l  and  lioil 
for  Hve  minutes.  Varying  shades  of  n»se-red  will  bt*  imparted  to  the 
threads  if  any  of  these  colors  are  present. 

Fiiclisin  may  be  detect  etl  by  the  fnllowini^  methods:  (1)  To  100  ec. 
of  wine  add  o  e(\  of  ammonia,  water  and  liO  c*c*.  uf  ether,  and  shake. 
Kcraove  the  ether,  which  w^ill  liave  no  fjolor,  plaw  it  in  a  watch-glass 
with  H  white  woollen  thread,  and  let  it  eva|K>nitc  to  diyness.  If  even 
a  trace  of  fuchsin  is  pivsent,  the  thrpatl  will  shf»w  a  distinct  rosen^ol- 
onition,  (2)  Mix  2  Viihimes  of  wine  mid  1  of  solution  of  l>:tsic  ace- 
tate of  lead,  warm  gently,  and  shake.  hllter,  add  to  the  Jiltmte  a 
small  arnfiunt  of  amyl  alcohol,  slmke  again,  and  reun^ve  the  amyl  aleo- 
boL  If  thi'i  hiis  a  n-il  color,  it  may  be  <luc  to  fuchsin  or  to  orseille. 
To  a  portion  of  the  <■< stored  litpnd  adtl  liydrorhh*rie  aciil  ;  if  the  color 
i«  dis*-'liiirged»  il  was  due  to  fnch-^in,  Toanotlirr  |>ortion  add  ammonia 
water;  if  tlie  *vil*ir  is  changed   to  ptir[»le  violet,  it  was  cine  to  orstille* 

Detection  of  Preservatives,— Salicylic  Acid. — Spica's  methixl  for 
dettTting  siilicylic  atnd  in  wine  is  as  follows:  Acidify  10  c(*.  of  wine 
with  a  few  drops  of  hydr<H'hlorie  ai'id,  anri  shake  with  an  €^|ual  volume 
of  ether,  Uem<^ve  the  etiier,  filter  it  it*  nt'<H'ssirA%  and  evap^)mte  to 
drynesis,.  Add  a  drop  of  nitric  aciil,  warm  gently,  and  a<hl  an  excess 
nf  ummoriia  and  1  ce.  of  water.  Inimcrs*"  a  white  woiJh-n  thread, 
apply  gentle  heat,  and  tlien  withdniw  tlit'  thread,  wash  it,  smcl  dry  it 
lietwwn  pieces  of  blotting-iKqKT.  A  yellow  eoli>r  indicates  that  sali- 
cylic acid  was  pres4*nt  in  the  wine. 

Another  methrKl,  tor  which  great  delicacy  is  elaiined,  even  to  a  tenth 
of  a  milligram  in  a  liter,  is  the  following:  Ai'itlify  oO  cm*,  of  wine, 
beer,  or  other  litjuid  with  sn[])hurie  acid,  and  shakt^  it  witli  an  e*pial 
vohime  of  a  mixtnn^  of  cqnal  piuis  of  clher  and  naphtha.     Sepamte 
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t\w  ether,  filter,  and  evajx>mle  tlnw  ii  to  *i  *^\  ;  then  add  »3  t^%  of  wiiter 
and  a  tew  dmps  tif  very  ^lilnte  Hihitioii  nf  t't'rrie  eldnride,  aod  HxUvv 
thmiigli  u  wet  tilter.  In  the  presence  of  .salieylii*  acid^  the  waterj'  j)or- 
tloii  will  have  a  virilet  rnlnr;  A  nunliiiejituin  nf  this  method  eon.'^Lst^ 
in  extna'iin^-  witfi  etjier  idnne,  and  then  extntt'tin^  the  etiier  resichie 
with  nuphtlui ;  the  residue  un  tviipdnitiun  of  dir  nai*htha  l^  uviitt*^] 
witli  wjjter  antl  very  dilute  ferric  chlnrkle, 

Formaldehyde,^ — To  10  ce,  ot*  wine,  ad<l  a  tew  dmps  of  milk  known 
t4>  be  free  frnni  forniahlehydc,  and  shake  in  a  tt*st-tii!ie.  Next  jioitr 
down  t!ie  side  <if  the  IuIm'  ahont  4— o  ci\  of  sti*t*n^  i-imnncrtaa!  ^nl- 
phnrie  a^'id,  and  note  the  iHilur  at  tltc  line  of  c<ijitact  of  thi-  twn  titjuids, 
(Sd'  nnder  Milk.) 

Sulphites. — To  2(H1  re.  of  v^'inc  (or  beer)  add  o  ee.  of  phosphfrric 
at^id  ;  distil  l<H>c<',,  nsinjtj^  a  Liebig  ecnid**iiscr  witli  a  Iw'nt  delivery  tul>*" 
whi<*h  di(>s  below  thesuiiacc  of  20  ec  *if  ibnanonnal  sithitioii  of  iodine. 
By  distilling  in  a  current  of  washetl  CtX,  the  tlanjjjer  of  back  snetioii 
is  avoided.  The  rt^ietioii  wliieh  is  brought  a  boat  is  as  follows : 
SO, -h  2H,0  4- I, -^  li.SO,  ^  2HL  The  amount  oi'  SC^  may  be 
determined  by  cstimatin|^  the  excess  of  iiKlinc  by  means  of  standanl 
SiKlium  thiosnlpltatCj  or  the  ilistillate  may  he  aeiditic*l  with  hydrochloric^ 
acid  and  the  containtnl  snlphnrie  aeid  precipitate*!  as  barinm  sulphate 
by  the  addition  of  litiHum  ehloride*  One  milligram  of  barinm  sul- 
phate is  cqnivaleut  to  0,2748  milligram  of  80,, 


CIDER. 

Cider,  or  apple  wine,  is  the  fernu^nted  juice  ot'  tlie  tq^ple,  It  ir^  made 
very  extensively  wherever  a]>|iles  arc  grown,  and  is  a  very  ijnpnrtaut 
|jriKluet,  viewnl  cithc^r  as  a  bevcnigt^  t>r  as  the  basts  of  what  is  regaitleil 
generally  as  the  bc^t  kinti  of  viucgiir. 

A  \'ery  large,  if  not  the  grcniter,  (wirt  of  the  eider  prtxlneed  is  made 
w^itliout  special  (*arc  by  a  very  simple  piuccs>.  TIh'  apjilcs  ukmI  are 
onlinarilv  those  not  inarki'talile  on  account  of  small  size,  grtNainess, 
over-ri|K'ness,  t>r  liruiscs  ;  hnt  often  perf<f*et  fruit  is  us*^<I  whtMi  the  croji 
itt  so  abundant  that  there  is  more  ]>roHt  in  ci>n verting  it  iiJto  cider  an<l 
vinegar  than  in  scalding  it  in  barrels  to  nuirkct*  The  fruit  is  ground 
to  a  pulp  and  presstxl,  am!  tfie  juice  is  dniwa  into  barrels  antl  allowed 
to  termcnt.  If  the  same  amount  of  eart^  is  taken  as  is  givcii  in  the 
making  of  wine  from  gm|R's,  the  product  is  of  a  sui>erior  grade,  and 
keejw  very  well  ;  but  as  onliuarily  made  in  the  country,  its  life  i> 
short,  unless  treate^l  with  sidieylic  acid  or  ntlier  pivservative  to  clic<;k 
fermentation.  In  France,  where  thi-  yearly  yield  is  very  great,  the 
best  grades  are  made  with  due  regard  lo  the  tcmiM^niture  at  wliieh  the 
fermentiition  proceeds,  and  to  the  im[K*rtanee  r>f  nicking  otf  and  fining, 

Cider  of  go(K:l  qnality  contains  usually  from  l\  to  o  jut  <'ent.  aud 
sometimes  as  much  as  8  per  cent.  Iiy  weight  of  aleohoL  V<"ry  new 
fiweet  eider  may  etuitaio  less  than  1  |>er  cent.  The  tc*tal  cxtnict,  which 
is  lai^gely  sugar,  is  in  in%*erse  (iroj>ortion  to  the  amtnuit  of  ideoliol  ;  in 
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irocage  sample^:,  it  amounts  to  from  4  to  6  per  cent.,  while  in  new 
peet  cider  it  k  commonly  nearer  9  per  cent.  The  free  acids,  chiefly 
ipaUcy  amount  to  less  than  0.75  per  cent.,  and  average  about  0.40. 

The  adulterants  of  eider  are  water  and  salicylic  acid.  The  latter  is 
famid  very  commonly  in  that  which  reaches  the  city  markets. 

PEKBT. 

Perry,  or  "  pear  cider,''  is  the  fermented  juice  of  pears.  It  is  made 
in  the  same  way  as  cider.  Pear  juice  being  richer  in  sugar  than  apple 
ipioe,  it  follows  that  the  average  content  of  alcohol  is  somewhat  higher 
tttD  in  cider. 

Distilled  Alcoholic  Beverages. 

Spirits,  or  distilled  liquors,  are  the  product  of  distillation  of  fer- 

mted  sugar  solutions.     Their  most  important  constituent  is  ethylic 

,  ileobol,  which  is  ordinarily  present  to  the  extent  of  about  45  per  cent. 

[  When  freshly  made,  they  contain  variable  small  quantities  of  higher 

ialoobols,  furfurol,   fatty  acids,  and  other    vohitile    principles,   which 
together  constitute  what  is  known  as  fusel  oil,  the  chief  constituent  of 
f  which  is  amylic  alcohol. 

I  Each  kind  of  grain  or  other  raw  material  from  which  the  ferment- 
'  iUe  sugar  solution  is  obtained  yields  a  diflFerent  kind  of  fusel  oil ;  dif- 
ferent because  of  the  changing  relative  proportions  of  its  constituent**, 
which  include  butylic,  propyl ic,  and  amylic  alcohols,  and  their  coitc- 
sponding  acids,  butyric,  propionic,  and  valerianic,  and  other  matters. 
That  which  is  found  in  iK>tato  spirits  is  richest  in  amylic  alcohol,  and 
i«  the  most  toxic,  while  that  from  gmpes  contains  by  far  the  k»ast  and 
pwxluces  the  least  harm.  During  the  prowss  of  aging,  the  constituents 
of  the  fusel  oil  undergo  chemical  changes  which  result  in  the  formation 
rfcenanthic,  acetic,  and  butyric  ethers,  acetiite  and  valerianate  of  amyl, 
•nd  other  compounds^  which  together  constitute  the  aroma  or  "  bou- 
quet." Thus,  a  spirit  is  improved  in  two  ways  by  long  storage :  it 
w»  in  toxicity  an<l  grains  in  flavor. 

The  relative  toxicity  of  the  several  alcohols  and  of  other  constituents 
of  fiisel  oil  has  been  determined  by  Dujanlin-Boaumetz  and  others, 
who  show  that  the  poisonous  pro])ertics  incrt^ase  with  the  boiling-point 
^  molecular  weight.  Jefrn)y  and  Servcjuix  '  dctenniiiod  the  amounts 
w  grams  necessar>'  jkt  kilogram  to  kill  a  nibbit,  as  follows  :  ethylic 
«lcohol,  11.70;  propylic  alwhol,  3.40  ;  butylic  alcohol,  1.45;  amylic 
•Icnhol,  0.63;  furfurol,  0.24.  Daroniberg^^  found  by  ex|>eriment  that 
Artificial  spirits  and  wines  made  with  }>ure  rectified  alcohol  are  less  toxic 
^fcw  the  genuine  pnxlucts,  by  reason  of  the  absence  of  the  constituents 
rffiisel  oil.  Roubinowitch,'  spejiking  of  the  greater  toxicity  of  the 
«gher  alcohols,  calls  attention  to  the  fact  that  the  distillates  from  cider, 
pwry,  and  fermented  grains,  potatoes,  and  molasses,  are  much  more 
toxic  than  brandy. 

'  Archives  <ie  M^f?cine  exp^rimentale  et  crAnatoniie  pathologique,  1895,  p.  569. 
*  Ibidem,  p.  719.  UhxzvWv  des  Ilftpitaux,  1895,  p.  237. 
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Most  spirits  arp  folnrrd  iirtiiicially  hy  the  addition  of  harmless  ool- 
oririg  agents^  the  most  widely  um'<I  tjf  whicli  ih  nirameh  Ah  die  pmi^ 
tire  of  eolorinj^  is  in  nsjMMi^e  to  the  dt*Tiiao(l  nf  the  eousumrr  tVtr  a 
darker  t^olor  tliaii  oaii  he  i>htaiueil  otlierwise,  it  can  leiriUy  he  regurded 
as  an  adulteration . 


BEANDY. 


rirandy  ia  obtaitn^l  by  distilling  wines  of  the  piN>rer  qualities,  often 
mixed  with  the  **  lees/'  ov  livegs  fnnu  the  wine  easks^  and  the  *"  mare," 
ur  solid  refuse  left  after  pressing  tlie  gnijx^.  The  lees  and  marc  an? 
uschI  also  alone  fi»r  the  j>rHHlui'ti<in  iif  a  Itighly  mli>rous  brandy,  whieh  is 
nnieli  nsi-d  for  inipruving  the  Havr»r  of  oth*'r  brandies,  and  for  givinj^ 
flavor  to  the  artifieial  brandies  rjnale  fj-oin  pure  alc«:jhol  and  water. 
From  this  mare  bmndy  is  ol>taii^efI  the  t>ily  substance,  renanthie  ethi^r, 
%vhieh  is  known  cf^nniiereially  as  "■  oil  of  wine/' 

Brandy  is  (inKlneKl  \ory  lai-gely  in  Fninet ,  and  innrli  le-^s  exten- 
sively in  Spain,  Portugal,  and  (lermany  ;  in  California  and  in  the  wine- 
growing region  of  the  Ohi«>  and  Mississippi  Valley,  it  is  protluee^l  in 
lai^e  qnantities  and  of  most  exrelleut  quality. 

The  eolorh*ss  distillate  is  stia^-d  i'uv  srMue  time  in  oaken  casks,  from 
whieh  a  small  tniee  of  tannin  und  a  varyitig  depth  of  amlM^'  c'oh>r  am 
ae<piirHl.  The  flavor,  wlueli  in  general  dejieiids  npun  tlie  kind  of 
gra|>es,  their  eondition  wljen  pivss*>d,  and  the  cam  observe*!  in  the 
making  nf  the  wine,  bei-inne>  impmvLHl  during  storage.  The  liquor  in 
tlien  (*nl(trod  and  lK>ltl(Hl  for  tlie  nnu-ket. 

Good  In-anily  should  euntaiu  from  :id  to  47  per  ccnt»  of  ah'<ih«il  by 
weight,  should  have  an  agrcealjle  iidor  and  taste,  and  shonld  hv  fn^e 
from  snhstanees  addtn!  u*  import  shar[»  taste  and  apparent  strength. 
The  nt^jirly  ihy  rc^itlni*  from  !<H>  rr,  vny  shA\  ly  evatMrratinl  on  a  water* 
l>ath  shonld  liavt*  a  [>le;isaut  ndor,  and  its  tasti^  sliouhl  hv  neither  swet^t 
nor  sharp  ;  a  sharp  <Khir  {>oints  to  the  pivsenee  of  fusel  oil  deriveil  fnan 
]>otato  oreen^ds;  a  swi^i  taste  is  indieative  of  addtnl  sugar  or  glycerin; 
and  a  sharj*  tastc^  is  sngge-^tive  of  eayenne  or  otfier  s|>iee, 

Mnrh  of  tlrr  f>nindv  nf  t'onunerei'  is  t\  purely  nrtifieial  prudnet  made 
frojo  aleohol  or  ptttalti  spirits,  water,  and  Havorings,  The  fornmhe  for 
making  bmndy  an*  very  nnntenuis,  an<l  not  a  few  require  what  is  known 
as  brandy  essenee,  an  nrtiele  nuide  witli  ethers  and  other  suljstanecs  in 
vaning  propnrtinns,  Jiy  one  fbrnuila,  it  \^  math*  with  5  jwirts  of  o/nan- 
thie  ether,  4  of  aretir  ethrr,  o  of  tinrtnre  of  g:dls,  1  of  timlnre  af  pi- 
menta,  and  100  of  ah-ohol  ;  by  anotlier,  it  (xntsists  of  lo  }iarts  (>f  aretir 
ether,  12  of  mveet  spirit  of  nitiv,  and  1  of  rectified  wood  spirit.  One 
part  of  either  of  tbesi'  mixtuiu^^  is  suffieient  ta  flavor  a  mixture  of  1(M)0 
[»arts  of  ah^ohul  nnd  WO  ol'  water. 

As  examplt\s  of  the  way  in  whi(4i  faetitions  lirandy  is  mafle,  the  fol- 
hiwing  will  serve:  (1)  F*oil  o  ounces  of  raisins  and  G  of  St,  Jolm's 
breatl  in  water,  filter,  an<I  make  np  t*^  10  quaits ;  mix  this  with  20 
C]nart8  of  aleoliol,  10  uuntn-s  of  bnmdy  essenc*e,  and  J  ounce  of  t'^sence 
of  violet  flowers,     (2j  Diss<dve  1  pouml  of  arg^iLs  ami  3  of  sugar  in  a 
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,(dlon  of  water,  add  40  gallons  of  alcohol,  \  pound  of  acetic  ether,  2 
-^mioes  of  tincture  of  kino,  6  pounds  of  bruised  raisins,  and  a  sufficient 
•^amount  of  caramel,  and  let  stand  for  fourteen  days ;  strain  and  bottle. 

WmSKET. 

Whiskey  is  the  product  of  distillation  of  the  fermented  mash  of 
;  gnuD  or  potatoes.  The  raw  materials  from  which  the  mash  is  made 
?  indude  malt,  wheat,  rye,  corn,  oats,  and  potato.  In  the  process  of 
?  Bashing,  the  starch  of  the  grain  is  changed  to  sugar  by  the  diastase  of 
:  the  malt ;  and  since  this  ferment  is  capable  of  converting  other  starch 
»;  than  that  with  which  it  is  associated,  it  is  customary  to  mix  malt  and 
itw  grain  in  the  proportion  of  1  to  from  5  to  9  parts.  A  bushel  of 
grain  makes  about  2.5  gjillons  of  spirits.  In  this  country,  the  grains 
employed  are  chiefly  corn,  whejit,  and  rye ;  in  Great  Britain,  barley, 
oats,  and  rye  are  used  together ;  potatoes  are  used  to  a  greater  or  less 
extent  on  the  continent.  The  mash  for  Scotch  whiskey  is  very  com- 
monly pre|>ared  from  2  parts  of  malt,  7  of  barley,  and  1  each  of  oats  and 
rye ;  that  for  Irish  whiskey  is  the  same,  with  the  exception  of  the  rye. 

As  soon  as  the  fermentation  of  the  mash  through  the  agency  of  yeast 
is  complete,  the  distillation  is  begun.  The  first  distillate,  known  as 
"low  wine,"  is  re-distilled.  The  second  distillate  is  stnmger  and  less 
rich  in  fusel  oil,  which,  being  less  volatile  than  ethylic  alcohol,  comes 
over  chiefly  in  the  later  portions.  The  new  whiskey  is  stored  for  sev- 
eral years,  in  order  that  it  may  acquire  the  flavor  due  to  the  formation 
of  new  compounds  from  the  constituents  of  the  fusel  oil.  During  stor- 
age, it  takes  up  a  trace  of  tannin  from  the  oak  of  the  casks. 

The  flavor  of  whiskey  de|)ends  upon  the  nature  of  the  raw  material, 
and  largely  upon  the  aging  pn)cess.  The  disagreeable  flavor  and  odor 
of  new  whiskey  are  due  to  fusel  oil ;  the  smoky  tiiste  of  Scotch  and 
Irish  whiskies  is  due  to  the  smoke  of  the  p«it  and  turf  fires  over  which 
the  malt  is  dried.  Indian  corn  whisky  has  a  much  different  flavor 
frjtfu  that  of  rye  whiskey ;  this  flavor  is  regarded  highly  by  many  to 
whom  rj'e  whiskey  is  unpalatable  and  insipid,  and  nt  the  same  time  it 
*s  so  full  that  to  others  it  is  rank  and  nausoatiiig.  The  peculiar  flavor 
^f  Bourbon  whiskey,  so-called  l)ecause  originally  produced  in  Bourbon 
j^'^uty,  Kentucky,  is  due  to  the  corn  from  which,  with  rye,  the  mash 
i-^  prepared. 

Whiskey  of  good  quality  should  contain  about  45  per  cent,  of  alco- 
hol by  weight,  and  should  yield  not  more  than  ().2o  ]kt  cent,  of  r(»si- 
^w^,  which  should  have  a  slightly  aromatic?  odor  and  but  little  taste. 

Whiskey  is  manufactured  very  largely  irom  alcohol,  water,  and 
Prions  flavoring  comjx>unds,  some  of  which  can  hardly  be  looked  u{>on 
^  wholly  innocuous.  The  following  directions  are  taken  from  a  small 
work,  the  object  of  which  is,  according  to  the  preface,  "  to  give  the  dis- 
poser of  liquors  thorough  and  practical  information  by  which  he  will 
he  enabled  to  compound,  and  blend  liquors  for  his  own  purposes,  and 
thus  secure  the  additional  profit.'' 
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1 .  Hmu'hon  0/7, — Take  of  fusel  t»il,  B4  ouDces  ;  acetate  of  potassium 

ami  sulpluu'ic  at-id,  t^ieh,  4  ^hiikh's  ;  ami  blark  i»xitlv  of  miiTJ^rtinest^  1 
ounc*e.  Dissolve  1  ounce  eaeli  of  siiljihate  of  rfi[tjM'r  and  oxalati^  of 
mnnioniiun  in  4  ounces  of  water^  mix  all  in  a  ^las.s  percolator,  and  let 
n»st  fc>r  twelve  hcnirs.  Then  |M^reoLite  and  put  into  a  gla^s  .still,  atjtl 
distil  ri4  ounces. 

2.  !iife  O//.— Mix  ^i4  ounces  **r  ftisel  oil,  S  t^irli  of  renanthic  ether, 
ehloroi'orni,  and  snlpliuric  acid^  an<l  2  ol' chlorate  of  pi>tasi?ium  in  H  of 
water,  place  in  a  gla^s  still,  and  tlistil  *>4  ounces. 

♦!♦  BeadliUf  f)ii, — Mix  t4»|jjethei'  4H  onnt*<»s  of  oil  of  swtvt  almonds 
and  12  of  sulphuric  aeitl,  and  vv  lieu  r'<Mil  nmtralize  with  ammonia  and 
dilute  with  dnuhle  the  virlunie  ot*  jinmf  spirit.  "This  is  usc^  to  |iut 
an  nrtifieial  bend  on  iiiferiijr  litpiors/^  Fov  making  the  lowest  grade 
of  whiskey,  one  Is  direirted  to  mix  .*J2  g-allonn  of  idcohol  and  16  of  w^at^er, 
4  ounces  of  caramel  und  1  of  Uradin^  iiil.  By  a<ldiu«j  oil  of  rye  or  oil 
of  Bt»urhon,  *" making  the  ivsult  rye  whiskey  or  Boiu'hon,  a^  the  ease 
may  he/'  the  value  is  said  to  l>e  inereasHL 

From  antither  similar  sonr^-e  the  f(dl<*wing  nH.'i|>t\s  for  factitious 
whiskey  are  tiiken  : 

1,  Jifmrhoft  Whfjtki'jf — ^Prwif  spirit,'  UK>  jcjidlous  ;  ]>ear  oil,  4  onnci^s  ; 
pelargonic  ether,  2  outiees  ;  oii  c»f  wiiitergiven,  13  dnichms  in  etlier ; 
wine  vinegjir,  1  gtdlon  ;  eammel  color,  a  snfficient  (pjantity. 

2.  Old  BmtrhoH. — Alcohol,  40  gidlons  ;  Bonrhon  whiskey,  o  gal- 
loos;  ^wf^l  spirit  of  nitre,  2  ounces;  fusel  oil,  2  ounces.  Mix  atid 
let  stand  lour  days. 

t*3.  (}id  lijfe.—Smk  a  halt'  |>e(^k  iA'  roastctl  dritnl  pt*aehes,  put  them 
into  a  woollen  Iwig  and  Icjich  with  e*>mnion  whiskery  8ufficient  for  a 
barrel,  and  add  12  drops  oi'  strong  ammonia, 

4.  Si-otvh  Ultlshrif. — AK-ohol,  U)  g;dhms  :  gt^nuine  Scotch,  8  gal- 
Ions;  water,  IH  gidhms  ;  ale,  1  gallon;  (^n^asote,  o  drops  in  2  ounoes 
uf  acetic  acid  ;  |H'largoiu*e  ether,  1  ounce  ;  hriney,  3  jwumls. 

5,  Iriit/i  Whixk^f. — Hame  as  above,  substituting  Irish  for  Scotch, 
and  omitting  the  honey. 

EUM. 

lium  is  made  by  distilling  fcnuciited  molasses  or  the  skimmings  of 
sugar  boilers,  with,  not  uncfMnuMmly,  other  sidistances,  as  pineapphv-^ 
and  guavus,  to  give  Hav^ir.  Tla^  eliaraet4'ristic  Havor  of  nnn  is  due  to 
butyric  etlier.  The  alcoholic  enutent  i»f  rum  is  vvrv  variable,  ranging 
from  W  ti»  o\vr  rJO  per  cent,  by  weight.  I^ikc  other  spirits,  rum  is 
very   largt*ly   an   artiHcial    prtMloct  of  alcohol,   water,  and   Havorings 

'  PrtM^f  Hpirit  is  dt'linfil  bv  an  act  of  Parliiitneiit  a^  it  dihileti  .spiiJt  which  ill  51*^  F. 
hIwH  wci^h  exurtly  tM'i'lvt*-thirteciiths  »k  fini**li  jisan  ei]nn\  meuMtire  ttf  dtslille*!  walir. 
It  contains  bulf  il>  vuiiime  of  alcohol  of  sp.  t^r.  O.TVKVJ  su  HU°  F,,  or  49.o  per  ccnl.  bv 
weight,  or  o~.*I7  per  tvnt.  by  vobiine  of  fil><t>|yle  uk'ijboL  its  sp.  ^r.  is  0.91984.  Over 
ami  iimier  pnwjf  ui«in  that  a  Hoiril  Ls  stron^i^r  t»r  wwiktT  tliiiti  pmnf  spirit,  ami  l!ii» 
f*Xtx*Mw  or  ticliciency  is  cxpn'i*M?<l  nn  ko  iriany  tli»fi:r^'<*s  over  or  iincler  prcK»f.  The  cypres- 
Mon,  fttr  exjiitiptt%  25  under  |jrmif,  means  that  (be  Hpminen  cmiHiMi.H  u(  2h  p«rts  of  wnter 
and  To  of  jjmof  spirit;  2-1  over  proof  mifjtfis  that  lUO  parts  nmy  be  tjibued  with  25  nC 
water  to  bting  it  to  the  Htrengtb  of  pnK>f  »p»rit* 
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fkaown  as  mm  essence.  One  of  these  consists  of  15  parts  of  butyric 
Mlher,  2  each  of  acetic  ether,  essence  of  vanilla,  and  essence  of  violet^ 
^pmd  90  of  alcohol.  Another  consists  of  32  parts  each  of  rum  ether 
^jpid  acetic  ether,  8  of  butyric  ether,  16  of  extract  of  saffron,  and  J  of 
^ol  of  birch  cut  in  strong  alcohol.  The  rum  ether  required  is  a  product 
;  cf  the  distillation  of  alcohol,  sulphuric  acid,  pyrol igneous  acid,  and 
^lilick  oxide  of  manganese.  Prune  juice  is  also  a  common  addition  t<^ 
[.fictitious  rum  for  its  flavor  and  color. 


am. 

I  Gin  is  an  alcoholic  liquor  flavored  with  juniper  berries  and  a  great 
\  wriety  of  other  substances,  including  cardamom,  coriander,  cassia  buds^ 
[  cdamos,  orris,  angelica  root,  orange  peel,  licorice  i)owder,  and  sug*ar. 

It  shoald  contain  about  40  per  cent,  of  alcohol,  and   not  over  6  i)er 

cmt  of  total  residue,  including  sugar. 

Liqueurs. 

Liqueurs,  or  cordials,  are  manufactured  compounds  of  alcohol,  essen- 
till  oiU,  cane  sugar,  and  coloring  matter.  They  contain  usually  about 
40  per  cent,  of  alcohol  by  weight,  and  from  25  to  50  per  cent,  of  cane 
tugar.  The  colorings  are,  as  a  rule,  of  v^table  origin,  but  sometimes 
tke  ooal-tar  colors  are  employed.  Even  in  the  small  amounts  ordi- 
ntrily  taken,  their  use  can  hardly  be  advised,  in  view  of  the  adverse 
wporl  (March  10,  1903)  of  the  Committee  of  the  Acad6mic  de  M6de« 
cine,  to  whom  the  question  of  their  wholesomeness  was  referre<l  by  the 
French  government.  The  essential  oils  are  the  objectionable  ingredi- 
*nt8,  apart  from  the  alcohol.  Especially  deleterious  is  one  which  is 
taken  commonly  with  considerable  water  before  meals,  namely,  absinthe. 
By  some  the  poisonous  constituent  is  held  to  be  the  oil  of  wormwood 
(Arkmijina  abfnnihium)^  by  others  the  oil  of  star  anise  {lUicimn)^ 
poth  of  which  it  contains.  To  which  constituent  the  blame  belongs 
^  of  no  great  consequence,  the  drink  l)eing  one  which  should  be 
Aunned  al)ove  all  others  as  a  poison,  without  regard  to  the  innoc- 
^ness  of  most  of  its  constituents ;  but  it  is  unlikely  that  its 
disastrous  effects  are  due  to  wormwood,  which  as  a  druji:  has  lit- 
^  or  no  action,  and  which  enters  into  the  comjwsition  of  anotlxT 
"fink,  vermuth,  which  enjoys  a  goo<l  reputation,  but  is  not  a  cor- 
^L  It  is  a  fortified  white  wine  in  which  certain  herbs  and  other 
ycgetable  matters  have  been  infusinl.  The  ordinary  French  vermuth 
^  made  from  wormwood,  bitter-onmgo  peel,  water  germander,  orris 
'^chamomile,  Peruvian  bark,  aloes,  cinnamon,  nutnu^g,  cc^ntaury,  and 
'■spbeny,  but  many  other  substances  are  used  by  different  makers. 
*^  fresh  product  has  a  very  pronounced  flavor,  which  is  mellowed 
V  age.  The  wines  most  used  in  making  French  vermuth  are  i'mm 
"^  Rhone  Valley,  Picpoul,  and  from  the  southernmost  pjirts  of  Fnmce. 
Italian  vermuth   differs    materially  from  the  French ;    it    is    a  much 
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weaker  infusion  witli  a  far  iiion'  Ijitter  taste  The  materials  used  are 
in  the  main  the  .«ani(?,  but  they  uro  employed  in  ver\"  diffemnt  propor- 
tiouH.      Vernmtli  eantiiius  abinit  17  per  cent,  of  alcohol, 


Section  6,     CONDIMENTS,  SPICES,  AND  BAKEKS* 
CHEBOCALS. 

The  eondimcuts  inelude  a  hir|j;;e  nuudier  of  ftHMl  ac<*es.sonei*  which, 
while  thcv  are  tliemsclve.s  of  uo  nutritive  valuv  in  the  aniount.-^  which 
it  i,s  possible  to  mt,  .serve  a  very  useful  purpose  in  imparting  fluv^ir, 
and  in  stiuiulating  ap|>etite  and  digestiuii.  Among  them  are  s(»nio 
which  act  through  free  acids,  suuie  tlirouglj  volatile  oils,  some  through 
resinous  mattt^rs,  and  one,  jM'Hiapa  the  mt»st  important  of  all,  c<unmiiii 
salt,  tbnmgh  itself  ah>ue.  Sjme  are  simple  substances  ;  as  vinegnr,  salt, 
and  the  spiees  ;  while  others  an^  combinations  of  a  number  4if  ingre<Ji- 
ents  blended  according  Ui  deiinife  and»  as  a  rule,  secret  form u las ;  as 
ranees,  ehntneys,  eatsup>,  and  cnrries.  Only  when  tht^e  compciunde<l 
arlielcs  contain  .substances  injojinus  t<»  health  ran  they  be  I'tgxirdtHl  as 
adidterated.  The  tomato  catsups  are  jirf^erved  very  eotntnonly  with 
salicylic  acid  or  other  preservativc\s,  and  colored  with  anilin  dyes. 
Tlms,  of  "25  samph's  of  different  makes  examined  in  1897  by  the  bealtli 
authorities  nf  8an  Franei^.co,  20  (^imtaiiied  salieylic  acid,  2  ciintainc«l 
this  agent  together  wrtb  borax,  and  1  coiitaim^I  formaldeliydc ;  IB  were 
artificially  eolort<!,  mostly  with  coal-tar  <*olors.  Of  3!)  examincHi  liy 
the  Masj^achusetts  State  Boai'd  of  Health  during  1899^  15  contained 
salievlic  acid  at  id  Ki  benzoic  acid. 


VINEGAE. 
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Vinegar  ih  a  weak  solution  of  acetic  acid  resulting  from  the  acetous 
fermentation  of  saccliarinc  Mjlutitms  which  have  undergone  alcoholic 
fermentatiou.  It  contains,  in  addition  tci  acetic  acid,  small  and  unim- 
portant amounts  of  aleohtjl  and  aldehyde,  auit  extmctive  matters  in 
varying  amounts,  according  to  the  nature  i>f  the  original  licpiid.  The 
acetic  acid  contixine<l  is  the  prcHluct  of  t»xi<lation  of  alcohol  through 
the  agency  of  MtfrofhTmn  atrfi  a  fungus  which  forms  wdiat  i^  known 
as  tlie  "  mother  of  vinegar/'  Thus,  the  change  from  sugjir  to  acetic 
acitl  involves  two  separate  fcrmeiitativr  cliangf^  through  the  agency  of 
two  ililfcrent  *irganisms,  SrHu'h(fromjjr*^.H  cetTvisifv  and  JL^vofkrmti  avdu 

There  are  sevend  kinds  f»f  vinegar  in  common  use,  as  follows: 

Cider  Vinegar. — In  this  comitry,  cider  vinegar  is  regardiHl  very" 
genciidly  as  the  umst  desiraiilc  kind.  It  contains  no  aldehyde,  alHUit 
4,oO  to  o.oO  jHT  cent,  of  acetic  acid,  markifl  traces  of  malic  acid»  and 
about  2  |ier  cent,  of  total  residue,  or  **  ciiler-viuegar  solids.*' 

Wine  Vinegar. — In  wine-prtHlncing  countries,  the  vinegar  in  com- 
mon use  is  made  from  the  cbeaper  kinds  of  wine.  It  has  color  or  not, 
ac(*ordiug  to  tlie  kind  of  wine  from  which  it  is  matle*  The  so-etdle<l 
white  wine  vinegar  in  common  use  in  this  country  tunong  the  foreign- 
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population  is  a  colorless  product  of  the  oxidation  of  dilute  spirits. 
Iffine  vin^ar  contains  rather  more  acetic  acid  than  cider  vinegar,  but 
^less  residue. 

Halt  Vinegar. — In  England,  which  is  neither  a  cider-producing 
"■or  a  wine-producing  country,  the  vinegar  in  commonest  use  is  made 
itwa  a  wort  prepared  from  malt  and  unmalted  grain.  It  is  less  strong 
ID  acetic  acid  than  the  vinegars  already  described,  but  commonly  con- 
1UD8  sulphuric  acid,  which,  under  the  English  law,  is  a  permissible 
dbixture  to  the  extent  of  not  exceeding  0.10  per  cent. 

Molasses  Vinegar. — A  very  large  part  of  the  domestic  supply 
^  vin^r  is  manufactured  from  fermented  molasses.  It  is  made  to 
imitate  cider  vinegar  in  color,  and  is  sold  commonly  under  the  name 
it  that  article.  It  yields  about  the  same  amount  of  acid,  but  is  ver)' 
^cient  in  residue.  The  latter  has  a  very  bitter  taste,  and  after  com- 
plete ignition  yields  an  ash  containing  no  potassium  salts,  while  that 
iTom  (^er  vinegar  gives  a  decided  indication. 

Spirit  Vinegar.— Spirit  vin^ar,  also  known  as  "  Quick  Process  '' 
^egar,  is  made  from  diluted  alcohol.  The  process  used  is  the  same 
IS  that  employed  in  the  making  of  malt  vinegar  and  molasses  vinegjir. 
A  series  of  suitable  vats  is  constructed  and  fille<l  with  beech  or  birch 
•havings  or  twigs,  which  by  appropriate  treatment  become  coated  with 
Mycodentui  nc^ti.  The  alcoholic  liquid  is  allowed  to  percolate  through, 
and  in  its  passage  the  alcohol  is  transformed.  The  temperature  of  the 
t^m  is  maintained  at  about  70°  F. 

Adulterations  of  Vinegar. — The  principal  adulterations  of  vinegar 
*re  the  addition  of  water  and  the  coloring  of  inferior  gnides  so  that 
they  may  Ik?  sokl  as  cider  vinegar.  Where  laws  are  in  force  establish- 
ing standanls  of  acidity  and  residue  for  cider  vin(»gar,  a  very  common 
fraud  is  the  addition  of  cider  jelly  or  of  a  preparation  made  from  apple 
pomace  to  a  clieap  vinegar  of  the  proper  strength,  colored,  if  necessjirv, 
v^ith  canmiel.  Such  comjKnmds  always  show  but  slight  or  no  n^ction 
vhen  testtHl  for  malic  acid.  The  addition  of  mineral  acids  is  not  a 
^^mon  practice  in  this  country. 

^  Izamination  of  Vinegar.— Acidity. — To  (]  vi\  of  the  si)ecimeii 
'"  n  porcelain  casserole,  add  a  few  drops  of  phenol phthalein  solution 
*wl  about  20  cc.  of  distilled  water.  Titrate  with  de<;inormaI  scnlium 
y^imte  solution,  adding  little  by  little  until  tlie  appesirance  of  a  faint 
P'^fc  coloration.  The  numl)er  of  cc.  of  the  rejigt»nt  ustnl,  divider!  by 
'"  eqimls  the  ]x>rcentage  of  absolute  acetic  acid. 

,.  ^ridue. — Evaporate  o  grams  in  an  a(»curately  weighinl  platinum 
^P  to  cr)mplete  dr\'ness  over  boiling  water.  After  the  n^sichie  i^ 
^l^hod,  it  may  be  ignite<l  for  its  yield  of  ash. 

^^x»Duine  cider  vinegar  should  give  no  more  than  a  faint  cloudiness 
y  Oeing  tested  with  nitrate  of  silver  and  chloride  of  barium  (al)scncc 
».  ^ore  than  traces  of  chlorides  and  sulphatt^s),  and  should  yield  a 
^^*y  copious  precipitate  witli  solution  of  subaci^tate  of  l«ul  (presence 
w  •^^lic  acid).  The  residue  should  not  taste  bitter  (absence  of  caramel). 
'^^^r  vinegar  to  which  water  has  bi*en  addcnl  is  likely,  according  to. 
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thv  nature  of  the  water,  to  >h(iw  more  tlian  llie  visiuil  resiilte  on  tesi^ 
iriji  ibr  Hilnrides  atid  sulphates,  aiul  t^o  yield  iiotalile  tracer  of  lime. 
Mcjja.'jsief*  viiuvupar  i^enerally  yields  markiHl  intlieatious  of  lime  8ah;<  and 
a  more  or  le^s  pronounet^l  odor  of  rum. 


LEMON  JinCE  AND  LIME  JIHCE. 


i 


Leuion  juiee  is  the  expre>;siHl  juice  of  tin'  rijvr  jriiit  of  ('Uru^s  flmoitum 
It  is  a  sdiiH'what  turUid  yellowisli  liqiiiil,  witli  a  verv  aeid  taste  and  a        | 
sli^ljt   aj^rei-able   tnlor;  due  in  part   t<i   the  |m'senee  ui  a  small    trace  of        i 
volatile  oil  IVoin   tlie  rin<L      It  should  eoiiiain  alxait  7  to  10  per  ermt.        | 
tif  eitrie  aeid,  and  shoidd  yield  from  iloO  to  l,Oi>  |>er  eent.  of  ash.    Itn 
speeiiir  ^nivity  sliould   lie  not   less   than    1JK]0,  and   is  usually  alxwe^H 
I.M4n,      As  it  i^  ijuirk   t^i   under^^^it  ileetuupKyition    in   its   natund  <^m^^^H 
tlition,  a  nnmlMT  of  methods  have  hetii  projwvseil  for  its  pre.ser%^ation, 
the  Ix^^st  of  whieh  apjiears  to  be,  first  to  elarifv  it  by  mt^ms  of  stinnr];' 
ak*ijhol,  next  to  filter  or  deeauit  from  the  |»re<'i|)itated  mattei^,  and  then 
to  expel  the  aleohol  by  beat.      The  elenr  juiee  may  then  l»e  bottli'd  and 
sterilizeil. 

Lime  juic^e  is  the  ejc pressed  juiee  of  the  sonr  lime,  ('itrua  aeida,  antl 
of  tlie  sweet  lime,  (\  limt'Urt,     It  eontains  usually  sinnewhat  less  aeul 
than  lemon  juiets  anil  has  n  lower  sj>tx'ifie  gnivity.      It  is  prt^servt^l  by        ! 
the  same  methcnl. 

As  antiseorbuties,  lemon  juiee  and  lime  juire  are  of  about  equal  xiilm 
ami  iar  su|K'nor  to  vinej^ir. 

Adulteration. — Lt*mrm  jniee  is  mneh  more  subjfNjt  to  adnltemtion 
than  lime  jniee,  Ijut  lioth  are  i;d>itiHl  and  imitatc^l  extensively,  lii 
fact,  it  Mould  not  be  (»verstatin^r  tlie  ea^e  to  say  that  by  far  the  hir^er 
jmrt  of  the  lemon  juice  sold  iu  this  eunutry  is  wholly  fat-tit ious.  Com- 
monly, it  is  nc»thin;r  more  than  an  aqueous  dilution  of  ei trie  aeid  •  »onie- 
times,  it  is  Havonnl  with  oil  of  lemon.  Its  taste  is  murh  shar|>er  and 
less  a«rrembh'  thuu  that  r^f  tin'  ^inline  artiele.  Tlie  residue  is  verj^ 
different  in  eharaeter  and  apfieanuiee,  luid  h.^ives  praetii-jdly  nii  ash  on 
{^•-nition.  Other  aeids  ai-e  usc*fi  sometimes  in  plai-e  i>f  or  in  addition  l** 
eitrie  aeid.  The  one  most  eonmmnly  employed  is  said  to  be  tart;irie  ; 
this  is  det(M't4'd  readily  by  the  vrnidual  formation  nf  bitartrate  of  potas- 
sium on  addilitiu  of  the  aeetate.  The  mineral  aeids  aix*  said  tn  be  addi^l 
not   intmpiently  ;  they  are  detec*t<Hl  withtmt  diflieulty  iiy  the  eoniumn 
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SALT. 

The  best  grades  of  etimmon  sjdt  are  white,  dry,  trvv  from  dirt,  and 
it»mpletely  s<duhle  iu  water*  Many  sjieeinieus  of  gty^nl  (piality  eontain 
tniees  of  ehh>ride  of  nui<rnesiuni,  wfiieh  eanst^s  eakin^.  In  hnmid 
weatlier,  even  the  Uv^t  j^rade  of  sdt  abs<»rbs  nioistim^  siiflfieient  in 
amonnt  tt»  esmse  it  to  losc^  its  dry,  powdery  nature.  Tht'  addition 
uf  about  10  per  ef*nt.  of  (*orn  stnreh  serves  to  ke<'])  it  dry  and  |w>w- 
dered. 
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MUSTASD. 

Mustard  is  the  flour  of  the  seed  of  the  black  and  the  white  mustard, 

SiMLpis  niger  and  aS'.  alba.    The  first  mentioned  is  much  the  more  pun- 

jentof  the  two;  on  being  wet  with  water,  a  volatile  oil  is  developed 

Tffm  two  of  its  constituents.     The  white  mustartl  yields  no  volatile 

^  bv  this  treatment,  but  develops  an  acrid  principle.     Both  varieties 

^  seeds  contain  a  bland  fixed  oil  to  the  extent  of  20-25  per  cent.     As 

this  adds  nothing  to  the  flavor,  makes  grinding  more  difficult,  and 

exerts  an  injurious  influence  on  the  keeping  qualities,  it  is  removed 

[  Aom  the  whole  seeds  by  pressure. 

Mustard  is  largely  subject  to  adulteration  with  wheat,  rice,  and  corn 
;  ilour,  with  the  farther  addition  of  turmeric  to  restore  the  color  lost  by 
<lilution.  These  substances  are  detected  very  easily  by  means  of  the 
fflicroecope.  Furthermore,  since  starch  is  wholly  absent  from  pure 
mustard  flour,  if  a  small  portion  of  a  suspected  sample,  boiled  in  a 
little  water  in  a  test-tube  and  cooled,  gives  a  blue  or  bluish-black 
«olor  on  the  addition  of  compound  iodine  solution,  it  unquestionably  is 
adulterated. 

PEPPER. 

Pepper  is  the  fruit  of  Piper  iiigrum,  a  perennial  climbing  shrul). 
The  unripe  berries,  dried  for  several  days  after  being  picked,  are  known 
M  Black  Pepper.  The  ripened  berries,  dried  and  decorticated,  are 
kuown  as  White  Pepper.  In  the  powdered  form,  in  which  they  an* 
retailed  most  commonly,  both  are  adulterated  very  extensively  with 

;  substances  of  a  harmless  nature. .  These  include  ground  shipbread, 
<X)nuneal,  coooanut  shells,  rice,  buckwheat,  oatmeal,  mustard  hulls, 
eharooal,  olive  stones,  and  a  variety  of  other  substances  of  little  or  no 
value,  capable  of  being  reduced  to  powder. 

The  simplest  method  of  determining  the  purity  of  this  or  any  other 
form  of  spic«  is  to  reduce  a  specimen  of  the  genuine  unground  8ul>- 
^^ce  to  powdered  form  and  study  its  api^earance  under  the  microscope, 
*nd  then  to  compare  it  with  the  sample  in  question.  Each  kind  has  its 
characteristic  appearance,  and  so  with  a  little  practice  one  is  enabled  to 
determine  very  quickly  the  question  of  purity.  By  a  similar  study  of 
"*  microscopic  apiK>arances  of  the  common   adulterants,  these  may 

■  '^*dUy  be  identified  in  the  mixture.     The  chemical  analysis  is  intricate 
^^  tedious,  and  not  always  conclusive. 

CLOVES. 

^if)ve8  are  the  flower  buds  of  Euffvnla,  caryophyllata ,  picked  while 
^  ^nd  dried  in  the  sun.  They  contain  about  1 6  \wv  cent,  of  volatile 
,  *  Easily  removed  and  of  considerable  value.  In  the  {X)wdered  form, 
I  ^*^«   are   adulterated   commonly   with   allspice,   clove    stems,   si)ent 

^^^  coooanut  shells,  and  other  worthless  matter.  The  preseiun*  of 
*^^t  cloves  can  be  determine<l  only  by  estimation  of  the  amount  of 

*^tile  oil  present.     Clove  stems  show  microscopically  a  very  large 
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pro}X)rtioD  of  the  so-called  stone  cells.     Other  substances  are  detecftil 
in  the  mjinner  described  under  Pepper. 

CINNAMON  AND  CASSIA.  1 

Cinnamon  is  the  inner  bark  of  Cinnamomum  zeylanicum.  Cassia  i»  i 
the  bark  of  several  species  of  Cinnamomum.  In  the  unground  ^sAn, 
cinnamon  is  thin  and  delicate ;  cassia  is  thick  and  comparativelj 
coarse.  Cinnamon  is  the  richer  in  volatile  oil,  and  for  this  reason  and 
because  it  is  found  much  less  abundantly,  is  considerably  more  expeiK 
sive  than  «issia.  Ground  cinnamon  is  practically  never  found  in  d» 
market,  the  substance  sold  under  that  name  being  almost  invariablf 
cassia.  The  conmiou  adulterants  of  cassia  include  ground  shipbread^ 
nut  shells,  and  cedar  sawdust. 

ALLSPICE  OB  PIMENTO. 

Alls])ice  is  the  dried  unripe  berries  of  Pimei^ta  officinale.  Althoogk 
one  of  the  chejipest  of  spices,  it  is  adulterated  extensively  with  grooDl 
shipbread,  charcoal,  nut  shells,  clove  stems,  and  mustard  hulls. 

GINGEB. 

Ginger  is  the  rhizome  of  Zingiber  officinale.  It  is  one  of  the  most 
commonly  adulterated  of  condiments.  The  substances  used  inclnde 
gn)und  shipbread,  rice,  mustard  hulls,  cayenne,  turmeric,  commcal, 
clove  stems,  and  exhausted  ginger  from  the  manufacture  of  the  tinctnre. 
It  is  very  rich  in  starch,  which  is  differentiated  easily  from  other 
starches. 

NUTMEG. 

Xntmeg  is  the  inner  kernel  of  the  fniit  of  My ristica  fragrans,  Iti» 
not  ci^nunonly  sold  in  the  iK)wdereil  condition,  but  when  so  sold  is 
generally  adulterateil  with  the  substances  used  as  admixtures  of  other 
spi(TS. 

MACE. 

Mace  is  the  dried  membranous  covering,  the  arillode,  of  the  nutmeg. 
It  is  adulterateil  with  wild  niact*,  c<»rnmeal,  and  other  chaip  maleriak- 

CAYENNE  PEPPER. 

Cayenne  is  not  a  true  pep|HT,  but  the  powdered  pods  of  several 
species  oi'  (V/yWfvn/i,  including  (\  (tnninon  and  C.  fastiffiatum.  Ite 
apix'annice  under  the  niicroscH»{H>  is  very  characteristic.  The  commoO* 
i»st  aduhenmt  is  cornmeal.  Among  others  are  rice,  mustard  hulls 
turmeric,  and  ground  shipbivad. 

BAKINO  POWDERS. 

Tiiking  powders,  like  condinicnts,  nrc  in  no  sense  foods,  but  bein 
employiil   in  the  preiuiration  of  hrcnd,  in  which  are  retained  the  ulti 


BAKING  POWDERS.  207 

irtB  products  of  the  reactions  of  their  oomponent  parts  upon  each 
Iker,  they  are  of  hygienic  interest.  They  are  employed  for  the  produc- 
UD,  within  a  short  time,  of  a  result  which,  when  caused  by  the  action 
i  yeast,  is  only  slowly  brought  about ;  namely,  the  leavening  of  bread. 
Inst  produces  the  leavening  gas,  carbon  dioxide,  through  slow  femienta- 
ion  of  a  part  of  the  carbohydrates  ;  while  with  the  use  of  baking 
pvffders,  this  gjis  is  disengaged  as  a  result  of  chemical  action  of  one  of 
le  coastituents  upon  another  in  the  presence  of  moisture,  and  chemical 
iritetances  foreign  to  yeast-leavened  brt^ad  are  left  as  a  residuum  in  the 
amd.  Whether  this  residuum  is  objectionable  on  the  score  of  its  in- 
Inence  upon  the  system,  depends  upon  the  nature  of  the  ingredients  of 
the  powder ;  but  aside  from  the  question  of  disadvantage  or  inferiority 
30  this  account,  it  is  a  fact,  generally  acknowledged,  tluit  braid  made 
tith  baking  |>owder  is  lacking  in  a  c(»rtain  agrecuible  flavor  develo[)ed 
by  the  action  of  yejist. 

Baking  powders  are  combinations  of  an  acid  or  acid  salt  with 
ndiiun  bicarl)onato  in  about  the  proper  proportions  for  chemicjd  union^ 
logether  with  an  amount  of  starch  sufficient  to  keep  the  ingredients  in 
a  dry  state,  and  hence  mutually  inactive.  When  the  combination  is 
introduced  directly  into  the  flour,  and  water  is  added  to  make  the  dough, 
tlie  reaction  oc^curs  and  carbon  dioxide  is  set  free.  They  are  known, 
KOordiDg  to  the  nature  of  the  acid  salt,  as  tartrate,  phosphate,  and  alum 
powders.  Tartrate  powders  are  made  usually  with  '*  cream  of  tartar  '* 
(potas-sium  bitartrate),  but  occasionally  with  tartaric  acid,  which  is  not 
wihr  more  exjxjnsive,  but  is  objectionable  from  a  practical  standpoint 
on  account  of  its  readier  solubility,  which  causes  a  too  rapid  evolution 
of  gas.  The  reaction  which  occurs  between  |x>ta88ium  bitartrate  and 
wdiura  bicarbonate  has,  as  results,  carbon  dioxide,  water,  and  potas- 
Mwn  sodium  tartrate,  or  "  Rochelle  stilt"  ;  as  follows  : 

The  commercial  advoctites  of  other  kinds  of  powders  dwell  upon  the 
undesirability  of  aperient  substances  in  bread,  but  the  residuum  of 
Koebelle  salt  in  the  amount  of  bread  whicli  one  could  eat  in  a  day 
'^ould  be  verj'  much  under  the  minimum  dose  from  which  any  results 
<^  be  expected. 

(Veam  of  tartiir,  as  retailed,  is  adulterated  very  commonly  with  gy|>- 
"'um,  chalk,  alum,  and  starch  ;  but  as  furnishcHl  to  the  manufacturer  by 
^he  refiners,  it  contiuns  but  a  very  small  jXTcentage  of  a  normal  ini- 
pMity,  tartnite  of  calcium.  The  usual  chemicid  tests  and  microscopic 
examination  reveal  fraudulent  adultenition  very  (juickly.  GcmkI  s|x»ci- 
Bjens  contain  at  least  94  per  cvnt.  of  bitartnite ;  an<l  2  decagrams, 
^"*8oIvecl  in  hot  water  and  titrated  with  d(H?i normal  so<lium  hydrate, 
'^uire  for  complete  neutralization  not  less  than  10  nor  more  than  10.(> 
^'  The  presenc4?  of  a  small  amount  of  tartnite  of  calcium  is  of  no 
*^itary  importance  whatever,  statements  to  the  contrary  in  advertising 
^ttfer  notwithstanding. 

The  phosphate  powders  are  made  with  acid  phosphate  of  calcium, 
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whioh  cniUaiiLS  onliimrily  muve  tn^  lt»ss  .sulphate*  as  a  natuTtil  imparity. 
The  react  inn  witli  wtxlimu  biearbunatc*  is  expresHtd  a,s  follows  : 


CaHv(P<\)jT  2NaHa)j,-  CaHPt»,      NaJiPt >, -^  2CO, 


2HA 


There    is    ni>   well-grouuck^l   i^bjwtioij    to    tlie    nse   of   this   class    of 
jmwdens. 

A  him  powile^rs  are  matle  usually  with  smla  ahmi  anc]  a  ver}'  larjji* 
aiiirnmt,  frwjuently  as  higli  as  ">()  |)er  rent*,  i^f  stareli  **  tilling,*^  Their 
leavening  power  is  almost  iu variably  tar  iM^hnv  that  of  tartrate  aiid 
phosphate  powdcn^  of  goml  quality.  The  ehea{>e8t  class  of  iMJwders 
the  sale  of  wliicli  is  pnniioteil  by  gifts  or  **  j>reiniiims "  of  eh«i|i 
t!nx*kery  and  glass,  arc  made  with  alum  :m<l  the  maximimi  amount  of 
tilliug.  The  reaction  betwn-u  aliuu  and  sodium  biciirbonate  h 
expressed  as  follows  : 


Ntt.AljiSOJ^  ,  6NaH('U,:r.  AU)^H«      4Xa,S(_\4  6CO^ 


Wlicther  the  alnm  exerts  any  injnrions  efftn^t  u|>oii  the  bn^d  itselu 
aud  whether  the  resulting  hvtlrate  or  any  ext*css  of  alum  has  any  siini- 
tary  importance,  a iv  qncstitms  which  have  be<'U  the  .subjt^ct  nf  extensive 
coutroversy.  Without  rt*pr*Khu*ing  the  arguments  and  claims  of  both 
sides,  it  shotdd  be  said  tbat  the  weight  nf  scientific  evidcuce  is  deciiletily 
agsdnst  the  employment  of  alum  in  the  makiug  of  bread*  Some  of 
tbnM'  who  Ijelieve  aliinvitra  to  be  harmless  in  the  am<*unts  consimuHl, 
regard  powders  contjiiuing  both  alum  and  i>otassiuni  bitartratc  as  highly 
ohjeetiouable,  the  ermiplcte  |ireeipitatioii  of  alumina  being  prevcntcnh 
Powders  eontaiuing  alum  and  arid  phospliatc  are  lield  also  tn  be  (»bjfv- 
tionable,  un  account  nf  the  formatiun  nf  aluminum  phosphate,  which  is 
supposed  to  inhibit  gastric  digestion. 

In  addition  tn  s<»dium  biearbonate,  ammonium  <-arbonat€  is  used 
more  or  less  as  a  snurcc  of  leavening  pis.  While  this  agent  when 
administered  thcnijMHitically  may  exert  a  markt^l  temjiorary  influence, 
the  amount  used  in  baking  powders  is  U\u  small  tn  bt*  hurtful  to  the 
system. 

The  amount  of  starch  filling  used  in  making  baking  powders  is  verj' 
variable.  The  best  grades  eontain  (*onsidembly  under  20  j>er  cent,, 
and  anything  c»vtT  that  afnount  may  rightly  [►e  regarded  as  in  the 
Qature  of  unnei^ssarv  and  fraudulent  dilution. 
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Section  7.     FOOD  PEESERVATION. 

Fo<h1s  of  a  |)erishal)le  nature  are  prescrvctl  in  many  diflerent  ways, 
but  not  all  metlnxls  aiv  equally  applic^ihle  to  all  foofls.  Thus^  freezing 
^nd  salting,  while  well  suitc<l  to  meats  and  fish,  mn  hardly  l>e  eniployed 
with  fruit  and  vegetables  ;  and  preservation  in  sugar  syrup,  while  well 
adapted  to  frtuts,  is  not  suited  to  meats.  The  mcthod^  in  gtmeral  use 
include  the  employment  of  low  temjKTatures,  desiec^ition,  salting, 
smoking,  eanniug^  aod  chemical  tnntmcnt. 
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Oold. — For  the  l^est  results  of  preservation  by  cold  it  is  not  always 
sential  that  the  food  shall  l)e  frozen ;  but  unless  the  temperature  to 
hich  it  is  exposed  is  near  or  below  the  freezing-point,  the  influence  is 
nly  temporary'.  Packing  in  ice  serves  very  well  for  short  ])eriods  to 
tup  meats  and  fish  through  long  distances,  and  to  keep  them  in  satis- 
■etorv  condition  for  reasonable  periods  in  the  homes  of  the  consumers, 
there  are  several  methods  of  applying  cold  on  a  large  scale  in  cold- 
Morage  warehouses,  ocean  steamers,  and  public  markets,  the  principal 
ne  being  known  as  the  ammonia  process,  by  means  of  which  any 
faired  temperature  down  to  0°  F.  may  be  obtained  with  but  slight 
loctuation,  provided  the  walls,  floor,  and  roof  of  the  space  occupied 
ire  rendered  non-conducting  by  hair-felt,  air  spaces,  and  other  means. 
Heats  and  fish  are  preserved  indefinitely  and  without  deterioration  when 
frozen,  but  should  not  be  allowed  to  thaw  and  freeze ;  eggs  and  fruits 
BUiy  be  kept  many  months  in  dry  air  at  just  above  the  freezing-point. 

The  advantages  of  cold  as  a  preserving  agent  are  that,  unlike  any 
oflier,  it  involves  neither  the  abstraction  of  any  constituent  of  the  food 
nor  the  addition  of  any  foreign  matter ;  it  neither  imparts  a  new  taste 
nor  alters  the  natural  flavor ;  it  causes  neither  a  loss  of  nutriment  nor 
AminLshed  digestibility ;  and  on  the  withdrawal  of  its'  influence  the 
material  is  left  in  its  original  condition.  It  should  be  said,  however, 
that  after  restoration  to  the  natural  condition,  the  keeping  qualities 
appear  to  be  somewhat  impaired,  and  in  consequence  the  material 
•hould  be  used  within  a  shorter  time  than  is  the  case  with  similar  fresh 
fcod  that  has  not  been  frozen. 

Drying. — Drying  is  efficient  according  to  the  thoroughness  of  the 
process.  The  method  is  not  so  well  adapted  to  meats  as  to  vegetables, 
«nce  it  loads  to  more  or  less  loss  of  the  natural  flavors,  which  are  likely 
to  be  replaced  by  others  less  agreeable  in  character.  Dried  meats  are, 
moreover,  considerably  less  <ligestible  than  fresh  meats.  When  thor- 
oughly dried  and  properly  ston^l,  both  meats  and  vegetable  products 
^n  be  kept  without  limit  of  time.  Drying  does  not  insure  safety 
^inst  parasiu^s. 

(Uting. — In  the  process  of  salting,  the  soluble  organic  constituents 
of  meat  and  fish  are  removeil  in  large  part,  and  the  fibers  become 
hardened.  The  nutritive  value  and  digestibility,  therefore,  are  dimin- 
whed  correspondingly.  Brine  siilting  of  fish  is  one  of  the  oldest  proc- 
K*s  of  preser\'ation  known. 

Smoking. — Smoking  consists  in  exposing  the  meat  or  fish  to  the 
otion  of  the  smoke  of  wo(k1  fires  after,  as  a  rule,  a  preliminary'  salt- 
3g.  The  exposed  material,  alre^idy  deprived  of  part  of  its  natural 
lowture,  l)ecomes  drie<l  still  farther,  and  is  pirtly  |K»netrdted  by  acetic 
id,  creosote,  and  other  preservative  elements  of  smoke.  In  tlu^ 
lick  smoking  process,  the  meat  is  brushed  over  with  or  dip|K»d  into 
roligneous  acid  at  definite  inter\'als,  and  finally  dri(M:l  in  the  air. 
Oanning. — In  1804,  M.  Apix^rt,  of  Paris,  discovered  that  mejits  and 
ler  foods  in  sealed  vessels  would  kcK'p  indefinitely,  if,  after  being 
ded,  they  were  kept  for  an  hour  in  boiling  water.     In  1810,  he 
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intnKluwd  the  nietliml  of  i^oaliiif^  the  vessel  after  the  heatiug  proceisi? 
has  driven  out  tlie  iklr  and  iT|jlaewl  it  with  steam,  so  that  when  cooled 
a  vsKMium  is  fornK*d.  At  tlie  }iivsent  time,  the  ehief*  nietlitw]  fuHowed 
is  to  pack  the  cans  Tnll  and  c^h^se  tliein  t*fanp!etely,  exci'ptiiii;  a  i*mall 
hole,  then  to  sultjei't  thorn  to  the  temjK^rature  of  hoiling  wat^r,  c*r 
hicjhei%  and  to  close  the  hi>le  with  sokler.  They  are  then  reheated  and 
finally  allowed  to  ecjoh 

Miicii  iias  Iw/en  said  for  and  a^'ilia^t  this  nieihod  of  preserving*  fotnls. 
The  chief  ol>je<:*tious  have  Ix^en  that  the  natural  ii(*ids  of  the  fcMjtJs  may 
eorriKJe  the  inner  ssurfaoe  of  the  cans  and  form  metallic  salts,  and  that 
terne  plates,  that  is  to  .say,  slii^et  iron  or  steel  coat<Hl  witli  an  alloy  of 
two  jiiirts  of  lead  to  fjue  of  tin,  jnay  hv  nsnl  instead  of  tlie  best  quality 
of  tin  plates.  As  to  tlie  latter  ohjeetioii,  whih?  there  is  in  this  country 
uo  legal  restriction  as  to  the  cliaraeter  of  the  tin  emjiloyed,  it  is  a  fact 
that  terne  platen  are  mn^er  use<l.  \Vith  regaitl  to  the  pf>s.sibility  of 
eorrosicni  iif  the  metallic  snrfaee,  it  must  he  atlmitted  that  n*>t  ordy  the 
very  acid  foods,  hot  even  tli<^se  whirh  are  neutral  and  even  alkaline  in 
reiiction,  idnmst  invanahly  wilt  yield  tnnvs  of  tin  ;  l)Ut  there  is,  at  the 
same  tinn^,  absolutely  no  evidence  that  the  small  amount  present  in  the 
entire  eonten'ts  of  a  can  is  ca|Ttable  of  causing  the  sliglitest  injury. 

There  are,  it  is  truc\  munerons  cases  of  pruMHiing  reported  as  due  to 
metallic  coiitaminutinn  <»f  t*;»nnetl  f(HKl^,  but  not  one  of  those  which 
have  fallen  under  the  view  of  the  author  will  stand  the  test  of  exclu- 
sion of  other  ]H>ssihle  and  more  prolmble  causes.  Of  the  small  amounts 
fif  tin  found  in  aiimed  foods,  Profcssia*  Attfield  Siiys  that  they  aiv 
undeserving  of  serious  uotJee,  and  he  *piestioMs  that  they  represtiit  the 
amount  regulnrly  worn  off  of  tin  saucepans  and  kettles^  Furthermore, 
it  h  the  nearly  unanimous  opini<m  of  wTiters  of  works  on  toxicology 
that  the  only  compoinids  t>f  tin  that  are  in  any  way  poisonous  are  the 
clilori(k>,  and  ev(*ii  tlicsf  are  ignore<l  completely  by  most  of  tlie  lead- 
ing nuthoritics. 

On  the  other  hand,  there  is  no  limit  to  tlie  testimony  regarding  the 
XGTy  grciit  value  of  canned  foods,  es|H'cjatly  in  militarv'  oj^cmtions  on  a 
large  s<tik%  and  in  expeditions  of  various  kinds  away  fr(*m  market  cvu^ 
trcs  and  other  sources  of  supply.  Lieutenant  (trcely,  I>r.  Xauseii,  imd 
other  Arctic  explorers  are  unanimous  in  their  praise.  Greely,  for  I'X- 
ample,  says  :  *'  No  illness  of  any  kintl  iMH_*ijrrcd  prior  to  our  retreat,  an*! 
those  most  inclined  in  cjinnc<l  fruits  ami  vegetables  were  the  healthiest 
and  stnuigest  of  the  jtartvJ'  Lonl  W'olseley,  in  speji king  of  their  n^e- 
fulness  in  hot  climates,  says  that  '*  linutHl  jvrovisi*»o>,  meat  or  vegetaljk^v 
put  up  sejiimitely  or  combined  in  the  fc*riu  of  soups,  an*  practically  un- 
damageahle  by  any  elimati*^  heat  **  pn)vidcd  they  are  of  the  best  quality 
and  have  been  pro|>erly  eooketl  and  enclosMl  in  |x,*rfec'tly  sound  air- 
tiglit  tins.  **(iivcn  tliese  e«mditi«uis,  nothing  can  be  more  admirable; 
failing  them,  nothing  nu^re  deleterious/'  In  military  o|Mn*atiims  in  the 
tropics,  where  l>eef  e^ittle  ciinuot  Ije  taken  along  on  the  hoof  and  re- 
frigerate<l  beef  {^innot  he  tniusp4)rt(Hl  overland  on  account  of  spi^c^dy 
deconipositii>u,  eanued  meats  art*  indispcosahle. 
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How  lon^  pmiKirly  cnimiHl  tuiwls  will  remain  m  ^ood  eciiulition,  can 
lianlly  l>e  iletenninal,  Init  the  t^vi^lt'iicr  at  hamt  jHiint."^  to  iiuletinite 
pre?^rvation.  In  1824,  aeo(fniiu)^  to  I^»thfe*l>>\  a  iiiiniber  ol*  tiihs  »it' 
fniittnii  wort'  iust  ashore  fn)tii  tlir  svrwk  ot*  a  sliij>  at  Priuc»e-s  Inlet  ; 
eight  year?*  luler,  they  wcnv  found  hv  Sir  John  Koss,  and  those  whii-h 
he  i»pentil  \\vi\^  in  ^rnud  t'oinlition,  althou^li  exjHisiHi  ilnrint^  this  tirut? 
to  altcrnat*^  freezing  and  tliawing.  Sixtcrn  yrars  idU'rward,  they  a^r^iin 
were  found  by  men  from  tlje  ship  InnHthjaior ;  and  in  18fi«S,  t'orty-four 
years  from  the  time  they  were  ea?^t  ashore,  the  reniainint^  tins,  f»jK»ne<l 
l>y  I*i*thehy,  weiv  forind  to  he  in  a  |KTfeetly  stmnd  ^tate.  Tynflall ' 
makes  mention  of  tins  in  the  Royat  Institntioii  tliat  had  remained  in 
gcKKl  eomlition  sixty-three  yi'ars. 

Pn>fc4NS<jr  A,  H.  Chester,  of  Hand  I  ton  O^llege,  relates  that  in  the 
isunimer  of  187'^  he  hid  a  nuinlKT  of  eans  of  eorned  iR'cf  nnder  a 
}*ihiriip  in  woods  in  tlie  nortlurn  ]iart  of  Minnesota,  a Jid  tive  yrars  later 
fonn<l  them  to  he  perfeetly  sweet,  aIthoni»:li  tliey  liad  been  exposed  to 
I  lie  heat  and  enid  of  five  sneeessive  summers  antl  winters.  Agsiin,  a 
nnnd>er  of  mns  of  meat  and  frnit,  wusIrmI  into  the  Gene^see  River  in 
isiiTj^  were  dug  ont  of  the  mnd  sixteen  years  later,  and  ioniKl  to  be 
iinahered. 

It  Is  an  nnf»»rtunate  faet  tliat  the  eiipidity  of  some  of  onr  lar-giest 
juiekinjL^-honse.^  h:is  It^l  to  the  nmning  of  what  is  piiietieally  refu.se 
nie:itt  fn*ni  whirh  the  eini^titueiits  to  which  the  desindd*-  flavor?-,  arc* 
due  have  bey n  extnieted,  and  that  \\\  eonsec|nenee  the  pnlilie  miiiil  has 
largely  InM-ome  inibucHl  with  a  prejudiei-  against  eanntHl  meats  in  gen- 
enii.  But  it  i.«  not  ah^ne  in  this  eountry  that  eannefl  raeiits  are  8ome- 
tirni'S  not  what  they  purfiort  to  lie.  It  is  related  that  in  Fninee,  in 
1><9J>,  a  pjieker  of  meats  was  sentene*'d  to  pay  a  tine  and  to  j^erve 
eijrht  months  in  jrris»m  i'nr  ptiltini:  n|*on  the  market  an  immense  amount 
of  caune<l  y:^\mv  and  poidirx ,  all  of  wliieh  had  been  matle  from  the 
flesh  r>f  broken-*Iovvn  eab  horse.«. 

Chemical  Treatment. — Chemical  preservatives  are  sul>stanees  or 
eiirrdnriahons  addi'd  to  tlxMls  with  the  objeet  of  delay int^  nr  preventing 
their  deeonj|Hisitinru  They  an'  nst^l  on  the  assumjitiun  that,  while 
they  aee*)mplish  the  dL*sireil  objeet,  they  an*  inea[>ahlc^  4if  exerting  any 
barmfnl  intlnenee  n|iMn  the  system  of  the  <'ousunier^ — an  assunqition 
that  ha>  not  been  demount  rati "d  as  bused  on  sound  reasoning.  It  is 
sisraiiTKHl  that  bad  etliH*ts  eamiot  be  eanse<l,  Ixvause  thev  are  not  mani- 
fest chI  at  r>nee  alter  the  ingt^tion  of  small  dose?^  by  jKM>5(ms  in  gtMxl 
health  :  luit  tliis  is  no  proof  that  eiaitimierl  use  may  not  result  \n  serious 
tnnible  vvhieb  may  lie  reterre<l  to  some  other  pjssible  «ins4\ 

tt  is  Slid  tliat  the  jireparatiims  omplttyiHl  are  in  eomnum  use  a.s 
valuable  renn^lies  in  the  treatment  of  tli(^  >iek  ;  but  it  >liould  Ik*  taken 
into  consiileratifm  that,  when  ushI  as  remedies  in  morliid  eonditifUis» 
they  are  given  for  only  a  limited  time,  for  the  purjM^sc-  of  r*ounteraeting 
alnvornyil  intlueneo,  and  that  the  doses  are  regulated  earefully  under 
jirDjM»r  professional  supervision.  Their  aetioii  in  eonditions  of  heidth 
»  FLjiiting  Matiti>4  in  tlit^  Air,  New  York,  1S82,  p.  2911 
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and  disease  uniy  be  very  diflTerent ;  \mi  whether  so  or  not,  one  ain  find 
no  e3Ecu.se  for  the  ingestion  of  cnnitive  renn^ies  by  a  pei^on  in  a 
state  of  hejiltli^  who8.e  jsy.stein  neinls  im  such  aid,  for  indeHnit<»  jteriiKk 
and  with  n<i  ivi^uljition  cd*  tbe  size  of  the  tlose.  Sidiryhi-  and,  fi»r 
example,  is  a  renuHly  holdin*r  a  hi^h  positjon  in  the  treatment  of  rheu- 
matism, lait  its  vahie  in  this  eouilitioii  is  no  yahd  excuse  for  it.s  admin* 
isfmtion  day  in  and  day  ont  tn  tli*i>ie  who  never  have  felt  the  twinges 
and  pain  uf  this  distiis*'.  It  is  niiieh  moix*  resisonabk^  U>  assume  that 
drngs  vvhi<'li  exert  a  ptnverful  ioHiienee  fur  gtMnl  in  morbid  statet^  will 
exert  an  eijual  degiTH."  of  intlueuet*  for  harm  in  txintlitions  of  hesihh, 
More<3Ver,  it  is  U)  be  c^msideivd  tliat  the  objeet  nf  eheniieal  tiratnient 
of  foods  is  not  to  benefit  the  urn'onseions  eonsnmer,  hut  tu  bring  the 
hirgest  jKissihh*  tinaneial  retiu'ti  tu  the  manuJartiirer  and  purveyor,  tn 
whtmi  the  health  <»f  thr  ron^mvier  tjmy  be  a  mattrr  nf  little  eoncrnu 
In  all  faimess  to  the  e^aisnuier,  ehemieally  pnjserved  I'immIs  should  be  s<» 
laMlec!  that  the  purehasi^r  may  be  inl*rirme<l  of  tlie  nature  and  arnonnt  i>f 
the  added  suhstanei',  hi  that  tlM>s<Mvho  nbj<H*t  to  the  dietetic  use  of  drugs 
may  not  have  the  sanu-  foreed  ujnm  them  without  their  knowledge. 

The  addition  of  preservative's  to  f<HKls  otfc>reil  Ibr  side  i-  forbidden  in 
almost  all  eiyilized  eiauitrics,  and  several  governments  have  enacted  hxvk's 
8jK'eially  diriM^ed  aLraiust  individual  drugs.  Thus,  France  names  borie 
aeid,  bfuiix,  silieylie  aeicl,  and  scwiiuui  hisuiphite;  Austria  names  sidi* 
4*yl[e  tici<l  ;  (iermany  pi'ohil>it>  all  :iutise|ities,  aiul  espe*iidly  horie  aeid 
aud  homte.s,  and  iunjosus  ailditioual  jK'nalties  Ibr  the  side  of  ehemieally 
preseryetl  frMxls  to  the  navy.  Massaehusetts  pndiibits  all  p reiser vativesi 
exwpt  salt,  sugar,  niter,  viuegsir,  and  alcohol,  unless  the  ptnx'has€*r  is 
inibrrucd  of  the  nature  of  the  substance  used.  In  Juilk,  all  pi^eserva- 
tives  whats(M:ver  arc  prohibited   uncouditioually. 

The  substances  useil  as  ehemii"al  ]U'eservatiyes  inehide  Imu'Ic  acid 
ami  borax,  sidicylii'  acid,  sulpluu'ou>  aeid,  sulphites  and  sulphates^ 
iH'nzuie  acid,  fornnildchydc,  hydrop  u  jM'roxith',  so<lium  tluni'ide.  ii\A 
withers  of  minor  importame.  Many  of  the  ciunmc!*iiiil  pre|wirations  in 
comnnm  use  are  emnhiuatifuis  of  two  or  more  of  these  and  other  suX^- 
stances.  Thus,  Viuuke  and  Sehfvrer  '  repirt  the  iiigrtHlients  of  38  nu^it 
pn*ser\*atives,  analyzetl  l>y  them,  us  foHows  ;  Sjilt,  sugar,  and  salr|M'ter, 
(1);  salt  and  srnlium  sulphite  uufl  sulpliatc  (4);  stwlium  sulphite  and 
sulphate  (4)  ;  the  siune,  plus  sugiu'  and  sidt  (1);  salt  imd  sodium  hi- 
<'arl>onate  and  nitrate  (1);  salt,  lnvrie  aeid,  salti>f>ter,  and  s*Kliyni  »iiU 
phnte  (*?)  ;  ssdt,  Imric  aeid,  and  siMltum  sulphate  (1);  salt,  Inirie  aeid, 
gypsum,  and  sotlium  sulphate  ( 1)  i  salt  and  horie  aci<I  (6)  ;  salt,  salt- 
j>eter,  siKlimu  and  mlcium  sulphates,  uml  eiHliiueid  (1);  salt  and  lK»t^ix 
(1) ;  s;dt,  borax,  aud  siiltpeter  (2)  ;  salt,  borax,  antl  sodium  nitrate  (2)  ; 
mlt,  Iximx,  stxlinm  and  ealeiimi  sulphates,  and  salieylie  aeid  (1 ) ;  borax 
ami  sugin'  (2).      The   rest   cnuisisttHl   of  single  suljstanees. 

A  linage  |U'op>ition  of  24  meat  |>reservatives  exaniiruxl  by  Kamnierer 

weit'  Ibund  to  be  mixtures  of  Inirax  aud  borie  aeid,  and  bonix  and  s<:>- 

dium  sid]>hite  ;  .'U  others  cxaudned  by  Kionka  were,  as  a  rule,  sixlium 

'  Deutwhe  Fleischerzeitnng,  1893,  XXL,  No*.  20,  21,  and  24. 
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Iphite  and  sulphate,  but  14  liquid  preparations  consisted  chiefly  of 
'^nnm  sulphite  and  sulphate,  and  sodium  sulphite,  bisulphite,  and  sul- 
Kirchinaier  has  rt»ported  one  as  consisting  of  salicylic  acid 
sodium  salicylate  and  phosphate.  Polenske  found  boric  acid 
nt  60  |)er  crent.),  saltpeter  (about  12—14  per  cent),  sugar,  salt,  and 
salicylate  (about  7.50  per  cent.)  in  a  si)ecinien  of  sausage  salt, 

tin  a  number  of  other  prejwirations  sold  under  fancy  names.     Of  7 

meat  preser\'atives  examined  by  him,'  one  contained  salt,  sodium 

bite  and  sulphate,  iron  chloride,  and  vanillin,  and  the  rest  were 

nbinations  already  deseribeil. 

A.  C.  Chapman^  has  re|)orted  a  most  extraonlinary  (H)mbination  of 
^bminuin  sulphate,  suit,  sodium  nitrate,  lK.*nzoic  acid,  i(xlic  acid,  sul- 
^rous  acid,  and  chloral. 

Another,  examined  by  Tollner,  proved  to  be  ammonium  bromide, 
(foriearid,  lM>nix,  and  sugar.  Another,  known  as  "  Mayol,"  contained 
toDod  alcohol,  ethvlic  alcohol,  boric  acid,  anuuonium  fluoride,  and  glyc- 
Mi.  Meats  preservtnl  by  means  of  it  are  said  to  show  no  trace  of 
loric  acid  or  ammonium  fluoride  beneath  the  brown  coating,  which 
Pbrms  to  a  depth  of  a  millimeter. 

In  this  nmntrj',  the  favorite  mixture  is  one  of  bonix  and  boric  acid, 
isd  this  is  sold  under  many  different  names. 

Boric  Acid  and  Borax. — These  substances  generally  are  used  together, 
fcr  the  reason  that,  although  the  acid  has  greater  power  as  an  antiseptic 
Am  the  salt,  the  combination  of  the  two  is  still  more  efficient.  It  is 
•wd  very  largely  in  butter  to  the  extent  of  about  a  tenth  of  an  ounce 
Id  the  pcmnd,  and  is  dispensed  with  a  generous  hand  in  oysters,  clams, 
md  other  fish,  in  sausages  and  other  meat  products,  and  in  milk. 

With  regard  to  the  effects  of  boric  acid  and  borax  on  the  system, 
Acre  is  a  <lecided  difference  of  opinion  am(»ng  those  who  have  investi- 
Brted  the  subject,  but  it  should  l>e  said  that  a  number  of  the  reports 
fiivonible  to  the  use  of  these  agents,  published  by  commercial  houses, 
><^g«*t  that  the  conclusions  arrived  at  wen*  inspired  somewhat  by 
iwDcial  considerations.  Our  knowle<lge  of  possible  ill  effects  is  de- 
nve<l  chiefly  from  the  clinical  experience  of  those  who  have  used  the 
«rogs»  internally  and  as  washes  and  injc^ctions.  It  is  a  fact  that  many 
pit^eDts  «m  take  large  dosc»s  of  both  snbstanc(»s  for  long  periods^ 
^h  no  apparent  hann,  but  it  is  ecjually  true  that  small  doses  ancj 
wl  applications  have  been  a  frecpient  cruise  of  serious  and  even  fatal 
^l^lfc*.  Desiths  have  l)een  reported  from  the  use  of  5  |kt  cent,  solu- 
WD8  in  washing  out  the  pleund  cavity  and  lumbar  abscesses,  and 
^m  washing  out  a  stomach  with  a  solution  of  half  that  strength.. 
J»Uffierr>us  cases  of  troublesome  cutaneous  eruptions  and  of  serious 
l?tetro-intestinal  disturbances  following  internal  and  external  use  have 
WM  reported  within  recent  yejirs.  Plant  ^  has  shown  that  internal  use 
BWy  be  followed  by  acute  parenchymatous  nephritis,  and  his  conclusions 
kive  been  endorsed  by  the  experience  of  F6r{»,  mentioned  below, 

*  Arbeiten  aim  dem  IcaiHerlichen  (Tesundheitiiainte,  VIII.,  p.  (iSO. 

*  AittlvHt,  Dec.,  1898.  '  Inau^iral  diHsertation,  Wiirzbiirg,  1889. 
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In  1876^  th('  n<] mixture  nf  borax  to  Imtter  was  fiatidioned  «»rttfbtll 
in   Franei' ;  but  sevoii   Vfuis  later,  a  n>niriiittw  of  scienti^l>,  who  aj 
vt'sti^attsl  the  mutter  witli  ^iviit  eiire,  eimebiilt^l   that  e<intiiiud  ii^ 
tiou  IS  likely  to  cause  Heterioniti(HJ  of  tlie  bt»Mxl  eorpn^scles ;  mid  i 
soniewhitt  later,  this  tiiuling  was  confiniunl   Uy  th<^*  invt'stipations  ( 
l^iiji'hel,  tbt*  use  of  Uvrax  was  |tn(hibitc*«I  by  the  governriicnt»  ihH< 
in  butter,  bnt  in  all  artiek^s  of  JoikI.     In  KS**!,  the  snh|4.Tt  was  yn 
by  the  Kensington  A'^eistry  to  8ir  Andrew  Clark,  Sir  Heun'  Thoinp 
and  Professor  Ijander  Rrunton,  who  tHin<ninHxl  in  pronfauiein^lxmcs 
in  largt*  doses,  or  in  small  tloses  tak<*n  ihr  if>n^  periods,  as  ilan^«'n»u- 
health.      The  Loral   *  iMvi'mrnent    ll^iard,  in  1 -SHI,  report  til  that.  n^IJ 
larj^e  doses  are  undtuilittHlly  injurious,  they  had  luit  sufficient  evklei 
to  hold  that  miutite  aruoinits  addwl  to  fotnls  eaii  nifeet  the  fi\>teni  bn 
ftiUy. 

As  is  well  known »  lK>nix  has  liL^en  umhI  extensively  in  the  treati 
of  e|nle[>sy  iumI  other  diseases  of  tlu'  nervous  system,  Pn»te»'^or  H.  ( 
Wood  states  that,  in  Ins  experienee,  the  most  marked  ivsnll  fromji 
use  in  this  direction  was  seven^  g;istrf>-intestinal  irritatioiu  I)n  F6 
has  given  a  valuable  report  of  bis  results  in  the  tn-atment  of  122  *ii 
of  epilep>y  by  tliis  drug,  whieh  was  given  in  begimiing  doses  of  3 
grains,  increased  to  as  mueh  as  -5  dmehms  a  day.  lu  more  than  7l>| 
eent.  of  the  ttises,  tlie  tnmment  had  nt»  henetieial  result ;  in  ab 
20  j»er  eent.,  some  tempi ►rarv'  or  doubtful  improvement  wa?* 
and,  in  *J  per  trut.,  there  was  distiui't  gain.  Bnt  tlie  gi^etit  Jrav-' 
l^aek  was  tlie  fre^puiiey  of  toxie  etfwt?*  ami  tlie  <langer  of  pnMliuw 
or  aggravating  lesions  of  the  kidneys,  even  when  given  in  srwJl 
doses.  Anurng  tlie  most  eommou  results  wei-e  loss  of  aj>|>et!te  im 
burning  ]>ani,  followi»<l  l>y  naustni  ami  vomiting.  Cutanc^ui^  atl'trtioti^ 
were  very  eornmon,  antl  eomplete  liatdmss  was  eaused  not  infiW[»*iit| 
(This  result  has  been  note^l  by  many  otiier  |)raetitioners.)  In 
m**es,  a  eaehfetic  conditi*m,  eharaetG'ri;^.cHi  by  wasting,  a  waxy  tJOlj 
the  skin,  yiufliuess  of  the  iiu'e,  and  even  general  onlema,  was  ol>ser 
In  a  number  of  exises  of  geneitil  <edenia,  nnemia  develo|MHl  with 
suddenness. 

Dr.  (Trum|>elt  *  has  rejNirted  a  ease  in  whieh  headache,  nausi9i,  i 
intens*'  tlrvnes^  of  the  skin  followed  the  nse  of  an  in  jtH^tion  containing  i* 
tablespMinful  of  Vinrie  acid  to  the  pint.  The  etfects  disapj>ear**d  Avitb 
eessation  of  the  treatment,  bnt  (*ame  on  again  with  its  n^newab  Dr.  J- 
J.  Evans  *  has  tbuud,  as  a  cMunm^m  result  of  the  c^jntinm^i  use  of  b(H 
aeid  in  eystitis  and  urethritis,  an  ert'thema  followed  by  des4|nnmattW 
Intenial  doses  of  10  to  20  gmins  twice  ilally  for  five  weeks  causc<l  in 
one  instanee  total  liahlness.  ^ 

Ex[)eriments  un  man  an<l  animals,  liy  Professors  Matteni,  ForsiB 
Clnttentk^n,  and  Seblenkt  r,  have  demount nit^nl  that  bf>rie  aeid  and 
borax  interfeiT  with  digestion  and  nutrition.  Matteni  rep<3rt«d 
|jrotViund  distnrl>an*'es  in  tlogs  after  a   few  daily  dof?es  of   8  grains; 


*  Hevue  de  MeiU'tiiie,  St'ptemlHjr,  1MJ*,\ 
'  Britkh  Medical  Joumiil^  Jan,  7,  181*9, 


»  Ibidem,  Jan.  28.  1899, 
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and  nthf^r  sig^ns  ui'  gustro-intc'stinal   irritutionj  ami   in  some 

evt'ii     iiitiil     n/sutt.s    were    «iu^ed.       He    [liinself    t^^ik    ^D 

and  ?iut!ei\*(l  VHilent  abtltinnijal  \mn  iiml  cluirrh(eiL      Forster 

Schlenker  have  shown   that  tlc>s(\'<  of   H  grains   have    a    *kM:"idefl 

ill  piweuthi^  ul>snrptioii  nf    nutriment   and    e^uising    intestinal 

itinih 

t.  Aiiuett,    ol'    Liver|wn»I,    ted    a    mnnlKr  of    kitleiLs  with   milk 

ftining  20  ^raiui^  of  borie  aeid  tn  the  tjnartj  and  all   of  them  dit*il 

In  e!naeiate«l  eondition  at   die  ejul   of   tlie    tliird   <^r   f^mrtli   week. 

{j^  li»  tile  effeet  i*f  tliese  atjfent.^  (MI   tlte  ditl'eivnt  |»rtKT'ssfs  of  <liges- 

there  is   no  apT'ement.      Cliittenden,   for  example,  Ix'lieves  tliat 

at-iil  incn-ast\s  the  digestion  of  proteiits,and  tliat  even  2^'>  [xt  eeiit. 

I  mi  check  g:istri«^  ilijE^>tioii  of  v^^  alixnniiK      He  has  nc^tetl  al-^o  a 

rW  stimnlant  etfert   on  panereatic  digestion   of  proteids  following 

iiM'  of  l><>ni.v.      lA'ifmann  and    Itenii,  ajid  otiiers,  however,   have 

en'i'<l  elfects  direetly  eontniry   to   th<KS<:*    I'l^portal    by   Chittenden. 

itti;!Klen\s  first  ex|x*rimrnts  were   made   to  determine  the  possilde 

Dence  nf   bonix   and   lM>rie  aeid    iijion   the   priK*csses    of  salivary^ 

ric,  ami   paoere-alie  digestinn.      He  ealls  att4'ntion  to  the  tiu*t   tliat 

I  results  fhniw  no   light  ninm   the  inHtience  of  the  agents  upon   the 

tiau  of  tlie  d!j»:e.stive  fluids.     He  shows  that  bomx   iidiibitn  the 

Uumfsidiva  on  stareh»  and  borie  aeifl  in  small  amoniit^  inereases  it, 

nUj  the   |»o\vei'  oi'  the   g^islrie  jnire   lo    di^^est    (jfoteids.      Later 

lerinieiits  by  i/luttench'n  antl  (lies^  lead  thi'Hi  to  the  eonehision  that 

it^t)  HubstiUiees  have  n»i  iK-enliar  aetion  on  nntritiuji,  and  tliat,  siuee 

linatioD    is   cemiplete   Avitinn   tliiily*six    hours,    the    possil>ility    of 

BnUtlve  acti«»n   must   Im'  very  small,  even  when   m^xlerate  amounts 

Mtip'stnl  daily. 

Tliiinieliffe  and  Hnsenliiim  *  e^»neludedj  from  a  series  of  nietalmli^m 
ft'rimeutrt  on  ytam^  ehihlren,  tliat  borie  acid  \n  tloses  np  to  1  ^ram 
day,  tttntinned  for  sr»me  time,  exerts  no  influence  on  proteid  or 
'W^'^liliorns  metaliolisnu  has  no  etfeet  on  the  assimihitirai  of  fat,  and 
'•^'Tt^  ho  inhilntory  el!(M't  (»n  intestinal  putrelaetion  ;  that  Ixn^tx  in  eou- 
tJuninl  dosi'S  of  !.>*>  ^ams  may  or  may  not  improve  assimilation  of  fat, 
ittmU  to  increase  intestinal  ]iutretaetion  ;  that  both  borie  aeid  and 
are  eliniinatHl  rptiekly  ;  and  that  neitlier  will  affec*t  the  general 
IH  and  well-bein^. 

fHivllilinrton/  exjTerimentifi^  with  Iximx  and  milk  in  vifro^  found  that 

Bft  of  l>orax  in  MHM)  cimipletrly  prevents  the  action  f»f  rennet,  and 

b  smaller  amnnnt?^  ilelay  it, 

On  the  f»ther  hand,  Liebi^ich,*  experimentinjr  with  do]gf8,  fonnd  that 

Dftthfr  Ixvnix   nnr  bi^ric  acid   has  any   influetiee  on   metabolism  ;  that 

'*Tir  aeid  in  *^itnrateil  ndntion  has  no  etlH't  (Ui  the  mncons  membranes 

of  the  utoimwh  and  intf^tine,  while  bonix  in  2  ]ier  cent  solution  has  a 


*  Kew  York  Mi>dtrnl  Joiinml  February  *26,  1898, 
'  Joiimnl  cif  Hv^iiTii',  Ajiril,  llHil,  p.  I68. 
'  BntWi  MiHliiil  Journul,  July  7,  VM\  p.  1- 

*  V^ iertelj*Ji mac b rift  fiir  gericlatii'he  Mtnlicai^  li^OO^  p.  HH, 
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iuiirkt*<lly  injurious  effc*ft,  though  not  so  much  a.«  1  ]mt  rent,  of  scKlintii 
tiVflmti'  tjr  0.5  per  wuU  of  saIt[ietor  ;  thiit  5  j>er  ernL  nf  Ixiric  aciil  ami 
n.2o  [>er  cent.  <if  bomx  huve  nn  iiiHucncH'  tin  pistrir  ditr^^stion,  but  <L> 
jHT  cont,  i>f'  Ijonix  lilts  j<]ij;lit  inliihitorv  iii'tion  ;  ihiit  lU'itlier  hn^  any 
etteet  on  the  dige^stion  of  stiirefioi^ ;  and  that  lK>tli  nre  elimuiati*d  quiekly, 
and  liave  no  ti'ndencv  to  ufeuinulate  in  the  system. 

During  a  pcrirrfl  of  19  \vei*ks  the  author*  fetl  hr>n*ted  meat  to  6  of 
12  healthy  eats,  winch  were  ke[>l  in  separate  eage>  under  pi'ecisely  i?im- 
ilar  ctimlitious.  t>f  the  i>ther  ti,  ]  was  kept  as  a  eontnd,  and  o  were 
fed  on  meat  containing  anotlier  kind  of  preservative*  The  average 
daiJy  dose  of  borax  rangal  from  r>44  to  857  niiUigrams.  Dunug  tlie 
experiment  only  'A  of  the  12  cats  showetl  any  aeute  sickness^  l>nt  they 
wen^  all  members  of  the  btirax  grnap.  <  hie  of  them  dietl  at  the  end 
of  the  sixth  week,  but  the  others  rceovered  and  were  apparently  M^ell 
when  the  experiment  was  brtmght  to  a  clo.se.  The  cats  were  kilk*d  and 
all  (ineludiug  the  one  tliat  died)  were  subjected  to  eareful  niicr<ise*)pieid 
examioatiuo.  The  eontrol-cat  sLi^wchI  nn  legions  whiitever,  and  tho^e 
fed  on  jion-bomted  futA  showeil  only  slight  and  iuf*oustant  changes  in 
various  organs  ;  but  the  l)orax-led  animals  sliowctl  witliout  exception 
lesions  of  the  kidneys  of  the  same  general  ehar4»cter,  yet  differing  in 
i utensil v»  and  analogous  to  those  found  in  subiieute  an<l  chronic  neph- 
ritis in  man.  In  sc»mc  cases  the  degcueratitm  wiis  of  an  intense  char- 
acter. 

Considering  nil  the  evidence,  (*ouflicting  though  it  be,  ancl  the  many 
reports  of  unt<m;jnl  n^sults  of  Inrge  and  small  metlic*iual  th»se8  an<l 
fmrn  abs^trptioti  of  l>oth  agents  fri>m  local  ajiplications,  it  seems  n*>t 
nnreaHinalde  to  e*)nehulc  that  tlu*  dnily  ingi^stinn  of  variable  amounts 
in  ffMwl  au<l  drink  by  jwrsons  of  all  ages  cannot  be  wholly  free  fitjui 
objection.  A  very  couunon  pmctice  is  the  addition  of  a  mixture  «»f 
the  two  or  uf  cith(r  ahme  to  milk,  in  the  pn>pcition  of  1  part  in  5tK> 
or  lOCJO  ;  ii  pint  uill,  thcref  irc,  c*tntain  a  iair-si/ed  adult  dfise^  an 
amount  which,  taken  twice  daily »  itr  oftener,  Ivy  a  lM»tth>li.Hl  child,  cran 
haixlty  fail  to  have  sonic  effect  not  wholly  for  its  M'cll-l)eing» 

Salicylic  Acid* — Sjdicylic  acid  is  nuirc  ctficieiit  than  Ijorax  and  liiiric 
acid  as  a  |jrcservative,  but  cannot  Ijc  ustnt  sr*  generally,  iH-cjinse  of  it^ 
temlcrjcy  to  cause  unpleasant  flavors  in  foinls  having  a  b!an*l  taste.  It 
is  us*m1  extensively  in  jams^  jellies,  tomato  catsups,  bottltn I  Ix^ers  (es- 
pecially those  from  Germany),  the  heavy  bet^rs  inniKu-ntly  consumed  by 
total  abstatuers  under  the  name  ni'  **Hialt  extracts,"  fruit  juices,  soila- 
water  syrups,  cider,  wines,  antl  other  saceharin^'  prcjia rations,  and  pre* 
served  vegetiibles.  Concerning  its  ohjcctiouablc  nature  as  an  addition 
t4)  fcHids,  theR*  is  practical  nnaujmity.  It  notemly  exerts  an  inhibitcir)- 
action  on  digestion,  but  acts  also  as  an  irritant,  especially  to  the  kid- 
neys, by  which  orgmts  it  is  exerctcd.  Its  addition  in  any  tpiantity  t<» 
artic*Jes  of  foinl  or  drink  is  forbidden  expressly  in  many  Euroj^iean  and 
South  American  countries,  lis  addition  in  l>eer  and  other  articles  in- 
tended  for  export  is  jKTmitted  in  (icrmany. 

*  Americaa  Jounml  of  ibe  Mudiuil  tk'ieiicesi,  September,  1904. 
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.  Mlpliites. — Sodium  sulphite  and  bisulphite  and  sulphurous  acid  are 
JtA  more  or  less  extensively  for  preserving  meat,  beer,  wine,  and  for 
Httching  vegetables  (especially  asparagus  and  corn),  put  up  in  cans 
tol  glass  jars.  Sendtner  has  found  from  26.4  to  482.6  milligrams  of 
■ripharous  acid  in  32  specimens  of  such  vegetables,  and  Kammerer 
|M  others  have  reported  amounts  ranging  from  3  to  250  milligrams 
ycr liter  in  red  and  white  wines.  The  author*  found  from  0.061  to 
1225  (average  0.335)  per  cent,  by  weight  of  sodium  sulphite  in  50 
ipecimens  of  "  Hamburg  steak  "  bought  in  the  markets  of  Boston. 

Eionke'  has  shown  that  large  doses  of  sulphites  exert  a  marked  and 
SMnetimes  fatally  poisonous  action  on  warm-blooded  animals,  and  that 
fluJl  doses,  long  continued,  may  aflTeot  dogs  very  seriously.  The 
•ntlior*  fed  a  number  of  cats  for  20  weeks  with  meat  containing  0.20 
per  cent,  of  sodium  sulphite,  which  is  the  amount  recommended  as  a 
pnservative,  and  at  the  expiration  of  that  time  the  eats  were  killed 
tnd  examined.  In  each  case  the  kidneys  showed  extensive  degenera- 
ttf e  changes. 

Sodium  sulphite  is  used  very  commonly  in  sausages  and  chopped 
neat  (Hamburg  steak),  lM)th  as  a  preservative  and  to  cause  the  bright- 
wd  color  of  the  fresh  meat  to  be  retained  unaltered.  Chopped  meat 
keepe  its  c<Jor  but  a  verj'  short  time,  and  as  the  purchaser  will  not 
•ccept  it  when  not  bright  red,  the  vendor  is  driven  to  make  its  appear- 
tnce  acceptable.  Thus,  the  purt^haser,  insisting  up<m  having  what  to 
iii«  eye  is  freshly  chopped  wholesome  meat,  may  be  served  with  stale 
meat  containing  a  most  undesirable  chemical  preservative.  In  1898, 
the  Imperial  Board  of  Health  of  Germany  forbade  the  use  of  sodium 
nlphite  in  foods,  because  of  its  dangerous  properties. 

Pbnnaldehyde. — On  account  of  its  proj>erty  of  hardening  tissues, 
formaldehyde  does  not  lend  itself  to  general  ust*  as  a  food  j)n»servative. 
Fth  and  meats  are  rendercnl  so  hanl  by  very  dilute  solutions,  even  1 
to  5,000,  as  to  be  worthless  commercially.  It  is  used  most  com- 
nJonly  in  milk  and  other  li(iuids,  and  acts  most  efficiently  in  delaying 
and  preventing  decom|)osit ion.  Its  use  in  milk  is,  however,  far  from 
ttwiraendable,  for  although  efficient  as  a  i)roservative,  it  alters  the  char- 
■'^r  of  the  proteids,  whi(»h  are  thereby  made  less  digt^stible.  The 
^n,  when  precipi tilted,  does  not  sejxirate  in  fine  (^lots,  but  in  tough, 
l^vy  curds,  which  yield  only  with  much  resistant  to  i)epsin  and 
Mrochloric  acid.  Weigle  and  Merkel  *  have  shown  that  the  j>roteids 
•'jemade  much  less  digt^stible,  and  their  conclusions  are  in  agreenu'iit 
^<th  those  of  most  invt»stigat^)rs  of  the  subje(»t.  Bliss  and  Novy,* 
*"^f  a  most  careful  and  exhaustive  incjuirv  into  the  (»f!(H.*ts  of  formal- 
^oyde  on  the  digestive  fernH»nt<,  found  that  jx'j)sin  and  tr>'psin  have 
diminished  action  upon  fibrin  which  has  been  alteriHl  by  it  in  ver}' 
^^  solution  ;  that  casein  is  alteretl  rapidly,  and,  as  a  result,  is  not 

^BoHton  Medical  and  Hur^ical  Journal,  May  25,  1904. 
'Zeitflchrift  fiir  Hygiene  und  Infect ionnkrankheiten,  XXII.,  i).  351. 
'  Fonchunffsbericnte  iiber  LebtMisniittel,  etc.,  lSi)o.,  II.,  p.  in. 
^JouTDal  of  Experimental  Medicine,  181H),  j).  47. 
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-coagiilatwl  by  rennet  or,  at  hot,  very  slowly,  and  h  not  rt^adily  digested 
by  t!ie  pmtedlytit'  I'eniionts  ;  and  that  jR'pHin  a  ad  rcimt't  aro  tlieniselve?? 
ii*jt  aHiH^ttnl  Ijy  fairly  .stning  (4  and  5  [x^r  0:*ni,)  solutifai.s  acting  for 
*>everal  weeks  Pep,*^in  wa.s  found  tn  be  atfa-tetl  (|nickly  by  very 
<lilute  s^ohrtioas,  trypsin  t^i  be  afltrt^nl  aeenrding  t(»  tlie  anumnl  of 
organie  matter  prei^eat,  and  araylnpsia  and  ptyalin  ti>  be  nf>t  destroyeil 
by  very  dihite  8t*hition,<.  The  latter,  tiowever^  were  found  to  be  de- 
nt royet!  l>y  strfjng  suluti<jns, 

Ibdlihnrtoa  *  f^nnd  that  0.5  per  eeut,  of  formalhi  renders  gastric 
digestina  of  tihriu  aluaist  iiapi>ssil>Ie  ;  and  tliat  0.05  jx*r  eeat.  eoiij^id- 
^raiily  dektys  it.  Its  etJeetH  on  {janereatic  digt^^tion  wen*  even  more 
DKirkt^ch 

TnnaicHfte  and  Rosenheim,^  experinuMitiug  whh  young  ehiklren, 
fiUUKl  that,  in  doses  af  1  jwirt  in  5,iM)(»  of  milk  or  1  ta  l^.Om  of  total 
fnnd  and  drink,  forma idehyde  exerts  no  a[iprerial>le  etiet*t  on  nitrogen 
and  phospliurus  metiiboHsm  or  on  fat  assimilation,  hut  in  lai*ger  doses 
ur  long  eoutiuue*!,  it  may  tend  to  diminish  j>hos|ilairns  aial  iat  assim- 
ilation, oa  aernuut  of  its  efleet  i>n  |>anereatic*  digestion.  With  4leliejite 
rliildren,  the  l:5(HKJdnse  lias  a  measurable  deleterious  effect  on  the 
nitrogen,  jdaisjJiurus,  and  fat  assimilution,  atal  exerts  a  slight  irritant 
action  on  the  intestine.  They  conclude,  h^iwevcr,  tliat,  as  usetl,  tlie 
snbstanee  has  no  influenc*e  on  the  general  health  and  well-lx-ing  of 
childretK  Oa  the  other  hand,  ieetling  exjH'riments,  e<>aihieted  by  Dr, 
Antiett  with  kittens,  dcmoustr,itiHl  that,  as  the  amount  nnxt^  with  the 
luilk  was  inereaKHJ,  the  retaitJing  action  on  their  tlevelopmejit  wai< 
more  marked* 

Whatever  may  be  the  resoHs  of  experiments  t^/nding  to  show  the 
cMcM'ts  «if  tbrnuddeliyde  on  nietalHilisia  and  gniwth,  cviTybmly  who  has 
occasion  to  handle  even  xtvy  dilute  s<jlutiuus  can  testify  to  its  irritant 
effects  on  the  skin  ;  and,  this  being  the  ea.se,  it  seems  hardly  reasomiblc  to 
asseit  tliat  the  niuelj  more  delicat*'  nuicuus  meadinmes  nf  the  <lige>live 
tnict  can  Ik*  suhJuH^ted  to  its  action  and  wholly  escape  injury,  Foraial- 
dehyde  If^  iait  gt*nerally  n-g-anled  as  a  |w*ismi  in  small  d^ist/s,  but  a  nnn>- 
her  of  detiths  hnv(^  lieen  attnbnte<l  tct  its  use  as  a  milk  preservative, 
though  it  shoidd  he  sjuM  that  the  evidence  in  these  t^si^s  will  hanlly 
Ijear  criti(*al  analysis.  One  nraloiibtcd  can"  of  ia»n-fatal  |»oist>ning  bns 
been  n^-orih^l  by  J,  Kliibcr/*  The  subject  was  a  man  of  forty-seven, 
who  swallowed  some  siperient  water  into  whieti  formalin  had  lieen  intiv>- 
ihiei'd  at*cidentally  He  lay  for  a  hmg  time  in  a  state  of  eoina^  and 
had  anuria  nineteen  hours.  Fornuc  aciel  was  eliminated  in  the  urine 
during  rn'overv. 

Hydrogen  Peroxide. — This  agent  is  recommende^l  as  the  least  danger- 
ou.s  of  all  chemical  preservati\'e.^,  and  is  iM'lievtHl  hy  some  to  exert  no 
deleterious  effect  whatever.  It  is  well  adapt«^l  for  nse  in  wine,  beer, 
and   fruit  juices.     On*'  part   in    1,000  is  said   to  jirevent   entirely  the 

*  Ltwo  citato. 

*  Joiirnai  of  Hygiene,  July.  IfKll,  p.  :^21, 

*  Miinclieiier  iiiLHiicinLsche  Wixhi'itHt-brifl,  October  9^  1900. 
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«lei*holii'  feniieiitution  iif  ;rlurnsp  s^iluticjiis,  ;iihI  in  .s(*nii>\vliat  larger 
iimotints  to  prevoiit   tlio  iunimtiHu  uf  lactic  wnl  in   milk. 

Sodium  Fluoride. — Si  tar  as  is  kmnvn,  8<H!iimi  HiKH'idi'  exerts  no 
pi>is4HioiLs  aclkm,  but  its  ettln-t  cm  iliirt^siion  hajs  not  been  stmlitHl  thor- 
oughly. Perret^  assert,*^  that  it  has  a  (le4M*h^l  iofliienee  in  inhibitint^^  the 
devehipment  of  lactie  and  biityrie  iennents.  Using  himself  ami  a 
minilx^r  of  dn*r^,  he  niidert*>ok  a  series  iA'  fLXsling  expiinieiits,  ami 
rinieliiiletl  tlierefroni  that  the  sjdt  is  in  im  way  juiisonous,  an*l  may  \>v 
iistil  witluKit  iLinger  as  a  IimmI  preservative.  S|K'eimens  of  milk  eon- 
faiiiiiiij  '\  jwirts  hi  1»000  and  kej»t  at  3H°  C*,  remaitied  njiehaii;icd  hm^ 
ni'tiT  the  tMmtn>ls  had  beiome  i^Miifi dated.  A  dozen  tubes  of  milk  eon- 
taitiiti)^  it,  and  planli'^l  with  Imtyric*  ferment,  and  another  ilozen  e*Hi- 
taining  nntrente<l  milk  similarly  plantetl,  were  kept  side  by  side  at  38° 
<\  ;  on  the  flay  Ibllowin^,  the  latter  were  (*otigulated,  btit  the  fViimer 
were  unchange<k  Subentanemis  injt^etions  of  tlu'  siilt  to  the  extent  of 
OJKS  ^ifnim  fn^r  kilogram  of  weii^lit  ^■aiisi'^l  in  a  doir  slight  salivation  an<l 
<liure^i^  ;  l>nt  larger  doses  euust^l  marked  salivalion,  diuresis,  ihirst, 
and  reftusal  of  foiwl.  Intraveitous  injcH[»titms  of  0.10  \>er  kilogram  i^iuisi^l 
iinme«Uate  ris<*  of  pulse  and  res|>iratioij,  fulloWiHl  l>y  abmulant  -aliva- 
tirm,  naus4?a,  e<tnvulsion>,  ant!  death  in  tfiirty-live  minutes.  Letlmajni 
and  Besitu'  have  noted  that  sodium  Hiioride  inlerfere>  but  little  with 
the  digestion  i>f  stareh. 

8r)clinm  Huori*le  apix-ars  to  Ik'  wetdv  as  a  general  preservative,  but 
prevents  ak*i>holic  fermentation  e<nnpletely  when  prescMit  to  thi^  extent 
of  1  pjirt  in  2,000.  The  i^uoridl^s  and  hyilroehhiric  acid  ai'e  used  by 
a^ome  brewers  for  the  jirevention  of  untlesired  fermentations. 

Sodium  Bicarbonate. — -This  agent  s«H:niis  to  he  as  little  objeeticmrdde 
a^  any,  but  it  is  very  weak  in  its  preservative  aetion  and  is  too  ineHiv- 
five  ibr  gener.il  use.  It  is  use<l  stmiewluit  in  Sw4'den  in  mnjundion 
with  sugar  fm*  meat  and  tish.  A  more  eonuuon  use  ts  to  ov*i*(*om4» 
beginning  acidity  of  milk  ;  against  thi^  is  nigiMl  the  ]M^ssil)ility  of 
pui'gative  elfcrt-s  in   intiints,  through  the  stwlirun   Inetatc^  prmluc*t^k 


Section  8.     CONTAMINATION   OF  FOODS  BY  METALS. 

Not  iiifre<|uently,  small  amounts  of  metallie  salts  are  pri'si^nt  in 
focMU,  either  thnmgh  aeeideut  or  by  r*^^ison  of  intciitinnal  admixture 
for  some  definite  end.  The  most  ei»nitnon  are  eoin|Mnuids  of  (*iip|>er 
anfl  of  h^id,  and  the^^^  are  regardMl  us  of  greater  hygienie  imjK>rtauee 
than   the  salts  of  zinc,  tin,  atid  Tiiekol  *»eeasionalty  present. 

Copper. — Copper  gjiins  entrmiee  thi^nigh  the  impnijier  use  of  eo«ik- 
ing  utensils  of  brass  and  eup|ier,  and  thniugh  the  uh-  of  its  salts  for 
^reeniug  jntis  and  other  vegetidiles  (*' reverdissiiLre'- ),  and  for  im[>mv- 
ing  flour  of  interior  grade.  (V>p[>er  and  brass  kettleti  yiehl  .small 
amotint^  to  aeid,  fatty,  and  other  f(N>ds  allowed  to  ^tatid  therein,  espe- 

*  Joiimol  of  tde  Fmnkliii  liwtUiat?,  18^9. 
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('ijilly  if  i\w  contents  iiru  ex|K)S(Kl  tu  the  air.  Their  yield  is  much 
groatiT  if  they  art*  not  kept  lhi>nmghly  ch-aii  anil  wdl  |x>lihhed* 
Lehnjaiin  ^  ftMind  IMy.H  milligrani^  of  oopfMr  in  a  liter  *>f  bnjth  made 
ill  a  hras>  vessel  ainl  all<i\ved  to  stand  24  hours,  8.7  nigr.  in  100  t*c, 
(if  raat'itl  fat  allowed  to  stand  2  wtH^ks,  21  rngr.  in  a  liter  nf  rioiir 
\vin(\  and  MI  in  tin-  >ame  volume  r>f  vineirar  after  24  hours.  Mair  lias 
rejiorted  24  m^r.  in  a  liter  of  riee  soiip  afler  24  hours. 

The  use  of  {Y^jij^r  hir  trreenin^  vegetables  is  exeeedin^dy  ixjiiinnm. 
It  serves  no  tisefnl  purpose  other  than  tt*  please  the  eye.  The  in.'nti  or 
ittlier  veg<'tal>lt>  are  lHiile<l  in  a  very  ^Hhite  soluhon  ot*  eop|H"r  siil]ihat(% 
drnine<h  washeil,  and,  tinalK>  put  up  iu  eans  or  ghiss  jars.  The  arti- 
tieial  LHjlor,  wiiieii  in  often  much  more  intensely  green  than  tire  natural, 
is  due  tn  an  urganie  eeanpoand  of  eop|)er  wlui^h  is  ins<ilub]e  iu  water. 
The  elaiiii  sonietinies  ur^eih  that  the  enppcT  serves  t(*  fix  the  <4iloro- 
phylh  and  is  tuti  it-ell'  retained,  is  preposternns,  for  if  a  st*lutiim  of 
eliiuropliyll  is  hitated  with  dihite  copper  sulphate,  the  color  is  destroyed 
and  a  hrown  pre(*i}iitute  is  prfKhiea! ;  while  if  perfectly  white  !)efUis  are 
hoiled  for  a  short  time  in  a  scihition  of  the  same  strength,  they  take  on 
a  deep-gni'U  c^nlur  ihrnu^di  the  formation  of  a  new  compound  with  the 
{•^mtained  legnnun  or  ^^ane  other  j>roteid.  Pc<tatoes,  Ixi-ing  very  |)oor 
tn  phjteids,  are  afUfted  but  slightly  by  similar  treatment,  but  eggs  may 
be  c*olored  intensely  green. 

The  litpicvr  i4'  canned  griH.iml  vL'grtables  is  eonnnonly  frcv  fmni 
rujuKT,  and  the  telling  of  speeiniens  by  adding  ammonia  t<>  a  portion 
of  the  licpior,  in  the  expectatlrm  of  pnxlneing  a  bhie  <H>Ior  in  case  the* 
vegetable  hiis  Ix'cii  sf»  treated,  is,  therefor(%  without  result.  In  orrler 
to  d<4errnine  the  presenei*  of  er»pper,  a  few  gnuns  **f  tlie  substance  nmy 
he  ineineniltHl  in  a  [ica'eelain  eapsnie,  die  re>idne  therefrom  trt-iitcd  with 
dihite  hydmehltaie  aciti,  and  the  filtrate  snhjeetcil  to  the  usual  te^ts. 

The  question  nf  the  hygienic  im|»ortance  of  small  amounts  of  tn^pper 
has  been  the  snl>ject  rd'a  number  of  extensivx^  invotigatimis  *ni  the  fxirt 
of  individuals  and  foreign  guvernnients,  and  while  it  can  hardly  lie  s:iid 
to  be  prnved  that  danger  can  arise  tlierefn)m,  nevcrthelcKs  no  g^Mnl 
rcJL'^iu  can  be  advanei'd  in  favor  of  the  praetiet*  cii'  greening.  Two  stn- 
dents  in  LclnnatinV  lalioratory  took  daily  dcK^'s  of  copper  salts  with  iu> 
I frerer] it il>le  ili^turbanns  i»ne  tmvk  *10  milligrams  of  C5op|KT  sulphate 
<laily  Ibr  'Al  iLnys,  antl  then  donldc*  that  anitaint  fur  i]0  more;  the  other 
tcw>k  the  aiH'tate  f*or  ol  days  in  dn>es  ranging  from  Hi  to  IN*  milligramii*. 
These  amountit  are  larger  than  an  average  eater  wouhl  be  likely  to  take 
Into  Ins  system  from  canned  vegt-taldes  in  the  course  of  a  day,  for  the 
entire  contents  uf  an  < ordinary  tin — somewhat  less  than  half  a  jiound — 
eoninioidy  yield  less  tlian  -1'^  millignuns  of  copper. 

According  to  Rvunt  and  Seelinger,^  whost^  numerous  cx|>erinieiitst 
ext(4ided  over  a  period  of  three  years,  small  tlaily  doses  ai*c,  as  a  rnle> 
rttmplrtely  abHirlRfl  and  again  eliminatcil  ;  hirger  doses  arc  not  com* 
pletely  al>soflied.     ( Vini|)lete  elimination    may  require  as  long  a8  five 

1  Sevevah  Inlenialionjtl  Con^ifvs  of  Hygiene,  189L 
*  Zeilsihrift  fiir  uHeiitlidii?  t'lioiiiie^  JSys,  p.  18L 
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Dths  from  the  date  of  the  last  dose.     Long-continued  ingestion  of 
Jl  doses  may  bring  about  a  condition  of  chronic  poisoning. 
Copper  ap[)ears  to  I)e  a  normal  constituent  of  some  articles  of  food. 
^  The  assertion,  made  originally  by  Meyer,  of  Copenhagen,  that  wheat 
id  oats  often  contain  minute  traces,  es|)ecially  in  their  husks,  has  re- 

Ctedly  been  proved.  According  to  Lehmann,*  the  species  of  plants 
far  less  influence  on  the  amount  taken  up  than  the  amount  of  copjx?r 
present  in  the  soil.  He  found  the  metal  in  a  great  variety  of  plants 
growing  in  a  copper  soil :  rye,  oats,  hops,  potatoes,  dandelion,  junij)er, 
violete,  cherries,  etc.  In  woody  plants,  the  greatest  amount  of 
copper  is  in  the  bark.  Acconling  to  Karsten,^  the  spraying  of  gra|)e- 
vines  with  copper  solutions  is  not  wholly  free  from  objection,  since 
that  which  adheres  to  the  fruit  may  be  sufficient  to  make  their  yield  of 
wine  toxic.  He  instances  a  number  of  cases  of  diarrluiea  and  vomiting 
due  to  wine  which  yielded  traces  of  copper. 

I^ad. — ^Traces  of  lead  are  of  common  occurrence  in  various  articles 
of  food,  especially  those  wrapped  in  foil  or  encloscKl  in  cans  having  ex- 
p^wed  seams  of  lead  solder.     A  number  of  specimens  of  wrapping-foil, 
analyzed  by  Dr.  Charles  P.  Worcester,'  yielded  lead  in  amounts  rang- 
ing from  traces  to  89  per  cent.     They  are  used  largely  for  wrapping 
<?Peam  cheeses,  chcxjolate,  and  other  foods.     The  metallic  caps  used  for 
<^'^>sing  glass  jars  of  preserved  fniits  and  v(»getil)les  are  also  sources  of 
danger.     One  8i)ecimen  examined  by   Worcester  contained  93.5  j^er 
<'Pnt.  of  lead.     Patent  stoppers,  consisting  of  a  metallic  disk  with  a 
border  of  rubber,  used  in  bottles  for  summer  beverages  known  to  the 
^'^wle  as    "soft    drinks,"  commonly  contiiin    lesid,  as    is    shown    by 
J»  oroester's  examination  of  28  specimens,  which  yielded  from  3.5  to 
'>^>.7  per  cent.     The  contents  of  the  several  bottles  yielded  lead  with- 
^*t  exception;  the  largest  amount  was  1.05  milligrams. 

Ih*.  William  R.  Smith  *  has  drawn  attention  to  the  common  occur- 
'^nce  of  lead  in  citric  and  tartaric  acids.  The  former  is  used  consid- 
*J^bly  in  making  summer  drinks,  and  the  latter  in  effervescing  powders 
^'^d  baking  powders.  Of  a  dozen  siKK»imens  examined  by  him,  only 
^'^e  was  uncontaminated ;  the  highest  amount  found  was  0.037  jwr 
cent. 

At  the  present  time,  canned  foods  are  l(»ss  likely  to  show  traces  of 
Wd  than  fonnerly,  when  the  ams  were  made  with  less  care.  In  1893, 
Wiley*  reported  traces  in  132  out  of  248  samples  examined. 

Concerning  the  hygienic  importance  of  small  daily  doses  of  lead, 

there  is   but  one   opinion.     It  is  quite  improbable  that  the  occasional 

use  of  canned  vegetables  containing  hut  a  fraction  of  a  milligram  in  an 

entire  can  will  lead  to  serious  injury,  i)ut  the  constant  daily  ingestion 

of  appreciable  amounts  of  lead  is  likely  to  lead  to  serious  consecjuences 

Jo  at  least  a  fair  proportion  of  casi^s. 

'  Archiv  fur  Ilv^iene,  XXVII.,  p.  1. 
»  C'hemiker-Zeitiing,  1896,  p.  37. 

*  29tb  Annual  Report  of  the  State  Boani  of  Health  of  Massjichus<'tt*<,  p.  ')"(). 

*  Journal  of  State  Medicine,  October,  181)2. 

*  Department  of  Agriculture,  Division  of  Chemistry,  Hulletiii  Xo.  l.S,  Part  VIII. 
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EspcriaHy  to  1h*  nvnidtHl  wyv  tlic  ar-iit  drinks  cinitniiied  in  bottles- 
%vith  load  st^ipjMTs.  Tiio  annjuut  \\\*  Iriiil  prL'sunt  i.s  Fniall,  and  an  ocoi- 
sional  iiidulgeiuT  is  uidikely  tn  eaiist'  Imrni  ;  hut  fjist^  uf  st-ritiui?  injury 
Lave  cxvurred.  In  mw^  in  whirl i  ilit*  cau^e  of  the.'  tmubk-  was  investi- 
gatc^l  Ijv  t\vv  an  then",  tirr  |*iitietit,  a  tonipt  niniv  k'^'turrr,  IkhI  fur  Mime 
\ve<*k>  Inni  pussiimatoly  a^kiirird  tc»  x\\v  use  of  a  |mrtirnlar  limnd  of 
eiferveseent  drink  known  a.s  **  strawherry  tonic,"  a  earhonatC'^L  acidu- 
kitcxl  sohition  id"  sn<jfar,  flavored  with  an  artificial  roniponnd  ether,  and 
col^irinl  witli  an  anilin  ilye.  Kvidi-nt'e  ot*  rln'onie  h^ad  p4»is<»nhi^  de- 
velo|H'd  w  itli  snint'  suddfuni'ss,  and  in  a  short  time  ntit  only  \vri>tKlrop, 
hut  :Jso  tue-<h'*pp  a{>|JcarLtL  Spocirnens  of"  th(^  hevrragt^  were  examineiK 
The  :^top|K*rs  were  almost  pure  lead,  aiul  the  contents  of  csaeh  battle 
yielded  ni>taljle  tniees  of  the  metal. 

ZiBC. — Zint*  sunietinies  oeenrs  in  small  tra(H\^  in  nunied  foocls  from 
the  use  i>f  tlie  ehloride  in  suktering.  With  improved  methods,  in  wliieh 
nm^tlier  flux  is  eniployed,  tliis  cHHitiunination  is  l>eeoming  UJieoinmon  in 
this  class  of  totxls.  It  appejirs  to  be  a  comnion  aceidental  impurity  in 
driinl  apples,  from  eontaet  with  ^alvaniztnl  iron  wire  racks  on  which 
they  are  enred.  KammeivT^  found  it  in  4  out  of  i^  specimens  tif 
American  dried  apples;  the  avem^c  amount »  reekoneil  as  malatc,  wai* 
(KOG'jG  jK'r  ecnt.  Bn jard  '  found  it  in  37  out  of  54  ;  in  20,  tlie  amount 
present  ranged  from  0.0^1  to  fh4J>  gnnn  U\  the  kilogram,  reekoncKl  as 
tLxide  ;  in  17»  it  was  present  only  in  trae<^s.  We  have  no  evidence  tliat 
these  small  amuimts  are  of  tlje  slightest  sanitary  imjKirlance. 

Nickel, — Xiekel  is  employed  sometimes  in  place  of  copper  for  green- 
ing ]M'as.  Ahrart  a  fpiartcr  of  a  gnim  of  tlie  suljdiate  sotfices  for  a 
kil<>gram  of  (teas.  It  is  dissolviKl  in  l>oiled  water  to  winch  10  tw  of 
a  1^  per  cent,  solution  of  anuuiinia  are  adtled,  and  then  the  so]utii?n  is 
dilntL'^l  with  hoilc<l  water  in  sufficient  amount  to  cover  the  peas,  which 
then  arc  hoi!<.*d  for  a  few  minutes,  drained,  and  washed,  Accordiug  to 
E.  Luilwig/*  nickel  is  givt^n  t»f!'  in  small  amounts  to  all  soii:s  of  foods 
cooktMl  in  nickel  dislie<.  He  fonn<l  from  tracts  to  12.^i  milligiimis 
per  HKJ  grams  of  the  foid  examineth  There  is  no  evidence  tljat  these 
amounts  can  prmlnce  injiny. 

Tin. — Contamination  with  compounds  of  tin  is  exceixli  ugly  common, 
and,  so  iar  as  is  known^  is  hartjiless  and  unimportant,  the  eom]Minuds, 
other  than  the  eldoride,  heing  ap[>arcntly  in(*a|«ilile  of  produeing  any 
phy>iologieal  or  liwal  action. 

Metallic  Contamination  from  Kitchen  Utensils. — Mucli  has  Ihcu 

saifb  fr<Mn  time  t(»  time,  eonceriiiu^r  tlie  possihl<*  danger  of  poisoning  hy 
smtdl  amciunts  of  lead  and  e>ther  metals  taken  up  hy  fomls  from  kitchen 
utensils,  and  especially  from  gla/c*tl  earthenware:  hut  a  nund)er  of 
extensive  investigtitions  have  demonstnitcKl  that  tliis  danger  is  vcrjr 
remote.      Mtissi  '   lias  shinvn  that,  if  the  tiring  r»f  lead-glazed   pottery 

*  rhemiker-Zi4tun>;,  I8V»7,  p.  721. 

*  ForscluiTij^htTit'ht  uk*r  Ix^Wnt^miUel,  etc.,  1807,  IV,,  p.  218. 

*  <K>k*rnMrhe  ('lii'mi.s^Iit'  Zcioin^,  ]>59H,  1. 
Miiurnale  del  la  K.  SiMiiHSl  lutliainji  tl*igieJie,  Januiin'  30,  19(K1,  p»  L 
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18  been  done  projierly,  no  trace  of  lead  will  be  taken  up  by  acid  foods, 
idi  a.s  tomato  soup,  or  even  vinegar ;  but  he  advises  that  all  new 
BBHels  should  be  cleansed  very  carefully  before  using,  on  account  of  the 
ommon  presence  of  lead  dust  on  the  glaze  when  fresh  from  the  kiln, 
ticfae*  also  iletermined  that  with  properly  fired  ware  the  danger  of 
olution  of  lead  is  practically  nil,  the  si^cimcns  used  yielding  no  traces 
0  boiling  dilute  acetic  and  nitric  acids  and  salt  solutions.  But  im- 
properly fired  ware  will  yield  traces. 

Eoamelled  ware  is  believed  commonly  to  contiiin  lead  ;  and  the 
eoamel,  having  a  different  coefficient  of  expansion  from  that  of  the 
iron,  being  likely  to  cnick  and  chip  off,  especially  with  careless  hand- 
Hag,  is  thought  to  be  dangerous  ;  but  Barthe  ^  found  no  trace  of  lead 
u  a  number  of  enamels  examine<l,  and  asserts  that  very  hard  enamels 
need  neither  lead  nor  any  other  poisonous  compounds  in  their  prepara- 
tbn.  This  accords  with  the  experience  of  the  author  and  other 
American  investigators,  and  it  may  confidently  be  said  that  the 
eumelled  ware  in  common  use  is  lead-free. 

Aluminum  ware,  which  has  of  late  come  into  extensive  use,  is  less 
acted  upon  by  acid  foods  than  tin,  but  is  affected  considerably  by 
ilkalies,  the  impurities  present  in  commercial  aluminum  acting  as 
fiivorinji;  agents  to  its  corrosion.  But  the  resulting  compounds  are 
innocuous  in  the  small  amount  ingested.  This  kind  of  ware  is  kept 
clean  very  easily  and  offers  the  great  advantage  of  lightness. 

Niekelware  is  attacked  but  slightly  by  ordinary  food  materials,  and 
the  amounts  taken  up  are  without  sanitary  significance.  But  its  cost 
te  against  its  extensive  use,  and,  moreover,  it  imparts  sometimes  a 
pcenish  tint,  which  is  repugnant  to  the  eye. 

*  Revue  d'HygiSne,  Au^iwt  20,  1900,  p.  704. 
'Journal  de  Pharmacie  et  de  Cheinie,  1898,  p.  105. 


CHAPTER  II. 
AIR. 

Air  is  a  mixture  of  gases,  and  not  a  chemical  compouDd.  Uotl 
the  latter  part  of  the  seventeenth  century  (1669),  it  was  suj^KJid* 
to  be  an  element,  but  Jean  Mayow  then  proved  it  to  be  a  mixteie 
of  gases ;  and  later,  Lavoisier  discovered  the  two  gases,  oxygen  $A 
nitrogen,  which,  a  hundred  years  later,  were  separated  by  Priestley  ani 
by  Scheele. 

Air  is  a  colorless  and  apparently  odjorless  mixture  of  oxygen,  nitro- 
gen, argon,  carbonic  acid,  aqueous  vapor,  and  traces  of  other  substances. 
It  is  not,  however,  under  ordinary  conditions  odorless,  but,  on  the  coo- 
trary,  it  contains  various  scents,  to  which  we  are  so  accustomed  tliit» 
unless  present  in  unusual  degree,  owing  to  local  conditions,  they  arc 
not  perceived.  This  is  noticed  on  returning  to  an  ordinary  atraosphae 
from  one  where  the  causes  of  the  usual  odors  are  absent  or  nearly  so^ 
as,  for  instiincc,  from  deep  subterranean  caves ;  or  from  a  room  where 
the  air  is  foul  and  oppressive,  as,  for  instance,  from  a  heated,  over- 
crowded hall  or  street  car.  The  air  of  the  Arctic  regions  contains  bat 
little  odor,  on  account  of  the  absence  of  bodies  which  give  rise  to  odoi^ 
and  the  jiroximity  of  any  source  of  smell  is  noticed  quickly.  Theex- 
j)lorer  Nansen  ^  speaks  of  the  pervading  smell  of  soap  which  he  notkd 
when,  after  months  of  wandering,  he  met  Jackson,  who  had  been  housed 
comfortably  with  all  the  common  necessities  of  man. 

While  air  is  a  mixture  of  gases,  it  is  one  of  tolerably  constant  coni- 
position,  particularly  in  the  case  of  its  chief  constituent,  nitrogen- 
Under  the  conditions  of  life,  the  more  important,  but  less  abunitf*^ 
element,  oxygen  is  subject  to  more  or  less  variation.  In  the  preset**^ 
of  vegetable  life,  particularly  by  day,  it  is  increased  slightly ;  in  to 
presence  of  animal  life,  it  is  diminished  more  or  less. 

OXYGEN. 

The  normal  amount  of  oxygen  is  statin!  usually  at  just  below  21  p 
cent,  by  volume.  A.  Leduc  gives  it  at  exactly  21,  with  78.06  of  nitu 
gen  and  0.94  of  argon.  Diflferent  observers  have  reported  the  follow 
ing  as  averages  of  large  numbers  of  analyses  of  pure  outdoor  air : 

2().W Scotland. 

*2().<)8 ScoUand. 

20.04 Sweden. 

20.9-2        France. 

20.91 Gemianv. 

20.92 Norway." 

20.95 England. 

20.95 Ohio. 

'Fartlust  Xoitli.  Vol.  II.,  p  529. 


Tlio  mean  df  a  iuiihImt  nt'  aiialysr-s  Ky  Bunseii  was  2(K9'24  by  volume, 
uod  c»f  a  Iiuii4m.hI  at  I'aris  W  liegtiault,  20.000.  For  the  sako  of 
cHrmvenieiire,  we  may  ilisreu:?tnl  the  very  slight  diffiTenee  I  between  21 
and  the  figuiv^s  ubtiiiiieil  by  exaef  aiuilysis,  a  dtflerenex^  in  the  sec^oiid 
(ilace  of  decimnls,  and  aeee[it  21  eis  a  normal.  At  great  heights,  the 
j*rnjM»rtit»u  of  oxygen  i>  less  than  at  the  sni'faee.  For  instiinee,  ou  the 
Fall  1  horn,  in  Switzerland,  2<M7  has  been  ohservtxl  a.s  the  mean  <if  a 
nuiaber  of  determinations.  Untler  eertain  eonditions,  tliere  is  very 
**Ii|r|it[y  more  than  21  jKirts  ;  for  in,staneej  in  the  immediate  vicinity  of 
vegetittion,  esj>eeiany  by  day,  there  may  be  an  excess  of  oxygen,  but 
it  h  very  small  ;  sea  air,  taken  in  mid-m-ean,  has  yiclch^d  21.o9,  but 
onlimirily  contains  less  than  21,  It  is  less.  Ivy  very  small  fractions, 
in  the  streets  of  cities  than  in  the  open  cunntry,  rmd  in  towns  than 
^t  sea. 

Oxygen  is  the  element  in  air  that  sn|j)Kjrt8  all  life.  It  is  constantly 
being  witlulrnwn  from  the  air  in  the  ]>rnrp?is  of  respinition,  and  is  re- 
turned to  it  in  chemical  union  with  carbon  as  carlnm  dic^xide.  Thi.s  18 
absorbed  by  vt^^tation  and  split  up,  the  carbon  Ijeing  retained,  and  the 
oxygen  for  the  must  ])art  released  and  returned  to  the  air.  Thus,  the 
pHX-esses  of  auimal  and  vegetable  life  combine  to  maintain  tljee(|uilib- 
riuin. 

All  animals  do  not  breathe  in  the  s^ame  degree  ;  birds  have  the 
m<jt*t  active  respiration,  and  next  come  mammals ;  and  all  consume 
more  oxygen  when  active  than  when  ash-i^iK 

Oxygen  is  essential  to  the  germiniiOun  uf  seeds,  and  to  the  growth 
of  plants.  Although  plants  take  n[»  carbon  dioxide  and  exhale  i>xygen, 
they  also  brciithc  as  do  animals,  absorbing  the  hitter  and  exhaling  the 
former.  Even  the  anaen>bie  urganisms  consume  oxygen,  although 
living  where  air  is  wanting,  for  they  s|»lit  U]^  eumhi nations  of  oxygen 
and  otiier  elements,  Thu>,  in  dilul*'  stigiir  sulutiuns  they  withdraw 
some  of  the  oxygen  aud  split  up  the  sugar  into  airhon  dioxi^le  and 
aleohoL 

For  sustaining  animal  life,  it  is  essential  that  the  air  shidl  contain 
not  far  fn im  the  rmrmal  am*»unt  of  i>xygen  ;  that  is,  that  it  shall  lie 
neither  mneh  ilimiuishe<l  nnr  yet  in'cr-rich  in  that  element.  Human 
life  is  impossible  in  air  wliieh  eoutiiins  but  four-fifths  of  the  normal 
amount,  and  equally  so  in  an  artitieial  atmosphere  containing  materially 
iiiore  than  the  normal. 

In  man  and  animals,  the  ti^snes  do  not  receive  oxygf*n  in  the  free 
<*«>ndition,  for  wlitni  tlie  air  i>  inspired,  tlic  oxygen  rs  taken  up  by  the 
red  bhxjd  corpuscles  and  unites  with  the  lMem<ig!4ibin  to  form  an  un- 
stable comptun<l,  iixyhjemoglHliiu,  which,  as  the  blood  ein^ulates  through 
the  tissues,  is  dtvom posed  ;  tlie  tLxygen  is  then  taken  np  by  the  cells, 
jind  eventually  retnniKl  to  the  bl<M>d  in  the  form  of  ciirbon  dioxide,  and 
eliminatcil  as  such  from  the  IkmIv.  In  an  artificial  atmosphere  con- 
taining an  excessive  amount  of  iixygen,  the  haemoglobin  lxH:omes  sat- 
tiratc«d  with  the  gas,  part  of  whielj  bwomes  dissolve<l  in  the  Ijlood  sernm, 
ind  then  acts  as  a  [Miistin  to  the  tissues  and  destJ:^>y&  them. 
15 
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Inspirt^l  air  loses  about  a  fourth  of  its  oxygen,  and  is  returned  to 
tiie  atiiHispht^iv  rich  in  impurity  ;  Init  diiiiLsioij  occnirs  so  mpitUy  that 
ihe  atiuusphere  of  a  thiokly  setthnl  city  shows  no  very  nuitoriiil  varia- 
tion from  that  of  the  ojii^n  etnuitry* 

The  lim^s  are  m-ver  fihed  with  pure  ;iir  after  tlie  tii>t  respinuiou 
at  birth,  siiiee  they  are  never  wholly  eiu|)tiwl,  and  they  eonse<|Uentl\^ 
contain  an  impure  residue  of  air  atter  eaeh  expimtion.  The  ijp|w^r 
part  of  tiie  respinitr>ry  traet  is  the  only  ]}art  that  rweives  strictly  inire 
air.  Profess(»r  Riehet  has  deJiionstnited  tlmt,  if  tlie  ivspimtijry  tnui 
he  lentj^thened  artitieially  by  means  uf  a  niliher  tube,  pore  air  will  never 
reach  even  the  up{H*r  air-j)assa^a*s,  and  the  animal  will  die  of  asphyxiii. 

The  amount  of  oxygen  absorlKnl  varies  with  age^  tMjndition  of  hc^ulth, 
and  activity.     Aeeonliu^  U*  Pnifess^ir  Foster,  an  avenip*  pernm  inhale 
iu  24  hours  a  be  Kit  34  pounds  of  air,  whi<'li  eorresptnnls  to  a  little  mor 
than  7  jximids  of  oxygen  ;  ami  as  the  Iniig^  absorb  about  a  fourth  of 
the  oxygtM)    iulialed,  it   appears   that   the  average  amount  of  oxygen 
absorbed  daily  is  nairly  2  jxiunds, 

NITEOGEN. 

The  principal  tM:KistitueTit  i»f  tiie  air,  uitmgen,  takes  no  part  in 
respiration,  and  is  not  hieivastHl  in  exi>iriH)  air ;  bnt  although  it  is 
imliflerent  ami  inert,  it  is,  neveitheleK^,  by  no  metins  nnuuptirtant. 
Ill  the  first  jihiee,  it  serves  to  dilute  the  oxygen,  so  that  the  latter  i^ 
respirable ;  and  iu  the  second  |>laee,  it  plays  an  im[>ortimt  [mrt  in  tlie 
growth  of  plants,  the  original  souit'e  of  all  nitn>geuous  food,  for  that 
which  we  cojisnme  iu  tlie  form  of  meat  is  from  annuals  that  have  binlf 
np  their  tissues  frmu  vegetable  f*M*(b  As  a  diluent  of  oxygen,  it  serves 
to  prevent  too  gitiat  activity  of  that  element^  whieh  canut>t  be  breatlKnl 
W'ith  impunity  for  any  length  of  time  when  present  in  an  atmosphere 
to  a  greater  extent  than  its  normal  amount. 

I  low  nitrogen  is  absorbed  by  |)lauts  we  kncm'  only  iu  \nin.  Certain 
low  forms  (luyccHa,  etc.)  sei^m  to  al>surb  it  tlin^ctly  from  the  atmosplieie 
when  exjK^sed  freely  to  hght  and  nir.  Some  of  the  higher  foruLs  (}>e;is» 
beans,  clover,  etc)  acquire  it  through  the  agency  of  certain  nden>" 
organisms  whieh  an*  present  iu  no<lides  iu  their  rtM>ts,  and  withfiut  which 
they  will  not  thrive.  These  inieroH uranisms  take  the  nitn»gen  fmm 
the  atmosphere  and  give  it  in  some  feirni  U)  the  plants.  That  this  i*v 
so,  is  provcil  by  the  fact  that  the  plants  will  thrive  in  a  Hiil  (piite  fn.'c 
fnjm  nitrogen  (in  clean  sjind,  flir  instance),  and  stfire  nj)  in  their  tissuei? 
an  amount  of  nitrogen  fsir  in  t-'xct^i^s  t>f  that  wliic4i  was  originally  pre*-- 
ent  in  the  swmIs,  jirovidwl  these  niicm-organisuis  are  present  iu  thr 
niMjules  of  the  n)ots.  If  they  are  not  prcj^cut,  the  plants  will  not 
thrive,  but  may  l)e  made  to  do  so  by  the  application  of  water  contain- 
ing cultures  (►f  the  orpmisms.  Of  the  tloiibtless  many  species  whieh 
ciin  ii]K  atninsphen<^  nitmgen,  or  wliieh  iM  h\  doing  sc^  the  fblloMing 
may  be  mentitiuetl  :  B,  imy^tdherium^  />\  ffttorv^nfus  ih^urJ(u*hmH^  Ji.  pvo^ 
teu^  vu/gai'Uif  B,  buti/riettSf  B,  mpcifidtSf  B,  Mtmnterieim  vufgattui. 
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On  the  other  hand,  certain  plants,  grown  in  the  open  air  in  soils 
from  nitrogen,  and  protected  from  receiving  ammonia  and  nitrates 
-from  the  rain,  will  show  no  more  nitrogen  in  their  whole  organization 
lliaD  was  present  in  the  seeds  from  which  they  sprang.  The  subject  is 
Lione  which  has  been  investigated  but  jnirtly,  and  future  research  will 
r.doobtless  show  that,  under  natund  conditions,  all  plant  life  takes  up 
Su-.iii  gome  way  more  or  less  nitrogen  from  the  atmosphere,  as  well  as  from 
[L  ntrogenous  compounds  in  the  soil. 

AROON. 

Up  to  the  time  of  its  discovery,  the  element  argon  was  included 
under  nitrogen  in  the  tables  of  composition  of  the  air.  How  much  is 
present,  is  not  yet  accurately  determine<^l.  It  was  discovered  in  1 894^ 
by  Lord  Rayleigh  and  Professor  Ramsay,  by  whom  later  it  was  esti- 
mated as  composing  about  0.75  per  cent,  of  the  atmosphere.  Leduc 
gives  its  amount  as  0.94,  and  Schloesing  as  0.84.  It  is  quite  inert, 
and  cannot  be  made  to  combine  with  any  other  element,  although  it  has 
been  combined  by  Berthelot  with  benzene  under  the  influence  of  electric 
discharge. 

HYDROGEN. 

According  to  the  extensive  researches  of  Armand  Grautier,  hydrogen 
18  present  in  sea  air  and  other  pure  air  in  fairly  constant  amount — about 
0.015  per  cent.     It  is  believed  to  be  due  to  various  fermentative  proc- 
«8e8,  and  to  be  contributed  also  by  mineral  springs  and  volcanoes. 
:    8o  far  as  known,  its  presence  is  devoid  of  sanitary  importance. 

Other  elements,  as  krypton,  neon,  and  metargon,  also  discovered  by 
Professor  Ramsay,  coronium,  discovered  by  Nasini,  and  several  others, 
•remteresting  solely  from  a  purely  scientific  standpoint. 

CARBON  DIOXIDE  (CARBONIC  ACID). 

All  air  contains  carbon  dioxide  as  a  constant  constituent.     The  nor- 

f      >ttal  average  amount  in  pure  air  is  but  slightly  in  excess  of  3  parts  in 

■      10,000,  or  about  0.03  per  cent.,  and  not  4  parts,  as  commonly  is  stated. 

Aa  little  as  2.03,  and  even  1.72,  has  Ikkju  obs(»rv(H^l  in  the  air  on  moun- 

*>*D-top8,  although  generally  we  ex|)ect  more  nither  than  less  than  the 

'^^^'nial  amount  at  high  elevations. 

Carbon  dioxide  is  a  result  of  oxidaticm  of  organic  matter,  and  owes 
'^«  presence  in  the  atmosphere  to  resj)i ration,  fermentation,  e()ml)ustion, 
«nd chemical  action  in  the  soil.  An  average  man  exhales  alxnit  20 
ji^rs  in  an  hour,  and  very  nciirly  a  kilogram  in  a  day  ;  women  exhale 
j^,  and  children  and  aged  persons  still  less.  The  amount  exhale<l  is 
'Dcrea8ed  by  muscular  exertion  and  diminislunl  by  rest.  Birds  send  out 
^pJ^  in  proportion  to  weight  than  other  animals.  The  resi)inition  of 
™lion8  and  millions  of  human  bt^ings  and  animals  is  constimtly  throw- 
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ing  iLitt)  the  atm^wphvro  couiUlcss  tons  iif  tlio  ga^ ;  every  ton  of  ei»al 
iu  burning  yi«*Idi*  more  than  67,(H>0  cubic  feet ;  every  cubic  foot  of 
i'ivdl  gn8  yields  ab^nit  double  its  volume  ;  every  pound  of  aiudle  nearly 
tlirt^e  tiine?^  its  weight  (2*70**);  every  pillon  of  oil  and  kerosene,  and 
every  pieee  of  wood  use<l  a<  fuel^  rontributes  its  jiropc^rtion.  Huge 
voliuiH's  are  sent  forth  coiitinuully  by  tlie  soil  air,  which  contains  it 
in  al»undanee,  and  by  niiuend  s|jriugs,  the  waters  of  which  e<uit«tin  it 
under  pressure.  It  has  Ixvn  estiniatiMl  that,  from  all  Hjurefs,  5;(KH) 
million  tons  are  dischargtHl  annual ly  into  the  atmosphere.  It  is  slightly 
more  alanuliint  in  cities  than  in  tlie  eeinntry,  juul  at  niglit  than  by  day. 
It  is  highest  iu  amount  at  a  given  hieation  during  autnmu,  and  lowest 
in  winter.  It  is  more  abuudaut  iidand  than  (*n  thec^xist.  It  inciieases 
4=t»mewliat  as  \vv  ascend  from  sea-leVel- — aeera'diu^  to  Schlagintweit,  up 
toll^OUt^  fei't.  Its  removal  from  the  atjnosphciv  is  mostly  through 
the  agency  of  growing  vegt^tation,  Init  materially  also  by  absorption  by 
IwjKlies  of  water,  which,  at  ortliuary  temiK^raturc  and  jjrcssnre,  will  take 
U|)  its  own  volume  of  the  gas.  It  has  been  calcnlat*'<l  that  the  mvan 
contains  about  ten  times  as  nuich  as  the  wliole  atmosphere.  All  gnn-n 
plants  absorli  it  by  day,  and  by  means  of  their  e|jh>rophyll  brmk  it  up 
into  carbon  and  oxygen,  the  former  !)eing  used  iu  building  tis.sue,  and 
the  hitter  returneil  to  the  air  as  a  waste  pnKlnct.  This  (irmrss  of  nutri- 
tion goes  <*n  indy  under  the  inHueuee  of  li^ht,  and  cimsequently  by 
tlay  ;  but  there  is  also  a  respinitory  function  that  is  active  both  day 
un<l  night,  and  lias  the  same  i^ffeet  an  air  as  that  of  the  resj>iratiou  of 
ntdmal^  ;  nauu'ly,  tht^  consumption  of  oxygtni  ami  d isc I un^ge  of  car- 
bonic aeid.  But  tlu-  n-spiratory  jmtktss  has  hnt  a  trivial  influence  in 
comparison  with  the  ehlorojiliyllian  funetitni.  It  is  t\*<tiniatetl  that  an 
acre  of  w<Kxlland  withdraws  ui  one  season  almut  four  an<l  a  hali*  ttoi^, 
retains  mnrt^  than  one  and  one-iiftb  tons  of  carbiui,  and  returns  thn^* 
and  a  qnaiier  tmis  of  oxygen  to  the  air.  The  slight  increase  at  night 
is  due  suppioedly  in  j«irt  to  its  exhalation  by  plants  in  their  ivspira- 
tiim,  and  also  to  <MHTents  of  soil  air,  whieh  asei'iids  as  soon  as  the  air 
at  the  suHace  Iki-oiucs  cc»lder,  and  consequently  hcjivier,  than  itself. 
Dnring  the  day,  the  soil  air  is  e(»lder  and   i^emains  stationary, 

( "arWn  dioxide  is  a  hc^avy  gas,  iiu'apable  of  sn|i[iorting  ctimbustiou 
or  respiratifMi,  and  serving  no  us^^ful  pnqnise  iu  aniuud  tissues.  It 
constitutes  abiMit  4  ]kt  cent,  of  cx|artHl  air»  iu  whieh  it  is  au  €»xcretion 
of  the  body.  It  is  iu  itself  inert,  mid  incaiKd»le  of  exciting  any  j»t»i- 
8onous  action,  l>nt  will  cause  asphyxia  when  pn^seiit  in  sufficient  a ttjoiuU 
to  intcrt'ere  with  the  atmos]>herie  r>xygen  iu  the  perforniamu'  oi'  it.-^ 
function. 

An  atmosphere  of  respirc<l  air,  containing  4  per  cent,,  ot"  ctirlxm 
dioxide  and  about  It]  per  et^nt,  of  oxygen,  will  not  sup]iort  life  longer  tlian 
a  short  time,  since  the  l>lorrtl  cauni>t  get  suffic^ient  oxygen  for  the  neixls 
of  the  cells  and  tissues,  and,  in  additi<«n,  ranmit  rid  itself  of  its  tT>^ 
Gas  exehange  iM'twei'u  the  blrMKl  ami  iuspIriHl  air  deiw  iids  ngum  the 
tension  of  the  gas  in  both  m^Hlia,  an<l,  therefore,  as  s4)oji  a>  the  tension 
of  the  CXJj  in  the  atmosphere  ex(*eeds  that  of  the  CO^  of  tlie  bloody  the 
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lllood  eoqjiiscles  cannot  excrete  it,  but  must  retain  it.    In  consequence, 

^  wphyxia  occurs. 

The  question  as  to  lunv  nuich  COj  is  |)erniissible  in  air,  has  been  an- 
«wer«d  variously.  We  assume  3  pjirls  in  10,000  as  the  normal  amount, 
and  all  in  excess  as  impurity  due  to  respiration  and  combustion.     A 

-  total  of  6  or  7  parts  in  10,000  is  rejrjirdeil  by  the  best  authorities  as 

-  tlie  permissible  limit,  and  10  in  10,000  as  distinctly  harmful.  When 
tlie  amount  reaches  10  |)arts  in  10,000,  the  air  l>e^ins  to  be  "close"  ; 
and  when  it  reaches  lo  in  10,000,  it  is  likely  to  cruise  headache  in  those 
■Darcustomcil  to  impure  air.  In  crowdeil  assembly  nx>ms,  as  churches, 
theatres,  and  schools,  the  amount  may  nrach  100  parts  in  10,000 ;  and 
more  tlian  twice  as  much  has  been  found  in  a  Swiss  stable  crowded 
with  men  and  animals.  The  air  of  the  hall  in  which  the  German 
Public  Health  Society  (Deutscher  Verein  fur  otfentliche  Gesundheits- 
pfl^)met  in  Nuremberg  in  October,  1890,  contained  24.10  in  10,000 
at  the  b(^inning  of  one  of  the  addresses,  and  4»3.20  at  its  close. 

A  largi?  amount  of  carbon  dioxide  may  be  ])reseut  in  air  without 
pmduoing  any  ill  effects,  if  there  is  plenty  of  oxygen  present.  Thus, 
Regnault  and  Reiset  have  proved  that  animals  am  live  in  a  mixture 
of  25  per  cent,  carbonic  acid,  .'50-40  per  cent,  oxygen,  and  nitmgen. 

It  has  been  held  generally  that  COj  up  to  20  :  iO,000  is  in  itself 
harmless ;  that  the  deleterious  agents  in  jx)llutiHl  air  are  orgjinic  mat- 
ters thrown  off  by  the  skin  and  lungs  in  com|)iuiy  with  it ;  and  that  it 
>«n'e8as  a  convenient  index  of  their  amount.  It  has  been  the  custom 
to  sav,  "  The  more  c^rlxmic  a(*id  we  find,  the  more  organic  matter  we 
infer."  These  poisonous  orgimic  matters,  how(»ver,  though  much  sought 
«fter,  have  never  been  isolated,  although  a  number  of  observers,  using 
^ilty  metho<ls,  have  trom  time  to  time  obtiiined  erroneous  results. 
This  .subject  will  be  considered  farther  on. 

OZONE. 

Ozone  is  a  normid  but  by  no  means  constant  (constituent  of  the  air. 

I^  is  gimerally  absent  from  the  air  of  large  towns  and  <*ities,  and  is 

^taost  never  present  in  the  air  of  an  inhabitt^l  room  (U*  near  d(H.'om- 

P**in^  matter.    It  is  found  in  minute  amounts  (maximum,  1  :  700,000) 

'"  the  oj)en  air  of  the  country  and  s(»a.    It  is  most  abundant  at  s«i  and 

"^rwwKls,  and  somewhat  more  abundant  un  mountains  than  in  valleys 

^^^  on  plains.      It  is  more  abundant   in   the  morning  in  the  colder 

."^^*nth.s,  and  in  the  evening  during  hot  weather ;  it  is  more  abundant 

"^  Mfinter  than   in   summer.      It  is  stated  that  it  is  most  abundant  di- 

"y^ly  after  a  thunder-storm,  but  beyond  the  fact  that  it  is  ])r(Kluce<l  by 

^  passages  of  the  eW'ttric  sjKirk,  there  is  nothing  to  substantiate  this 

t^tement.      As  a  matter  of  fact,  the  origin  of  o/one  in  the  atmosphere 

***  iinknown. 

Oaone  is  an  allotropic  form  of  oxygen,  consisting  of  mole<*ules  con- 
fining three  atoms  of  that  element.  It  has  been  liquefied  under  great 
P^^sHure  (127  atmospheres),  and  in   that  rondition,  and,  inde^l,  in   th(» 
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ga.^e<3iis  form,  liiis  n  det^p-blue  color.  It  h  [irrxlueefl  by  tl^e  |ia£sage  of 
the  electric  .sf>ark,  by  slow  fvxidation  of  phosphorus,  luid  In  the  electml- 
ysii^  of  water ;  but,  as  lias  Iweii  s^^iid,  rts  f>ri^in  as  a  iiorniul  ctnistittieiii 
of  the  ntmospliere  has  not  been  explained  sjitisfa(*tc»rily.  It  bus  tin  rnior 
n^»t  unlike  that  of  cHhjted  chlorine.  It  has  very  strong  rjxidizing  |K»\ver, 
lunch  more  hi  tlian  oxygen,  whirh  it  exercises  most  actively  lioth  on 
metals  and  on  or^iale  matter  ;  heii(\»  its  abseuee  from  the  nir  of  iiituib- 
ited  riK)ms  and  of  densely  jmpiilattil  areris,  cbnrtred  with  or^nic  matter 
and  dust  of  all  sorts,  is  cjLsily  explainable.  Tt>  this  ]vro|M?rty,  its  dhni* 
luitioii  in  autumn,  wheu  dtH'oui|wi>itiiPji  |ii^><hjctvS  are  i^tnieratetl  mn*rt 
actively,  may  proix^rly  l)e  attril>uti»iL  Its  presence  in  the  air  of  any 
place  18  fair  evidence  of  freetlom  from  oxidizable  matters. 

Oz^uie  has  an  ex<'eitlingly  irritating  eflcet  oti  tlie  respirahirs'  uincoiis 
membra ucs,  and  when  luhah/d  with  oxy^cu  in  tlie  proiHirtion  of  1  jwirt 
in  240,  (piiekly  produces  dciitli  iti  auiuials  sulijectt<l  to  it.  It  i.s  1k^- 
lieved  to  exert  a  peruieious  intinenw  in  iuHamniatory  eoiiditions  of  the 
lungs  and  bronchi,  even  when  present  in  not  uxneh  more,  if  any,  than 
the  ordinary  amount  in  the  atmosphere.  We  actnally  knt>w  little  or 
nothing  rd"  the  elK^ts  of  ozone  on  the  system  in  the  amounts  ordinarily 
present  in  air,  but  the  absunlity  of  the  expressirui  so  oi*ten  nseii,  that 
one  has  ♦*  gone  to  Ijreathe  the  jurre  ozone  *'  at  a  health  resort  is  manifest. 

Peroxide  of  Hydrogeil  {li/>;)  is  believed  to  exist  in  minute 
traces  in  the  atmosphere,  and  to  exert  some  inHueuce  in  the  prm^ess  of 
oxidation. 


AMMONIA. 

Ammonia  is  constantly  present  in  the  air  in  very  slight  traees.  It 
exists  in  the  fixn*  .state  and  in  eond*ination  as  nitrate  and  carbonate*. 
Daily  analysis  of  the  air  at  Moutsouris  for  tive  years  gJivc  as  a  mean 
for  a;nmon!a  2.2  milligrams  p?r  100  cubic  meters.  It  proved  to  be 
highest  in  amount  in  summer  and  lowest  in  winter.  It  is  dindnishc^l 
in  rainy  weather,  lieeause  it  is  absorbwl  by  the  rain  during  passag** 
tln'<»ugh  the  atmosphere  ;  it  is  inereascHl  with  rising  temjierature  ^ome 
time  after  rain  has  <'eas(Ml  falling.  As  it  is  one  of  the  jxroduets  f>f 
dee<un)Hisition  of  nitrogenous  oi^nic  matter,  j)erhaps  nowhem  more 
observable  than  in  staldes,  where  it  is  plainly  |>er(Mi'ptible  to  the  sense 
of  smelly  it  is  hardly  uci^essary  to  point  out  that  its  sources  are  various 
and  innumerable. 

NITROGEN  ACIDS. 

Xitrous  and  nitrie  aeids  are  also  present  in  small  traces,  due  in  part 
to  the  uuimi  of  atmosplieric  oxygen  and  nitrogen  through  the  agency 
of  eU'ctrieal  diseharges,  and  in  pjirt  to  the  action  of  ozone  on  ammonia. 
Xitrie  ac*id  is  found  in  et>m|>;vmtive  abnuihincc  in  tuiildi ngs  liglited  by 
means  of  the  aiv  light,  I  tut  it  is  mjt  ]u-obuble  that  tlie  amount  preseut 
i.s  of  sanitary  im  porta  uc*e. 
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AQUEOUS  VAPOR. 

Aqiie<3U8  va|nir  k  a  unrm;il  ('uu.stituoii!:  whirli  r^^urs  in  variable 
amouiit^y  iiittiit^iic*ed  by  a  numlR^r  nt"  nutiiral  ctuidition^,  tbe  rhiet'  nf 
winrh  18  tho  teiupfraturv.  It  Ify  an  invisible  ga^,  lij^bter  tliuu  air  and 
very  muxjually  diflusi'^l.  Its  .siuirf*<\s  are  iiuniercnis ;  some  eorues  lVr»m 
the  evaporatiun  i>i'  water,  H>nie  f'hJin  soil  moist ure,  some  from  the 
lungs  and  ??kin  of  animals  and  man,  some  fnun  the  lefive^  of  growing 
jilant^,  iHjrae  from  combustion.  Initoors,  a  eonsidenil>!e  amount  i^  com- 
munieate«i  to  the  air  thron|i;li  the  eonilaistiou  of  illnniinants* 

Aeajnlin^  to  Professor  Foster,  an  aduh  man  ^ive.s  off*,  under  oiili- 
uarily  lavorable  eondition^,  about  4  (Main* Is  nf  watery  vajMU'  from  the 
«kiu  and  lungs  daring  twenty-four  luairs  ;  2 J  pounil^  by  the  skin,  and 
the  rcmainrler  (Pettenkofer  and  A'oit  say  10  cauiees)  by  the  hmgn.  An 
adult  healthy  tree  of  fair  size  give*s  off*  jui  mnonnt  whieh  is  enonnoas  in 
c«iinparison.  Tlie  amount  of  water  rxludiHl  l>y  plmits  has  b(>en  esti- 
mated by  Ilellriegei  to  vary  fn>m  lioO  t^*  4(MJ  times  the  wei*jlu  of  the 
^T\  oi^nic  matter  formed  during  the  same  time,  whieli  UM^an^s  that 
during  the  growth  of  c^neli  ton  of  green  gnis;^  or  leaves  of  any  kind^ 
there  have  bemi  ex  Italic  1  therefrom  many  t<>ns  of  water,  and  that  in  the 
prixluL'tion  of  each  ponml  of  dry  matter,  an  average  of  3*2 i>  pounds  of 
water  has  lM>en  diseharged.  TIae  evaporation  of  water  from  foliage  has, 
among  other  irnpirtant  funetions,  tliat  of  ke(*|iing  the  temperature  be- 
low the  i>oint  wtiere  the  vital  proresses  would  l)e  intejfered  with. 

The  arnonnt  of  aqueous  va|»or  whieh  a  volume  of  air  will  absorb  and 
ntain  defH'uds  on  the  temperature.  I^Vjr  each  degrei^  of  tempemtun^,  a 
volume  of  air  Civn  take  i\\\  a  definite  amount  of  va[w>r,  and  no  more; 
and  when  it  has  taken  \i\\  this  ammmt  it  is  said  to  be  **  satunited." 
The  higlter  the  temperatniv,  the  gn^ater  the  ainoiuit  it  ean  liohl  ;  and 
henre  when  a  volume  of  air  eompletely  saturat^^tl  is  Rjbjeete<l  to  a 
change  in  temperatui-e,  one  of  two  things  will  oc^ur  :  if  the  temperature 
Ls  increase^],  it  can  tsike  up  more  vaiMH%  and  benee  is  no  longt^r  situmte<l ; 
if  it  is  diminished,  the  aqneous  vapor  is  in  exeess  of  the  amount  re- 
ijuired  fi>r  siitnration  at  the  new  teinjM^mtnre,  and  the  exet^ss  wiJl  be 
condensed  and  preeipitate<l  as  moisture.  At  0^  C,  a  volume*  of  air 
takei^  up  j\-^  of  its  weight  of  aqueous  vapir  ;  at  15*^,  it  takes  up  twiee 
a.s  mueh  ;  at  :30^',  four  times,  at  45°,  eight  tinier,  and  at  <>0°,  .sixttn^n 
tiniei?  as  mueh.  Tluis  it  appeai-s  that,  with  eaeli  inerease  of  lo*^  C,  in 
temperature,  the  t^ipaeity  for  aipii'^ais  vapor  is  doublet!.  At  15°  C, 
(59°  F.),  a  cubic  foot  i>f  air  will  hold  nearlv  6  gmin^  of  water  vap>r  ; 
at  ,W^  C  (86°  F.)  it  will  hold  twiee  as  nuieh. 

Evajwrnition  cannot  go  on  when  the  surnmnding  air  is  satiiratwl  ; 
therefore,  tlie  presfruee  of  a  bxly  of  water  will  add  nothing  to  a  satu- 
rated atmosphere.  But  jdants  and  animals  can  continue  to  give  off 
the  vapor  to  an  aln^dy  saturatwl  atmosphere,  whieh,  however,  con- 
den^?*  and  de}>osits  the  ext^'ss  at  once,  jK«rhaj>8  on  the  very  suHace 
where  it  is  originate b  as  ou  tlie  h^i»f  of  a  tree  or  on  the  skin  of  man. 
The  ilifference   between   eva|)*iratiou   nnd   transpiratiim,  whieh    is  the 
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pnHXM*  k*rm  for  the  ^riving  nfl'  of  vn[>(»r  Uy  animals  anxl  plants,  is  llmt 
tlie  iiiie  is  riRTely  phy,<irjil,  while  thi^  ntlttT  is  a  vitiil  pnHvi^ss  due  to  the 
artiim  nf  living  rv\U. 

The  mtc  of  eliniinatifvii  of  water  In-  tlii'  ImhIv  in  a  state  of  i^e^t  cli^ 
}>endi5  iijK>n  the  amount  of  hiniiHlity  jjre.^ent  in  the  air.  Deterniiiia- 
tion?^  by  liulnier  and  von  Lt*waselje\\  '  il«'rnonstrfitetl  tlie  great  infln- 
enee  of  iMunidity  in  this  |»Jirti(*nhn:.  At  15^  (\  in  nutist  aii%  the  dailv 
elinrniatioii  Tell  tn  211)  grams,  while  in  iliy  air  at  the  timiH'  tem|»ei*utnre 
it  rose  to  H71.  The  rate  rises  with  thi*  teniji^Tature  in  Ix^tli  moist 
and  dry  air,  and  thi«  more  promptly,  the  greater  the  dr}*nes8.  The 
r»uter  air  contains  efirninonly  from  IH)  to  7o  per  eent.  of  the  amount 
lux'essary  tor  saturation.  In  some  phiees  notetl  ffn*  tlie  dryness  of 
the  air,  the  amount  is  mueli  Im4ow  ;  in  otheiN,  where  the  opjMisit^*  is  the 
c-ase,  it  i^  alxive. 

Relative  humidity  i^^  the  degree  of  appro^ieli  to  Kitunition  at  any 
given  teniperatiijv.  Thus,  **  relative  hnniidity  80 '*  means  that  at  the 
observed  tempeniture,  the  atr  holds  hot  SO  jkt  <:^nt.  of  the  armamt 
whieh  it  eiin  take  up.  Absolute  humidify  i>  tla>  actual  weight  of  nioi>t- 
uit'  in  a  given  air  s|)aee. 

Aqueous  vapor  ex*'rts  a  most  im|Kirtant  influenet\  By  day,  it  ab- 
sorbs pait  i>f  the  snn's  heat  and  temjxTs  it  ;  l>y  night,  it  aets  as  a  pro* 
tirting  bhiiiket  To  the  earth  hy  pi^eventing  too  great  loss  <»f  lunit  by 
radiatitm.  At  night,  the  eiirth  gives  up  jmrt  of  the  heat  which  it  has 
absorlied  during  the  day  ;  and  when  tlie  air  is  very  dry  and  the  ?ky 
verv  *"lear,  the  tem|N'ratiiri'  falls  mueh  more  than  whtn  there  is  mom 
v*apor  ]>re.sent  in  prevent  1^^^?^  hy  radiati(*n.  In  the  8aliara,  atler  the 
hottest  days^  the  nights  are  gen4'rally  very  eool,  the  teni]>t*ratuiv  Ikll- 
ing  sometinia'*  30  to  40  degrees  C  in  a  few  hours.  At  high  altitudes 
also,  where  the  14ank(4  of  vapor  is  tlun,  the  fall  in  teni)H'ratun»  at 
night  is  verv  niarke<l.  Al>seni'e  of  aqueous  va|>or  jwrmits  the  eoftUng 
process  to  begin  as  soon  as  the  sun  gets  low,  ami  i*^  may  form  in  a 
few  hours  whei^,  during  the  day»  the  sun's  heat  !iad  been  intoierahle. 
This  Is  sti'U  in  tlie  great  deserts  and  at  high  altitudes* 

It  is  notie<*fl  eonnn*mlv  tliat  tlu*  fiist  frosts  ttf  autumn  and  tliose 
which  eome  m-easionally  in  the  middle  and  later  parts  4if  s]Trtug  occur 
(julv  on  very  tJmr  nights  with  low  humidity. 

An  amount  of  waten'  va|H>r  approaching  sattirattou  gives  rise  todis^ 
comfort,  whetlier  tlie  tenipenitnie  i>e  high  or  h>w.  Tlie  *Vstieky  "  days 
tif  summer  and  the  ''  raw  ''  one^  of  winter  «>we  their  disagreeai>lenesj« 
to  their  higl*  rchitive  humidity.  In  a  1h»1  saturated  atmosphere,  w hile 
timft5W»ti*^w  i^n  pnJceiJ,  evaporation  csmuot,  and  lience  the  ecMiling  ■ 
^Ammet  rf  tAmi^^nnition  is  missing.  The  sweat  stays  on  the  skin  in 
ll^  tgiM  ^**"*  iii^stcad  of  pjissing  into  the  air  as  a  vap(*r,  and  the  woi'd 
*^mtk^^  Wfomc^  singidarly  api>ropriate.  On  the  rither  hand,  willi 
^  high  temjKTature,  the  sw^eat  diw*s  not  condense  and 
niitr -gfci^  litit  losses  into  the  airland  tninspiration  is  aot 
Hj  ilv  Ihv»^  Hence  the  great  Ixiirability  of  dry  heat  as 
^AK^Tfur  IlygTJt'ne,  XXIX.,  ji.  L 
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pared  with  moist.     Saturation  at  low  temperature  has  as  great,  if 

greater^  influence  on  bodily  comfort.     It  does  not  follow  that  since 

feels  the  heat  more  acutely  with  high  relative  humidity,  this  condi- 

will  enable  one  to  withstand  the  opjK>site  discomfort  of  cold. 

ksdeed,  the  reverse  is  true.     At  low  temjieratures,  saturated  air  causes 

p  greater  withdrawal  of  heat  than  dry  air,  and  intensifies  the  sensation 

'fqji  cold  ;  for  moist  air  is  a  much  Ix^tter  heat  conductor.     Cold  dry  air 

fliv  much  more  comfortable  than  air  some  degn^es  warmer  but  materially 

ist.     In  the  very  cold  climate  of  eastern  SilxTia,  the  air  is  so  dry 

it  50°  to  60°  below  zero  F.  is  no  hardship,  provided  one  wears  com- 

^fietely  dry  clothing,  while  with  moist  clothing  one  would   jxjrish  in  a 

short  time.     Some  parts  of  Siberia  are  both  cold  and  damp,  and 

f  fcmce  uninhabitable.     Atmospheric   moisture  has,   therefore,  directly 

opposite  effects  ;  it  intensifies  the  effects  of  heat  and  also  those  of  cokL 

DUST  AND  MJGRO-ORGANISMS. 

Another  normal  constituent  of  the  atmosphere — one  of  enormous 
importance — is  dust ;  normal,  because  it  is  ever}'where  in  the  atmos- 
phere, and  because  a  perfectly  dustless  air  is  an  artificial  product  obtained 
only  with  the  observance  of  great  care.  The  individual  particles  are 
very  small,  but  at  the  same  time  very  variable  in  size,  ranging  from 
those  plainly  discernible  to  the  naked  eye,  to  those  of  extreme  minute- 
ness. 

Dust  is  organic  and  mineral,  and  has  its  origin  in  countless  processes. 
It  includes  particles  of  animal  matter,  vegetable  substances  of  every 
kind  including  bacteria  and  moulds,  sea  salt,  matters  swept  from  the 
wil  by  the  action  of  winds,  those  discharged  by  volcanoes,*  others  from 
BMinufitcturing  establishments,  from  chimneys,  and  from  the  millions 
of  meteorites  which  daily  fall  from  interplanetary  space.  The  ordi- 
DaiT  combustion  of  illuminating  gas  yields  millions  and  millions  of 
Particles  of  carbon  for  every  individual  cubic  foot. 

Organic  dust  exists  only  in  the  lower  strati  of  the  atmosphere,  but 

that  of   mineral  origin    is    everywhere.     Micro-organisms    are    very 

abundant  in  the  air  of  inhabited  rooms,  and  in  general  in  that  of  towns 

*^  cities,  less  abundant  in  the  country,  and  least  at  great  heights  and 

*^*^.     Experiments  have  shown  that  at  an  elevation  above;  6,800  fin't 

*^  air  is  free  from  them.      Pasteur  ex])ose(l  a  large  number  of  flasks 

2f  l>n)th  at  an  altitude  of  6,000  feet,  and  ol)tiiined  a  growth  in  but  one. 

jvUdall  exposed  27  flasks  at  8,000  fe<'t,  and  got  no  growth  whatever. 

f^'  Fisher'  has  shown  that  on  the  oceiin,  12()  miles  from  land,  the  air 

Jf  Usually  free  from  organisms,  and  that  at  lesser  distmees — 90  miles, 

^^^  example — it  ccmtains  but  few. 

The  air  of  cities  contains  thousands  in  every  cul)ic  meter,  against 

After  the  great  eruption  in  Java  in  1883,  a  haze  of  extrcnielv  fine  i)ai-ticks  of 
F?>ftice,  estimated  to  be  from  seven  to  more  than  twenty  miles  above  the  earth,  was 
'^'■ible  in  all  part«  of  the  world  for  several  months. 
'Zeitflchrift  fur  Hygiene,  I.,  p.  410. 
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loss  tlmn  a  huTulrerl  in  the  si  mo  vnhirne  fif  cnimtrv  air.  It  ha.s  btt'n 
i^alnilutwl  tlurtj  in  ^ImjM'ly  pHpulatrd  places,  snoli  as  Ijoni.lr>n  ami  Mun- 
fhrstor,  an  in4ivi*liial  iiihairs  in  the  wmrse  iti*  an  hnur  iipwanJ  ol 
4,lM)0j0O(>  id*  gernis  and  sjMjres.  Hut  this  tigiuv  b  ent>nnoiisly  iu  exces*' 
ui'  the  fij^ure  givtfo  hy  Fliigge/  who  estimates  tlmt  in  seventy  years  a 
nKUi  may  iiilmlo  2A,0(l(»J)nn  haeteriu,  wliidi,  he  says,  is  about  what  one 
.swalluw's  in  25  re.  of  onliirary  milk, 

TIk^  mimher  ot'  hacieria  in  air  is  iutliieneiHl  very  giviitly  by  <In'  M'incbi 
ami  miuemis  %^ajwir.  The  former,  swet^piiij^^  them  iijt  tn»m  tlie  siiHk<x% 
increases  their  nil  ml>er ;  the  hitter,  by  ecm  den  sing  on  them  and  on  tlie 
<lust  pai*ti(*Ies  in  which  they  adliere,  ciuiscs  them  to  tail  to  the  trround. 
Tliey  are  waslieil  out  rd'the  air  liy  niin»  and  are  kilh^l  by  Inu^  expoiHir^ 
to  bri|i:ht  sunshine.  Moidds,  on  the  other  hand,  liave  been  oliserved  by 
Miquel  to  inert!cise  rapidly  after  a  raiustorni,  and  to  lx»  nmeh  les* 
aHeeted  by  winds* 

The  avemj^e  number  of  organisms  found  at  STt>nls<iuns  in  an  inves- 
tigation which   lasted  six  years  was  4;!^)  jkt  cnlne  meter.     The  lowest 

results  were  observed  in  Fel>rnary  and  the 
highest  in  July,  D tiring  the  isame  j>en«Ml, 
the  numt*er  in  the  air  at  the  c^enter  of  Paris 
was^J^fnU;  the  smalh'st  figures  were  yielded 
in  January  and  the  highest  in  May, 

All  organi^ms  are  less  numerous  in  the  air 
at  night,  since  then  there  is  less  nieehanical 
disturbanec  cjf  the  mr(h*s  surface. 

Wliik' the  mnnber  of  baetena  in  outdoor 
air  may  be  fairly  liigii,  it  slmukl  be  lx)rne  in 
mind  that  the  majority  of  them  are  nf  the 
h;u'ndcss  varieties,  and  that  tlie  |Kitbogenic 
kinds  cnnstitute  only  an  intiuite^imal  |»n>- 
putirui. 

Dust,  as  has  l^een  said,  is  of  en*»rnujus  im- 
jjortanee.  Without  it  there  would  be  no  rain, 
no  fog,  ni>  clcfuds ;  the  air  wmild  Ik*  satii- 
rated  with  nnnsture,  and  every  object  would 
be  (^outinuidly  wet» 

Dust  is  largely  hygroeeopic,  and^  lliere- 
fon^  atti-aets  the  watery  vajK>r  of  the  atmos- 
phere, thus  bce<>nilng  tl»e  nucleus  for  a  tlmp 
of  rain  or  [»arti<'le  of  mist.  Were  it  not  for 
its  presence  in  the  air,  the  aqueous  vapor 
wonhl  nmdcnse  witliont  min  on  every  tree  and  plant,  everj'  n:>ck, 
every  dwelling,  every  living  ert^ture,  and,  in  short,  on  every  object  to 
Mdiieh  air  has  a<'cess. 

That  atmospheric  dust  is  necessary  tbr  the  pnKlnctic»n  of  rain  and 

fng,  may  h<^  demonstrated  ver\*  simply  by  condensing  moisture  from  a 

satumted  atmosphere  through  lowiTing  of  the  temperatui"e»  and  noting 

*  Gnrndriss  der  Hygiene,  18U7- 


AptmrKtue  for  demoii^trnHnts  the 
relallrjiv  of  dunt  to  rain  aim]  f^^ti. 
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occurs  when  dust  is  present  or  absent.    For  this  purpose,  a  simple 

;U8  such  as  is  shown  in  Fig.  8  is  all  that  is  required.     This  con- 

of  a  large  flask  fitted  with  a  rubber  stopper,  through  which  ])ass 

|k>  pieces  of  glass  tubing,  to  the  free  ends  of  which  pieces  of  rubber 

^jbing  with  pinchcocks  are  attached.     The  glass  tubes  project  beyond 

Ik  shoulder  into  the  body  of  the  flask.     If  we  pour  into  the  flask  an 

mt  of  water  rather  more  than  sufficient  to  fill  the  neck  when  the 

is  inverted  with  the  stopper  in  position,  we  have  the  conditions 

for  complete  saturation  of  the  confined  air  with  watery  vapor. 

now  we  withdraw  by  suction  through  one  of  the  rubber  tubes  a 

11  amount  of  the  contained  air,  the  temperature  falls  at  once ;  and 

iuch  as  the  air  within  Is  already  saturated,  and  since  the  lowering 

the  temperature  of  a  saturated  atmosphere  Ls  accompanied  by  con- 

ition  of  part  of  its  moisture,  such  a  condensation  occurs  within  the 

^Itek,  and  is  manifested  by  the  formation  of  a  distinct  haze  which  fills 

Ik  whole  air  space.     If  next  we  restore  the  original  pressure  by  read- 

^Wtting  sufficient  air  to  abolish  the  partial  vacuum,  the  mist  disappears 

instanUy.     The  production  and  dissipation  of  the  mist  cloud  may  be 

icpeated  indefinitely  so  long  as  nothing  is  done  to  remove  the  dust  from 

the  air ;  but  if  we  wash  the  air  thoroughly  by  shaking  the  flask  vigor- 

«ii8ly  for  a   few  minutes,  and  then  repeat  the  experiment,  no  visible 

tti«t  is  produced. 

CARBON  MONOXIDE,  ETC. 

Other  matters  found  in  air  include,  under  certain  conditions,  traces 
rf  sulphuretted  hydrogen,  sulphurous,  sulphuric,  and  hydrochloric  acids, 
tirbon  disulphide  from  rubber  factories,  marsh  gas,  carbon  monoxide 
from  illominating  gas,  fumes  of  zinc,  arsenic,  and  phosphorus,  organic 
^pors  from  offensive  trades,  and  other  gaseous  and  solid  matters  too 
numerous  to  mention. 

The  most  important  of  these  is  carbon  monoxide,  a  ver\'  powerful 
P>ison,  often  present  in  the  air  of  mhabited  rooms  from  leaking  gas 
pipes,  imperfect  combustion  of  illuminating  gas,  and  defects  in  heating 
apparatus  fed  with  coal.  It  is  yielded  in  great  abundance  by  burning 
<*Darcoal,  and  is  given  off  in  small  amount*^  from  stoves  of  cast  iron, 
^hich  material  in  a  red-hot  condition  absorbs  it  in  considerable  amounts 
ftf»ni  burning  coal.  This  was  noticed  first  by  Dr.  Carrot/  of  Chamb^ry, 
^uo  described  an  outbreak  of  sickness  traced  by  him  to  this  cause, 
^ter,  this  property  of  cast  iron  was  estiiblish(»d  beyond  a  doubt  by 
^wers.  Another  by  no  means  insignificiuit  source  is  burning  tobacco, 
^  gnun  of  which,  according  to  Gr^hant,^  yields  82  cc.  of  the  gas.  Its 
P'^nce  in  the  air  of  rooms  in  which  smoking  is  carried  on  was  ilhis- 
^ted  by  Kunkel,*  in  1888,  before  a  society  of  scientists,  by  exiK)sing 
*  J^mall  amount  of  blood  solution  to  two  puffs  of  tobacco  smoke,  and 
<'€monstrating  the  absorption  of  the  gjis  by  means  of  the  sj)ectroscopc. 

'Cwnptes  rendus,  1865,  p.  793. 

'Anmiles  d*Hygidne  publiqiie,  1879,  i).  115. 

'SitsaniCBbericht  der  physikalwch-modicinb^che  ( Jesellschaft  tax  Wiirzhurji^,  ISSS.  p.  89. 


236 


AIR. 


I 


I 


I 


I 


The  nio!-t  iiivportunt  sniirc*^  *if  all  is  illurainatin^  gaus,  which  contains 
it  in  varviriir  aunmnts,  acc-^jnliii^  tu  itj?  ithmIl^  of  maiiuf!M"tnr«\  tinder 
«*nIiiKin'  rtMidiriun>,  tlie  linkn^r  nf  pLs  ihnn  the  maiiij^  into  the  soil  ami 
thence  ioto  theMitiiiospheJV  rs  erionnous,  Petteukofer  ^  re<'k*»ued  that 
ill  Ijiidly  jiKnted  systems  at  least  a  Hf'th  of  the  annual  ontfiUt  Is  h^st  in 
the  gnmnd,  aiul  Wasserfuhr'  has  c»alenlateti  the  aoiiiial  lo>!s  in  Paris 
due  t»»  Iwiks  as  la,nOO,tKH}  cubie  rueters,  Leiikage  occurs  fnmi  itn- 
jKTteet  joints,  faulty  c<K*ks,  ami  ecuTo<le(]  Ivtni  pipes.  Bt*si*ies  that  due 
Ut  leakage,  we  have  to  reekt^n  with  that  due  tu  iiujKTfcvt  eombti>t!on. 
While  uj»  Arpnid  av  <ithei"  huriier  aeliiitF^  iH>nua!ly  jiives  otf  no  iraee 
lit"  earl>HU  inouoxide,  a  certain  proportion  <»f  the  gtis  will  e?*cmj>p  oxida- 
tion and  nnngle  with  the  air  of  the  nnmi  together  with  other  impuri* 
tii^.  if  the  pis  supply  is  not  jirofx^rly  rcL^uiatixh  The  use  of  gas 
Htoves  is  resjw>u>il>h"  fur  more  or  less  i/ontaniination  due  to  inqK'rfe^^t 
CMndaistiiHi,  t\*r  when  a  cold  ol»jec*t  is  put  into  the  flanu%  the  latter  U 
e»»Hlcd,  and  ^wirt  of  its  earhon  nionc»xide  is  given  otF  as  such,  Imper- 
fwt  eondni^tinn  of  kerosene  is  still  another  f^ouree  whieh  should  not  be 
ovcHookinl,  ior  a  smoking  lamp  exerts  a  very  cl(  cidt^l  iiiHiienee  on 
the  respinilrility  id"  tlie  air  i>f  a  nKtni,  aside  from  the  diseondV>rt  eaut^Hl 
by  tlie  pnrticles  of  MKit. 

Ia*ss  than  0,25  jK?r  cent*  by  volume  in  the  air  will  cause  |»ois»nHng, 
and  luit  1  ]ht  cent,  is  rapidly  fatal  t*)  aiunnd  life,  owing  to  the  fact  tliut 
it  iniiles  very  readilv  with  the  liainiMglcihin  i>f  the  l>ltwKl  cnrpus<'les, 
f»>rnung  a  stal»le  efiernieal  e<ini]M>und»  cHrhoxyha^jnoglobin,  which  will 
neither  take  up  and  curry  oxygen  to  the  tisanes  nt*r  promote  the  dim- 
inati*m  cd*  earlHin  dioxide.      As  a  eonscH|nence,  iisphyxia  occurs. 

In  fatal  <"^*ises  of  poisoning,  trarbon  mon«»xide  produces  a  rapid  par- 
enehymatous  degcnrration  of  the  livery  kidneys,  spleen,  and  heart. 

(  Mrhon  monoxide  has  l>etai  provt^I  l)y  L,  de  Saint  Mnrtin  ^  to  lie- 
present  in  minute  anionnt*^  in  tlie  l)lo<wl  uf  animals  living  in  citie**. 
Nielonx  *  has  gime  farther,  and  denionsl rated  its  existt^nce  in  that  i»f 
animnis  in  tlie  c*nuntry,  and,  indeeti,  in  abnut  the  ^\me  amounts  (t>.lt> 
volume  [M'r  cent,).  Nicluux  finely  bv  exjK'riment  that  it  is  not  deriveil 
from  the  air,  but  is  deveh)|ietl  tlirei'tly  in  the  system,  and  that  its 
amc»nnt  is  diminished  by  bringing  alwuit  slight  atiphyxiation.  Potain 
and  r>rHnin  ■  have  shiuvn  that,  at  urdinary  temperatures,  it  is  oxidizeil 
gradually  to  (tifl>on  ilioxlile* 

C\)ntann'n:ition  of  the  air  of  dwellings  with  giis  from  leaking  street 
mains  is  ^pute  common,  and  fatal  results  arc  not  infrcipient,  the  gas 
travelling  through  the  soil  for  considenilile  distances  and  being  drawn 
n|i  through  ceUars  by  the  ft»rce  of  as[nrjtion  brfinght  into  play  by  the 
<lit1'erence  iM'tween  internal  ami  external  temperatures.  Many  eas*-;  of 
fatal  poisoning  have  bec^n  re<XH\led  in  which  the  gjis  was  aspirate*! 
thrt*ngh   the   soil   for  more   than  a  bundretl  feet.     Such  accidents  are- 

'  r<lH«rdie  Ver^ftiiii^'  nik  I^mh-IiIkhk     Nf>nl  unt\  Sud,  Jjmimry,  1884. 

*  IketUiftie  Vit'rteijalir>iMhnl'l  fiir  otlenliirhf  iTesiindlieitwpfle^i  XVIL,  1885,  p.  309. 
^  fViinptes  If  lid  us,  I'XXVl.,  p.  WM. 

*  Ibiiieni,  CXXVl.,   pp.  LVJt),  151*5. 

*  Ibidem,  I'XXVL,  p.  938. 
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lly  more  likely  to  occur  in  streets  which,  being  well  paved, 

Dt  an  obstacle  to  the  escape  of  the  gas  upward.     The  odorous 

^tuents  of  the  gas  serve  a  very  useful  purpose  in  jwinting  out  the 

r,  but  sometimes  they  are  held  back  by  the  earth  and  cannot  |)er- 

\  that  office. 

J)r.  J.  S.  Haldane  has  pointed  out  that  air  vitiated  by  gas  combus- 

I  to  such  an  extent  as  to  show  30  parts  of  COj  in  10,000  will  con- 

I  about  1  part  of  SO,  per  500,000,  and  that  this  amount  is  suffi- 

Bt  to  cause  marked  discomfort.     The  air  of  a  room  lighted  with  oil 

I  not  unpleasant,  except  for  the  heat,  when  the  CO,  content  rose  to 

\ ;  but  when  gas  was  burned  it  was  distinctly  unpleasant  when  the 

),  rose  to  40  in  10,000. 

"SEWER  GAS." 


Another  impurity  is  what  commonly  but  improperly  is  called  "  sower 

This  is  simply  sewer  air  which  may  l)e  more  or  less  foul  by 

mson  of  containing  the  emanations  of  sewage  matters.     Its  chemical 

i^omposition  depends  upon  the  extent  to  which  the  gases  of  decora jx)si- 

"tion  are  generated,  and  upon  the  rate  of  ventilation.     It  may  be  almost 

«  pure  as  the  outside  air ;  it  may  be  as  rich  in  carbon  dioxide  as  the 

«ir  of  badly  ventilated   rooms ;   and  it  may  be  much  worse.     From 

10  to  30  volumes  of  CO,  in  10,000  are  found  quite  commonly.     Dr. 

V.J.  Russell  found  as  high  as  51  volumes  in  10,000  in  the  air  of  one 

of  the  London  sewers,  and  I^theby  as  high  as  53.2  in  that  of  another, 

while  in  an  unventilated  sewer  in  Paris  as  high  as  340  volumes  have 

been  reported.     Sulphuretted  hydrogen  and  ammonium  suljjhide  are 

ordinarily  present  in  small  amounts  or  mere  trace*,  and  may  l>e  wholly 

ibeent ;  but  in  old  unventilated  sewers,  they  may  be  pres<»ut  in  notable 

imounts.    The  highest  recorded,  299  volumes  in  10,000,  was  found  by 

Birent-Duchatelet  in  an   old   choked   sewer   in   Paris.      Marsh  gjis, 

wnmonia  and  ci)mpound  ammonias,  and  other  gaseous  pnKlucts  of  dc- 

<»mpaf?ition  of  organic  matter,  may  be  present  in  variable  amounts, 

wcordiug  to  circumstances. 

^  Sewer  air  contains  micro-organisms  and  animal  and  vegetable  debris, 
JOKt  as  does  the  outer  air ;  but,  as  a  matter  of  fact,  the  number  of 
bacteria  is  invariably  small,  and  they  are  often  wholly  absent.  This 
was  shown  first  in  1883  by  Miquel,  whose  results  have  Ix^en  eorrob- 
owted  by  those  of  a  number  of  other  inv(»stigators,  including  Carnelly 
*Hi  Haldane,  Laws  and  Andrews,  and  Percy  Fninkland.  The  first 
mentioned  conducted  a  most  elabonite  chemical  and  bacteriological  cx- 
^inatiou  of  sewer  air,  and  proved  that  from  both  points  of  view  it 
[  ^mpares  favorably  with  the  air  of  schools  and  small  dwellings,  and 
^at  bacteriologically  it  is,  indeed,  far  superior.  It  contains  fc^wcr 
^'ganisms  than  the  air  of  the  stn»ets  al>ovc  or  of  any  kind  of  dwcllino^, 
^'^such  as  are  present  come  entirely  or  chieHy  fn)m  the  outer  air,  and 
^  from  the  sewage. 

Uwg  and  Andrews  arrivcnl  at  the  same  conclusions  after  a  similar 
'"^Search.     In  each  sample  of  sewage  examined,  B.  voJl  rommunis  was 
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found  in  numbers  van'ing  from  20,000  to  200,000  per  cc.,  and  c 
allied  s|XK'ies  in  even  greater  abundance ;  but  neither  the  one  nor  any  i 
the  others  was  found  in  the  many  samples  of  air  examined.  ^ 
found,  farther,  that  the  number  of  organisms  existing  in  sewer  i 
depends  entirely  upon  the  numbtT  present  in  the  outride  air  in 
immediate  vicinity,  and  that  while  sewage  bacteria  are  largely  of  1 
liquefying  varieties,  such  are  practically  absent  in  the  air. 

The  chief  importance  of  "  sewer  gas  "  lies  not  in  its  power  to  [ 
duce  disease,  but  in  its  cajmcity  for  being  the  vehicle  for  od(»n>  whickl 
make  the  air  disagreeable,  but  not  necessarily  dangerous  to  healtk^l 
except  that  apj>etite  and  digestion,  and  hence  general  nutrition,  may  he! 
interfered  with. 

As  a  matter  of  fact,  sewer  air  has  served  for  a  long  time  as  a  vooA] 
convenient  scaj>eg(»at  in  investigations  of  the  cause  and  spread  of  out- 
breaks of  typhoid  fever  and  other  infectious  diseases,  and  as  a  mo*; 
useful  aid  in  explaining  obscure  questions  of  various  sorts.  Many  be-j 
lievers  in  the  sewer-air  thcor}'  of  dissemination  of  typhoid  fever  hold 
that  the  coarser  dust  particles  carry  the  genus  on  their  surface,  anl 
may  be  blown  about  through  considerable  distances  before  the  organiaw 
lose  their  vitality  ;  but  the  greiit  objection  to  this  explanation  is  that  in 
sewers  and  cesspools  the  typhoid  bacillus  is  destroyed  speedily  by  other 
orgjinisms,  and  that,  even  though  it  be  present  in  an  active  state  in 
liquid  sewage,  it  is  extremely  unlikely  that  it  will  be  relcjised  therefrom 
into  the  air.  Xo  ortlinary  stirring  up  of  the  water  will  throw  the 
germs  into  the  air  ;  although,  according  to  the  researches  of  Franklani* 
the  bursting  of  gas  bubbles  generated  by  decomposition  will  throw  into 
the  air  traces  of  chemical  salts  w  hich  have  been  mixed  and  dissolved  in 
the  sewage,  and  in  the  same  way  may  throw  out  bacteria  as  well.  Bot 
it  has  been  shown  by  Niigeli  that  bacteria  cannot  be  given  off  from 
moist  surfaces. 

Another  ex])lanation,  offered  by  Dr.  C.  R.  C.  Tichboume,*  is 
that  the  disease  gcnns  are  scattered  into  the  air  by  the  fermenting 
sewage,  and  carrieil  l)y  a  mist  formed  when  the  wann  sewer  air. 
saturated  with  moisture,  meets  the  colder  external  air  at  the  points 
where  ventilating  outlets  are  ])laced.  Then  each  minute  droplet  of 
mist,  carrying  one  or  more  microlx^s,  is  transported  through  longer  oi 
shorter  distances  in  the  air,  perliaj>s  into  dwellings,  and  eventually 
by  the  inihience  of  the  heat  of  the  sun  or  by  other  natural  agencj 
becomes  dissi})atcHl  as  vapor,  and  Uuives  the  organisms  susj>ended  in  tl 
atmosphere. 

The  majority  and  the  best  of  the  German  hi  vest  iga  tors,  as  Fliigg 
Kubner,  Gartner,  Soyka,  Prausnitz,  and  othei*s,  maintain  tliat  sew 
air  and  sewer  gases  are  inea})ab]e  of  conveying  the  germs  of  typho 
fever  and  other  infective  diseases.  It  is  true  that  some  of  t 
gases  given  off  in  the  putreiaetive  processes  which  go  on  in  sewe 
are  more  or  less  poisonous,  but  whether  they  are  capable  of  pnxli 

'  rnxvi'dinirs  of  the  Koyal  Su-it'ty,  1879. 

•  Dublin  Jounial  of  Meilical  Sciences,  July,  1897. 
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injurious  effects  depends  very  much  on  the  amount  inhaled  and 
the  degree  of  concentration.  In  any  event,  they  are  certainly  in- 
ble  of  producing  any  infective  disease  in  the  absence  of  the  specific 

In  any  well-constructed  and  properly  ventilated  sewer,  no  great 
lOimt  of  putrefaction  will  go  on,  since  the  sewage  matters  soon  pass 
and  are  disi»harged  ;  consequently  not  much  gas  will  be  evolved, 
with  proper  ventilation,  whatever  is  evolved,  is  soon  dissipsited  in 
outer  air.  OflFensive  gases  and  odors  are  much  more  likely  to  be 
m  off  by  unclean  unventilated  house-plumbing  than  by  well-built 
ers. 

It  is  jL*^*5erted  commonly  that  the  inhalation  of  small  amounts  of  this 
■ttr  will  produce  headache,  anaemia,  loss  of  appetite,  sore  throat,  albu- 
■unuria,  diarrhoea,  and  other  symptoms,  and  that  it  may  be  the  exciting 
Mr  auxiliary'  cause  of  typhoid  fever,  measles,  diphtheria,  scarlet  fever, 
iljsentery,  and  other  infective  diseases.     But  in  the  cases  which  are 
Moepted  as  proving  the  causal  relation,  inference  has  taken  the  place  of 
jpoof,  no  other  means  of  infection  being  ascertainable.     In  not  a  single 
i^tse  has  the  supposed  relation  been  demonstrated  bacteriological  ly. 
\     In  answer  to  the  well-known  stubborn  fact  that  the  workmen  em- 
^lioyed  in  all  the  large  systems  of  sewemge — men  whose  occupation 
mvolves  the  daily  and  constant  inhalation  not  of  traces,  but  of  large 
I  irolames,  of  sewer  air — are  as  a  class  unusually  healthy  and  strong,  with 
•  Wgh  mean  age  at  death  and  a  low  death-rate,  it  is  asserted  that  they 
[kooiQe  immunized  by  daily  contact,  and  thus  escape.     If  we  accept  this 
ftteorv,  however,  we  should  go  farther,  and  say  that  large  doses  are  a 
benefit  in  that  they  confer  immunity,  and   that,  therefore,  all  precau- 
tions against  the  admission  of  sewer  air  to  the  air  of  dwellings  are  mis- 
&ected,  and  should  be  abandoned. 

The  air  of  properly  constructed  sewers  is  in  constant  motion,  brought 
•bout  by  differences  in  temperature  and  mechanically  through  influx 
of  sewage.  During  the  colder  months,  the  temperature  within  the 
wwer  is  higher  than  that  of  the  air  above,  and  it  is  influenced  materially 
by  the  fact  that  the  entering  sewage  is  largely  wann  ;  therefore,  sewer  air 
tends  to  rise  and  escape  through  the  o]>enings  in  the  man-hole  covers. 
Daring  the  warm  season,  the  natural  interchange  is  much  lessened,  since 
then  the  conditions  as  to  temperature  are  niverseil.  At  night,  however, 
•tail  seasons,  the  temperature  of  the  air  of  the  sewer  is  higher  than 
tnat  of  the  atmosphere  above,  and  thus  ventilation  goes  on  by  natural 
«ws  the  year  round.  Much  air  is  displace<l  by  the  entering  sewage  ; 
^  feet,  disreganling  the  effect  phkIuccmI  by  the  warmth  of  the  sewage, 
for  every  cubic  foot  of  sewage  which  enters,  a  cubic  foot  of  air  is  forced 

f^t,and  as  the  sewage  is  discharged,  more  air  enters  to  take  its 
place. 
Owing  to  the  prevailing  belief  in  the  noxious  character  of  sewer  air^ 
'^Wag  formerly  the  custom  to  place  baskets  of  charcoal  in  the  out- 
let shafts  of  the  man-holes,  but  as  this  material  loses  its  al)sorptiv(* 
Property  with  access  of  moisture,  the  plan  was  abandoned.    It  was  also 
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I'egsinlwl  n.s  an  advantage  to  rtmnoot  the  Hower  with  rhininevs,  which 
act  as  ventilatiir^j  but  in  thp  lij^lit  ^A'  farther  kiiovvlfKigt'  and  bccau:?e 
of  excessive  aetioii,  tliut  iiK'tlnKl  i>f  ventilation  JHl  int<j  disuse. 

ORGANIC  MATTERS. 

Amim^  other  iuipnritits  triveri  oti'  ti>  tlie  air,  the  orgunie  nixitter!' 
fmm  the  prot^^sses  «if  the  iMidy  are,  in  a  way,  of  txiiisitleniMe  imptr- 
tauce.  The-se  include  ptirticles  of  epitiielinni,  the  eim'^tituent>>  nf  •iweat 
(butyrie,  eiiprie,  eapronie,  anil  eajirvHe  arid?^,  laetale,  l*ulynite,  nud 
frther  salts  of  annnuiiiuni),  anti  volatile  matters  irom  f*m]  nn»uth>:, 
dei'nyiu^  tirth,  and  the  digestive  truest,  and  exerenieutitious  matter^ 
dejMhsittxl  on  un*'lean  elotliing.  In  juldition  lu  these,  it  has  Im'pu 
asserted  that  other  matters  of  a  ptisonons  ehHraeter  an*  given  off  in 
the  process  of  respiration^  which  niattei's  will  lie  refenvHl  tn  later  on  in 
the  discission  itf  the  etft^cts  of  inipuiv  air  on  hwilth.  That  tlie  air  of 
i  id  Hi  hi  ted  eontinetl  sjuiee^  may  contain  organic  animal  matter,  is  appar- 
ent to  the  senses  when  one  enters  such  an  atniosj>here  from  oue  nf»t 
thu8  eo u tarn ina ted. 

Effects  of  Vitiated  Air. 

The  effects  of  fonl  air  on  the  system  are  of  giT^it  imjK>rtance,  and 
vary  in  ilegret*  within  very  witle  limits.  For  proper  aeration  of  the 
blcMHh  it  is  necessary  that  the  (>xygt^n  of  tlie  air  shall  be  [irest*nt  in  the 
normal  proportion  in  the  free  state,  and  not  in  chemical  union  with 
carbon  as  a  waste  prodnct.  Farther,  it  is  ne(^essarv  for  the  pn>|>er  cx- 
ereticiu  of  the  carbon  dioxide  i>f  the  blotKl  that  the  difference  in  tlie 
tension  of  thnt  ^itis  in  the  air  iiu<l  of  thiit  in  the  bhuKl  shall  Ik*  as  wide 
as  piissilile  ;  Mint  is  to  sjiy,  tlie  less  the  amount  of  earlittn  dioxide  iu 
tlie  iiispirt*^!  air,  the  greater  the  facility  with  which  the  Idood  can  dis- 
engage that  whicli  it  ciuTies  to  the  lungs.  Any  interference^  with  this 
niftst  im[«>rtant  thnclinn  of  the  l>o(ly  must  have  an  itijiirions  etfcct  mi 
the  gcncnil  la-alt  h,  a  lid  it  is  accc^pttnl  gencinlly  that  iui  purity  of  the  iiir 
is»  witliont   doubts  the  most   irnptuiant   of  the   piT<lisiK>sing   causc>  of 

It  is  well  known  that,  other  conditions  l>cing  eqnal,  in  proportion  as 
a  jMH^file  sire  dniwn  to  cm  piny  men  ts  iiid«w»rs^  the  discas<'-i\'»tc  and  ilejirh- 
rate  nre  liiei-eascMl.  This  is  |i;irli<"uhirly  tiiic  as  ix»giu'ds  plithlsis,  which 
is  pm-ndiunitly  ass<rcitittHl  with  ovci'erowdiiig. 

OverciYJwding  means  the  association  of  two  uv  unnv  jHHqile  in  a 
space  HI  enutine<l  fis  to  pnM'hide  the  adiiiission  of  a  <*<*nstant  supply  ni* 
fn^h  air  siithcifiit  in  amoniit  tu  niaiutaiu  a  proper  diiiitiun  oi'  their 
excretf*ry  prcMluets  and  a  norionl  supply  of  fi'cc  oxygen.  It  was  nnxig- 
nized  h>ng  agi_>  as  a  most  imj^ortant  factor  in  the  piYKhiction  of  a  high 
dcatli-Hite  anioiig  tKH^njiants  ai*  crowdt^l  jails,  li;irracks,  and  hospitals  j 
and  ex|>erienee  has  deinuiistrated  rcp<'nt(Hlly  tliat  iucreast'  in  space 
idlowanee  is  fnlloweil  always  by  iliH-rease  iu  si(*kness-  and  death-i-ates. 
At  one  time,  for  ex  am  pie,  the  English  army  averaginl   1  Lii  d<"aths  j>r^r 


tilation  and  iacivase  of  a 
I  iiient,   ami    thr   phtlii*^is-rate   fell   <;nHli»ally   tti    1/2    per    !»0<HK      Th«^ 
I  ^ime  geiK'ml  n>ult  lias  bei-ii  *tl»sc*rve<l  in  the  unnie.s  of  France,  Russia, 
NieTXuauy,  ami  Belgiuui. 

,       Wlmt  is  tnio  of  overtTciwdinj^  ap[)l!es  nut  aloiio  to  hiuimii  beinp^, 

hut  to  auinrals  as  well,  and  it  is  u  well-known  laet  that  crowded  stabler 

>ho\v  hit/h  mortality  anions^  i-ows  and  horses.      It  hiis  sueli  a  remark- 

iubie  inrtuence  on  egg  piixluetion  and  ^n>wth  of  ihwh  that  praetieal 

piHiltrymeti  are  exeeedingly  c^ireful  on  this  point. 
I  The  inimt*diato  effects  of  inhahitiun  af  in  i]  in  re  air  are  diM'omfiirt  and 
I  oppre^^JitJiu  which  may  amount  to  hcadarlie,  <lizzint\ss,  faintness,  and 
1,^%'eu  nau.sea.  Continued  exjH»sure  is  likely  to  bring  about  a  gradual 
\  impairment  of  health,  shown  by  pallor,  languor,  anteniia,  skin  troubles, 
]  |o*i8  of  appetite,  and  diminishtHl  jMtwer  of  resistunco  to  the  exciting 
causes  of  dist^ase,  ami  tins  is  esj^eejally  true  of  those  whose  daily  work 
b  c'amc<l  on  in  crtnvde+l  sj»aees. 

It   h  customary  to  cite  as  extreme  t^se-;  of  overcr<iwding  and  its 

1  i^ffeets^  the   Bhick   Hole  of   Calcutta,  the  sliip  lAmfkmderri^,  and  the 

pritwin  at  Austerlitz  ;  but  the  conditions  rhat  obtained  tn  each  of  the^e 

I  in^tan«*e^  were  nuist  nn usual,  and  the  cases  are  ol*  historicid  iiither  than 

I  sjinitary  itvtcrest,  since  the  con  lining  of  a  number  of  pensions  in  a  space 

from  which  air  is  practically  exclud(.Hl  can  have  but  one  outcome. 

The  Black  llnle  of  Calcutta  is  the  iiajue  applitnl  to  tlic  military 
prij^n  of  Fort  William,  where,  in  June,  1751),  Snnijah  Dowlah  con- 
tinetl  14f>  |»ersons  »ncr  night  in  a  space  of  less  than  r>^JKH)  cubic  iWt^ 
With  two  >inall  windows  iu  rtne  side.  Witliin  an  hour,  all  broke  out 
in  a  profuee  sweat,  and  were  tortured  with  tliiist  and  dilhcult  breathing  ; 
in  three  and  a  half  lnmr^,  a  tuiijority  were  clclirious,  and  when  the  place 
I  w;u?  opencil  in  the  morning,  I  2^i  of  the  prismiers  were  tbund  tlead, 
I  In  the  case  of  the  Lomlottfhrty^  vvliich,  in  D(x*end>er,  1H4H,  let\  Sligo 
fftr  Liveq>o<^l  and  ran  into  a  storni,  200  ^steerage  passengers  were  cun- 
fined  over  night  in  a  space  IH  by  11  l>y  7  feet,  with  no  means  of  vcn- 
tihition.  In  the  morning,  wlu^i  they  wttc  released,  it  was  found  that 
over  70  had  expired. 

In  tlie  other  extreme  case,  that  at  Austerlitz,  TOO  captured  soldiers 
I  were  C4intine<l  in  a  small  cellar,  nnd  within  a  few  hours  all  hut  40  were 
clf^ad. 

To  what  one  or  nmrc  cnnditions  of  impure  air  are  the  ordinary 
4*ffect8  due?  We  have  seen  tliat  C<\  is  in  itself  not  an  active  poisnn, 
1  ntid  that  its  actirm  ig  to  interfei-c*  with  tlic  proper  oxygenation  of  the 
blo^xl  within  tlie  lungs.  The  acpieous  va|M>r  of  rcspinition  and  from 
the  skin,  and  that  produced  in  the  <'oud)nstion  of  illuminating  material^ 
4f>nstitutes  an  iniportiint  jiart  of  a  vitiated  atmos|»herc,  and  is  respon- 
sible for  at  least  a  |)art  oi*  the  disiMimfort  pnxluetHl  ;  but  it  i.s  also  true 
I  that  a  deficiency  in  waterj^  vapor  in  the  air  of  well-ventilated  rfH>ms 
bad  equal  or  greater  disadvatitages,  as  will  appear  in  the  consideration 
of  Ventilation. 
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Cniiceming  the  effect  r»t*  iiMi;*!  uiiiiumts  i)f  ordinary  dust  m  in- 
liubitrtl  rcMUiis,  there  i^^  little  tn  Ix*  i^aicL  The  micro-* ir^io isms;,  mf»st 
itf  wliieh  uiv  ii<m^|Kitlio^enie,  vary  in  mimlMT  with  efticirney  of  veu- 
tiliitioii.  In  |jiire  iiirj  die  bueteria  and  moulds  a|>|iroxiniate  each  other 
in  nuiiilHT  ;  but  in  vifiate<l  air,  the  bjicteriii  inert*a?ie  in  number^  whilt* 
I  he  moulds  are  nnieh  less  atfeeted.  The  experiments  of  Carnelly, 
llahlane,  and  Anderson  showed  a  progressive  inerease  in  both  bacteria 
and  nioidds  with  dinifiiislied  ventilation.     Thus, 


J  Number  org«n)stii»  in  10  U  air, 
Cliartcter  of  Air  apAL«. 

Rfttl««f 
nicNild*  iio 

Mouldtu 

BMAtflik 

bwrt^rU. 

Extenial  air                                                                    2            1 

2-nM*nied  1kji]s<>                                                          22 
l-rfwjmed  litjune;*                                                  j          12 

6 

86 
430 
580 

1:3 
1:21 

1?20 
1:48 

The  inercupe  in  baeteria  ip  not  dne  to  respiration,  thongh  a  dim  inn- 
tion  in  their  nimiber  nii^ht  be  tlin>  explairiHl  ;  for  the  great  majority 
of  inhal^'d  lun-teria  are  filteiy^l  out  by  thr  nose,  and  tlie  ex|>irefl  air  i> 
almost  i^impleiely  free  fn)m  germs,  altlrotjgh  they  may  be  tlirtiwu  «»iit 
in  the  aet  r>f  coughing  or  sneezing. 

Inve>tigiitii»u  thus  far  has  unt  nrovtnl  that  the  Imeteria  of  infection 
are  eonuuonly  iutrodtie<Ml  into  tin-  system  tli rough  the  medium  of  r^v 
spinal  air. 

As  has  lieen  nienticmed,  it  is  liekl  by  many  that  the  elfecta  of  vitiated 
air  are  not  due  to  carbon  dioxide^  bnt  to  the  oi^anie  matters  and  aqneous 
vajmr  given  ofl'  by  the  lungs  and  skiu»  and  that  these  are  i>itimated 
eunveuieutlv  liy  deterniiuing  tiie  aincumt  of  i-arlnni  dioxide  with  which 
thev  are  discharged.  It  is  said  alst*  that,  while  considerable  carhi»n 
diiixide  esc\n|K^  even  under  the  miist  imperfeet  system  of  ventilation,  the 
«>rg;iuie  matters  and  water}'  vapur  do  ni»t  n»  rmdily  }xij?s  ont^  bnt  are 
dejMisited  nn  walls,  furnituri\  hangings,  ami  (*lothiug,  wheiv  they  putrefy 
and  ba^tmie  offensive.  As  p^^of  nf  this,  is  citecl  tlie  fact  that  a  r<K>m  in 
which  a  iwrsou  has  dept  without  adecpiate  ventilation  has  an  unpleasant 
smell  in  the  nxoniing,  and  that  this  |>ersists  even  a!\er  prolongr^ 
airing, 

Bri>wn-S("<r|nMrd  an4l  d*Arsonvab  in  IH.'^S,  obtaine<l  from  rondensa- 
tion  of  the  a<jUeous  vajMir  of  nu^n  and  animals  a  liipiid  which,  iujivtiHl  j 
into  rabbits,  csin^ed  dcjith  with  grt^iter  or  less  mpklity,  according  to  the 
size  (>f  tliti  dose,  Tht^y  believiHl  the  ti»xi(*  element  to  be  of  the  nature 
of  a  volatile  alkaloi<l,  aurl  that  it  was  (*xhak^l  dissulvtil  in  the  aqtiMius 
vajior  of  the  bn^itlu  In  tht-  same  year,  Wnrtz,  n'|>ortiug  a  similar 
resean-h,  claimed  to  have  <binid  a  toxic  sulistauce. 

Merkel/  in  lH*r2,  rIainuKi  to  have  c^btaine^l  positive  resnlt.**,  and  con- 
eluded  that  rt\s]iired  air  fnim  p/rs^ms  in  health  tM»ntains  a  minute  tpiau- 
tity  of  a  volatile  organic  base,  which  is  |M>isonous  wlieu  fri»<%  but  iurnN - 
*  Ar<?hiv  fur  Hygiene,  XV,,  p.  1. 
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lionji  after  ttmtart  with  an  'a/uI.  lh\  Sivk'nit<»'  *:'t>l]e<*teKl  tlii/  lUjiiiims 
vaj>c>r  of  the  bri'tith  of  per.s<iiis  sutltTintj:  i'nuu  di^'use.^  (*i'  n'spiratiou^ 
biith  with  ami  withtmt  fever,  nf  jieivous  with  no  resjiimtory  diseuse,  hut 
with  fever,  iirKl  cif  |M^rs(Ki>  in  h^^jllh,  and  in]t*c*ted  it  intd  ndihits.  That 
fmm  thr»^e  with  ri^jiiiatory  ilisensis  [*nnhifid  fiver  iiihI  <hininislied 
reflexes  lM>tin^  three  to  >ix  days:  thiit  iVnru  c^asi-s  of  tl'ver  witli  no  res- 
innilory  ihsea>e  <tuise<l  httle  or  ni>  dL^turlianee  ;  and  that  from  jxtsous 
in  health  |»rcMhjetd  im  ri't^nlts  whatever. 

Forma  nek  ^  r^oiic^lnded,  after  nineli  stndy,  that  no  |Ma.HniiM]^  snhstnnee 
i>riginate<  in  tlie  Innu^s  ;  tliat  the  iiniinonia  suinetinas  Wmivl  is  aot  a 
prixhiet  of  metalMilfsni,  iMit  nf  dei'orn|Hi>itir*n  in  thi"  nioiiHi  <'avity  (Vari- 
ou.*^  teeth,  ete. )  and  in  the  tna'liea  and  hin^s  after  tnieh(x>toniy»  and  in 
pulmonary  tuberculosis  ;  tliat,  in  the  i^x|j('ririients  whieh  leil  to  the 
theory  u\'  tin  unknown  alkaloi*h  ;nunioiiia  was  use*!,  ami  mstrht  have 
aiused  the  t>hst*rve<l  ctterts  ;  and  that  the  results  iA"^  overerowdinj,^  ain- 
not  he  due  to  any  one  aiuse. 

Many  otlier  exjHTituenters,  Freneli,  (iernjaUj  Italian,  Aaierieiui,  and 
Kij^lish,  workintr  alou*^  the  same  lines,  hut  with  extra  |m'eautinns  to 
exehidf  matters  troni  tin-  iioh:*  :tnd  month,  h;nv  failed  tu  *>htain  toxic 
etFeeti*  from  tlie  c^mideti^e^l  vajNir  ;  others  hnve  di'monstrntetl  that  the 
lunpi  exlude  no  or^anir  laatter  exeept  in  minute  amounts,  and  tliut 
these  have  no  |xiisouiMis   iuHtiPnee. 

Arloing  pursued  the  siihji*et  furtlirr,  in  the  belief  that  the  constitu- 
ents of  the  sweat  are  eoneerned  in  the  harmful  efff^ts.  He  soakwl 
the  umlerelothes  of  a  man  who  had  s|>ent  a  long  evening  in  daneiiig^ 
and  injected  the  watery  extract  into  dogs  and  rabbits.  From  the  fact 
that  the  animals  .showcnl  various  evidence  tif  intoxieation  ami  <lied  he 
concluded  that  sweat  is  toxie.  Ex[ieriments  in  the  author's  laboratory, 
however,  with  sweat  t>l)tained  direotly  frnui  well-sernbbtKl  forearms 
and  injected  in  considerable  amounts  into  rabbits  and  other  animals 
yielded  negative  results.  Sweat  vaporized  in  small  confined  spaces 
wst^  e<iually  inniK^ent  of  harmful  results  to  men  and  anfmaLs  ex|H>stHl 
thereto.  At  present  the  wei^^ht  of  evidence  leads  to  the  crm- 
clusiou  that  the  injurious  action  of  vitiated  air  is  due  to  the  dimi- 
nutiou  of  oxygen  and  to  tlie  inerwvse  of  carbon  dioxide,  Imth  of  which 
factors,  alone  or  together,  interfere  with  tlie  intake  of  oxygen  and  the 
exereti*m  of  earbcui  dioxich'  from  the  Inui^s.  Yet,  tliuntjution  in 
oxygen*  which  even  in  very  erowd^l  rot  mis  diK's  n<jt  pn>ceed  very 
liir,  U  met  l>y  increase  in  the  res|>irat«*ry  funetion,  whieli,  liowever, 
CBtinot  in<*reasethe  diftcrenet*  between  tlic  tension  of  tht*  carbon  dioxide 
of  the  air  and  of  the  blo<»d.  Not  even  in  very  im|xi*feet]y  ventilated 
niine^  d^wj^  the  oxygen  tidl  nuieli  below  2**  jjcr  cent,  by  vohuiK\  nntl 
tbn^  we  see  that  the  wboh'  range  of  fluent  an  t  ion  in  the  oxygtm  of  pure 
and  of  very  foul  air  is  but  little  nu*r^  than  1  vrdume  i>er  cent. 

Smith  and  Haldane^  have  shown  that  in  a  kiiden  fhandjcr  containing 

*  Ari'hives  Itiitienm'*^  il**  Bioloyif^  I><1;^'l 

*  AtM\  fiir  fivxiene,  XXX\  II  t.  <  lUOil),  p.  I. 
■*  Jinirnul  «»r  PulUulu^y  aiul  Bactt^nulugy.  L,  18U2. 
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air  which  had  sufFered    but  slight  diminution    in  oxygen,  but  whii 
contained  384  parts  of  carbon  dioxide  in  10,000,  two  men  suffered  fr« 
?  -       headache  immediately  on  entering. 

As  a  nile,  vitiated  air  is  associated  with  high  temperature  and  sata- 
ration  with  aqueous  va|)or,  which  latter  interferes  with  evaporatka 
from  the  skin.  Less  often  it  is  associated  with  low  temjx^nituie,  aal 
with  this  condition  comes  an  increased  demand  for  oxygen  to  me* 
the  requirements  of  the  oxidation  processes. 

It  seems  probable  that  where  the  carbon  dioxide  is  not  present  in  aar 
great  excess,  and  the  oxygen  is  not  markedly  deficient,  the  conclaaoi  j 
arrived  at  by  Drs.  Weir  Mitchell,  Billings,  and  Bergey  is  true ;  namely,  I 
that  the  disc^)mfort  suffered  is  due  largely  and  chiefly  to  h«it  and  d»*  ■ 
agrecjible  odors  arising  from  the  occujmnts  in  various  ways :  from  bJ 
breath,  unclean  skin,  uncleiui  clothes,  sweat,  and  gases  from  the  bowA. 
Such  may  induce  ver\'  disagreeable  sensations,  amounting  evQi  t9 
nausea,  in  those  who  are  not  habitiuited  to  such  influences  ;  but,  on  tk 
other  hiind,  those  who  are  accustomed  to  such  air  notice  no  discomfoit 

Disagreeable  smells  do  not  act  directly  as  a  cause  of  s jXK'ific  diseiSt, 
but  ap|K»ar  to  have  an  influence  on  the  appetite,  and  hence  on  the  gen- 
eral well-being  of  jx'rsons  not  accu.^tomed  to  them.  Much  is  dueakc 
to  the  imagination  ;  a  disagreeable  smell  fn>m  a  source  known  to  b< 
clean  (chemicals,  f<>r  instance)  has  not  ordinarily  as  much  influence 
as  another  of  equally  ofl'ensive  character  supposed  to  be  from  filth.  It 
seems  probable  also  that  there  is  nmch  to  learn  couceniing  the  real 
i'ffects  of  disagriH'able  smells,  and  that  they  may  b<^  more  extensive  thai 
we  now  commonly  believe ;  but  in  order  to  determine  this,  we  shall 
need  methods  which  will  rev(»al  the  nature  of  the  odoriferous  substances 
and  make  their  isolation  possible. 

Other  causes  of  discomfort  may  be  sought  for  in  the  presence  of 
tra(H\s  of  carbon  m(»iK)xide  fn)m  heating  ap])aratus  or  incomplete  com- 
bustion of  illnrninatinjr  gJ»s,  and  in  excessive  drj'ness  of  the  air  due  to 
furnace  or  steam  heat. 

It  should  not  be  overlooked  that  impure  air  may  aftect  the  vitality 
and  bactericidal  ])ower  of  tli(»  cells  of  the  air-j>assages  and  of  the  ali- 
mentary tract,  and  thus  lessen  the  [mwer  to  resist  the  action  of  infective 
material. 

The  Air  as  a  Carrier  of  Infection. 

( )n  the  agency  of  air  in  spreading  infectious  matter,  much  has  been 
sai<l  and  written,  and  much  careful  research  has  lx»en  conducted,  bu* 
the  conclusions  nniched  are  bv  no  means  in  agreement  or  conclusive. 
It  is  conceded  t:'eneraliy  that  patiiogenic  organisms  in  the  air  are  aO" 
herent  to  ])articles  of  dust  of  various  kinds,  and  that  their  retention  of 
virulence  depends  u])on  the  amount  of  hygroscopic  moisture  with  whid 
they  are  asscK'iated.  The  conditions  favorable  to  their  continuance  a! 
living  organisms  arc  natunilly  more  likely  to  obtain  in  indoor  air,  will 
im])erfect  ventilation,  than  in  the  outer  air,  where  they  are  dilute 
and  blown  al)out  and  exjH^sed  to  the  disinfectant  action  of  the  dire 
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mg^  of  the  sun.  Indoors  or  outdoors,  the  more  they  are  protected  by 
lygroocopic  dust  particles,  the  longer  they  will  retain  the  moisture 
W&^  is  essential  to  their  viability.  It  appears,  too,  that,  conditions 
MDg  equal,  certain  micnv-organisms  retain  vitality  longer  than  others, 
nne  being  but  slightly,  others  very  tenacious  of  life. 

With  regard  to  the  transmission  of  pulmonary  tuberculosis  through 
Ik  air,  it  should  be  sjiid  that  while  there  can  Ix*  no  doubt  that  this  dis- 
H0e  is  connectetl  preeminently  with  overcrowding  and  vitiated  air, 
liin«  is  a  ver}'  dec'idcHl  difference  of  opinion  as  to  the  methcxl  of  c(m- 
VcjraDce,  smie  C4)ntending  that  dust,  and  others  that  tuberculous 
MMterial,  thrown  into  the  air  in  coughing,  .sjx^jiking,  and  snwzing,  is 
die  vehicle. 

Buchner  has  f4»und  B,  tHherculoaiH  in  an  active  state  in  the  dust  of 
::t  room  a  yimr  after  the  death  of  its  (xjcujmnt  from  the  disease.  G. 
I  Comet*  demonstrated  its  presence  in  more  than  a  third  of  147  samples 
rfdust  collected  in  hospitals  and  other  public  institutions,  and  in  private 
hnse^  inliabited  by  j>hthisical  persons,  and  succeed cil  later  in  producing 
4e  disease  in  4G  out  of  48  guinea-i)igs  exposed  to  air  containing  dust 
fa)m  dried  tulx^rculous  sputum.  Some  of  the  animals  were  placed  8 
inches  from  a  glass  vessel  containing  dried  pulverizi?d  sputum  from  an 
advauced  case ;  others  were  placc»d  on  shelves  8  to  28  inches  from  the 
loor  of  a  room,  on  the  caqx»t  of  which,  sputum,  mixcnl  with  dust,  had 
been  spread  and  dried  and,  at  the  end  of  two  days,  stirrcnl  up  by 
sweeping ;  others  were  allowed  to  stay  in  the  room  without  disturbance 
of  the  dust. 

Klein  obtaincKl  positive  results  with  guinea-i)igs  }>laced  in  the  venti- 
lating shaft  of  a  consumptives'  hospital ;  but  Ileron^  obtained  but  2.7 
percent,  of  positive  results  in  74  guinea-pigs  inoculated  with  dust  from 
the  ventilating  shaft  of  the  I^)ndon  Hosj)ital  for  Disi-.ises  of  the  Chest ; 
tDdKirchner**  got  but  1  jXKsitive  result  out  of  !(>  pigs  in(»culated  with 
the  (lust  fn)m  a  military  hospital.  Fli'igge,  on  the  other  hand,  was 
wholly  unsuccessful  in  inducing  the  disease  in  guinca-j)igs  exposed  to 
Wch  (lust ;  and  concludtKl  that  the  transmissicui  from  one  ixrson  to 
W<)ther  is  chiefly  by  mciins  of  the  fine^st  (Iroj)lcts  thrown  into  the  air  in 
spiking,  coughing,  and  sneezing.  From  later  cxjKTiments,  conduct<Kl 
under  his  sujx»rvisi<m  by  Laschtscheiiko,  Hcyniann,  Sticher,  and 
wnindc,*  he  (concluded  that  in  rrxmis  in  which  tuberculous  sputimi  is 
Jried  on  the  floor  or  other  places,  and  where  the  air  is  filUnl  with  coarse 
"Oi»t  thnmgh  dry  cleaning  and  air  currents,  or,  as  in  niilway  cMirs,  by 
^ntinual  meclmnical  jarring,  intW^tion  may  arise  ;  and  that,  under  these 
^itions,  h»ng-c<)ntimied  exjM)sure  offers  a  certain  degree  of  })r()bability 
^*  infection.  Therefore,  <lry  eleaning  is  to  be  avoided  in  rooms  in 
*hieh  consumptiv(*s  are  employed  with  others,  and  the  rooms  should 
^  be  occupied  so  long  as  the  air  is  |K»rce])til)ly  dusty.  The  great  j)os- 
ability  of  inft^tion  through  matters  thrown  off  in  conghing  and  sneez- 

*  Zeitiichrift  fiir  HyKeinc,  V.,  p.  191.  -  Tlie  I^iiicet,  Jaimary  (>,  1S94, 
'  Zeitiiehrift  fiir  Hv>d**n<?  und  InfectionHk rank liei ten,  XIX.,  p.  l').*J. 

•  Ibidem,  XXX.,  ji.  107. 
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\n^  is  insisUxl  upon  i\^  nf  pamrufnint   iinpiirUince*     This  rlaiig^iT  i«  to 
Jrt'  preventiHl  hy  rttpitring  tlu"  |w'i>«in  cruigluiig  tit  b(*kl  ii  liaiidkerchid 
<^r   the  hand  lit'ibre  tin*  nunitli  ihirinjLr  tlu*  act,  aud  hy  the  avoidaiUT  uii 
th(*  j>art  nf  tttliLTf^  of  iip]>ri»aehiu|L*^  \vithiu  a  iTH^tcr. 

Answering  FUij»;gL',  Cornet  '  fnnli'n<l.s  tliat  the  iiumlKT  of  Inu-illi 
thnmii  itit<i  tfie  air  thiring  tlie  net  of  rMingliing  nmsr  he  extr-euiely 
•small.  He  eaiif^tnl  IH  euiisuiiiptives  tn  hold  tUshes  k>t'tore  the  mouth 
\\^hile  ecHighiDg^  aud  obtained  2  positive  residts  therofroni  on  iuuculation 
intf}  guinea-pigs;  repeating  tlie  te>t  with  15  others,  he  got  none;  but 
Heymanti"  was  more  sueei\ssl\d,  for  ghiss  plates  exjwised  in  the  imme- 
diate vicinity  of  coughiog  consumptives,  confmitl  for  an  hour  antl 
a  half  in  a  glass  cabinet  of  three  cubic  meters*  cajiaeity,  were  proved 
to  have  become  coutiiminated  by  the  specific  organism.  The  plates 
were  rubbed  up  with  small  amounts  nf  brolly  wliich  was  then  injected 
jntraperitoiie^dly  into  guinea-pigs,  mostly  with  jxtsitive  result.s. 

Experiments  eondueted  by  KcMiiger  *  eonfirm  Fliigge  in  his  estimate 
of  the  danger  <if  transmission  by  droplets.  In  onler  to  give  the  ex- 
jxdliHl  droplets  a  character  whiclj  would  athuit  nf  tlieir  l^eing  traced,  he 
rinsed  his  mouth  with  litpiid  rieli  in  Ik  proffff/iosvs  or  ft,  mtnuihh':^^  or 
with  very  dilute  eaustie  Hidaj  and,  in  <»rder  t«>  trace  them,  he  expx^ 
Petri  dishes  and  ghtss  plates  coat(Hl  wit!i  jihenoljihthalein,  which  agent, 
turning  pink  in  contact  with  an  alkali,  woidd  show  not  only  the 
nund_M*r  nf  droplets,  Ijnt  tlieir  sizt^  as  well.  It  was  found  tliat  no  div*ji- 
lets  are  thrown  out  in  onlinary  ivxhalatinn  nor  in  vowel  fetrnjation.  hut 
with  eonsimant.s, a.s  ^,  kj  and  jf>»  tire  nundw-r  is  veiy  grt*at,  and  is  hu^gi^y 
dejH^uileut  uptui  the  amount  (»f  tbn*e  with  which  tlie  nir  under  pn^?-^ure 
in  the  mouth  cavity  is  releaswl  in  their  furmatinu,  and,  iheretuiv,  npai 
the  manner  nf  prr>nonueing.  Loudness  and  rapidity  of  sjK'ci'h  have 
but  little  iuHue^nee  ;  whispering  may,  indeed,  under  sonu*  eonditinns, 
esuise  a  greuter  nuinl_MU'  of  droplets  tfian  loud  s|M_'ech.  Even  with  su!>* 
dued  spiiH:*h  an<l  a  quiet  atmosphere,  it  was  found  that  the  organisms 
ex]Mdl(Ml  reaelnnl  the  most  distant  ]>arts  <if  the  nuim,  whi<'li  was  nnm* 
than  -<*  feet  in  widlh^  aud  in  all  directions.  They  wiTc  touml  t*» 
remain  in  sns|iension  in  the  air  not  hmger  than  an  hour,  and  it  was 
ntiticed  that  they  fell  npai  tlie  jilates  in  grfUips,  sometimes  as  uumy  ns 
40  chtse  together,  wlut^Ii  suggests  that  they  fldl  uc>t  as  dry  dust  particle-*, 
but  that  thr  droplets  themsehes,  with  their  contained  *n*  adherent 
-organisms,  are  dejiosittnL  In  coughing  and  snee?:iug,  more  droplet> 
tire  ex|x*ned  than  in  sjM-aking,  and  they  are  |>rojecte«l  to  a  greater  ilis- 
tance,  bcx-ause  of  the  gresiter  forcT  engaged.  The  prec^uuions  ret^om- 
mendi'^1  apjily  not  alone  in  tul)er<'ulosis,  but  als*»  in  diphtheria,  whoop- 
ing-cough, and  other  clis(^as4's  in  which  the  respective  specific  orgjuiisms 
UYM  (bund  in  the  air- passages. 

Hutehisoti  *   found  that  bacteria,  sprayed   in   minute   droplets  upon 

>  Berliner  klinische  Woe henwch rift,  Mny  13,  1899. 

'  Zeit^chrift  fiir  Hv^ene  and  TnfetHi.mikmnkbdl«n,  XXXVIII.  (ItXU),  p.  21, 

^  Ibidem,  XXXI\^.  (IWO),  p.  IHl. 

*  Ibidem,  XXXVL  (l^l),  p.  223, 
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8,  perish  in  a  short  time,  the  main  factor  in  their  destruction  being 
» influence  of  sunlight.     Sprayed  directly  into  the  air,  most  of  them 
)  found  to  liave  become  dejwsited  within  a  half  hour,  when  the  air 
'  the  room  was  allowed  to  remain  undisturbed,  but  numl)ers  of  them 
kept  in  suspension  for  considerable  jxjriwls  by  slight  unavoidable 
currents  in  the  lower  strata.     He  showcnl  that,  with  favoring  air 
iits,  the  suspended  bacteria  may  l>e  conducted  through  verj'  nar- 
crevices,  as  into  closed  biu-eau  drawers,  and  from  one  room  to 
her  through  keyholes  and  cracks.     Whih?  the  danger  of  dissemi- 
ting  bacteria  by.  walking  over  an  infected  floor  was  found  to  be 
ht,  those  thrown  up  by  the  elastic  rebound  of  the  boards  failing  to 
plates  suspended  4  inche^s  above  them,  ordinary  sweeping  was 
to  contaminate  the  atmosphere  throughout  its  whole  extent,  even 
>  the  ceiling,  thus  confirming  Fliigge's  statement  as  to  the  undesira- 
bflit\'  of  dry  cleaning. 

Closely  similar  results  were  obtained  by  Kirstein,*  who  concludes 
that  ordinary  air  currents  cannot  detach  living  organisms  from  surfaces 
upon  which  they  have  Ix^n  deposited  and  become  dried,  but  concedes 
I  tbat,  when  the  bacteria  are  si)rayed  upon  fine  dust  jmrticles,  they  may 
€teily  be  borne  about  in  the  air.  Yet  how  slight  the  danger  of  this 
nethod  of  infection  is,  so  far  at  least  as  typhoid  fever  is  concerned,  is 
down  by  the  marktnl  rapidity  with  which  the  typhoid  organisms  die 
wben  sent  forth  in  the  form  of  spray.  (3ther  non-spore-builders, 
«prayed  into  the  air,  retained  their  vitidity  for  only  a  comj)aratively 
d»rt  time,  because  of  the  influence  of  light  and  air  ;  and  he  believes 
that  the  marked  sensitiveness  of  the  tubercle  bacillus  to  the  influence 
of  light  makes  early  destruction  of  this  organism  most  probable  when 
it  k  thrown  into  the  air  in  minute  droj)lets,  and  that  thus  may  be  ex- 
plained the  fact  that,  even  in  consumptive  wards,  in  which  there  is, 
without  doubt,  a  constant  discharge  of  bacilli  into  the  air,  attempts  to 
^ctect  living  organisms  in  the  dust,  etc.,  fail,  excepting  in  those  cases 
in  which  the  sputum  itself  has,  through  lack  of  care,  become  dis- 
i^inated. 

Positive  results  of  examination  of  droplets  expelled  by  consumptive 
ptients  during  coughing  have  l>een  recorded  by  Curry,-  Boston,**  and 
others.  Curry  ex|XTimented  with  12  j>atients,  who  coughed  toward 
plates  suspended  from  1  to  3  feet  distint;  he  found  th(»  bacilli  in  the 
"fger  droplets  ex|)elled  by  half  the  subjects.  Boston,  observing  fine 
droplets  being  ejected  from  the  mouth  of  a  jxiti(»nt  with  advanced 
ciisea.se  in  each  act  of  coughing,  concluded  that  such  constiuit  spraying 
«t  the  table  and  elsewhere  might  afford  an  (explanation  why  j)atients 
ID  the  early  stage  of  the  disease  did  not  do  well  in  the  institution  where 
his  observations  were  made,  in  which  every  possible  attention  is  given 
to  ventilation,  light,  and  disinfection  of  sputum.  By  means  of  a  simple 
device,  the  spray  sent  out  by  oO  jmtients  was  collect^nl,  and  then  sub- 

'  Zeiischrift  fUr  Hygiene  und  Infectionskmnkheiu^n,  XXV.  (1900),  p.  123. 

'  Boston  Medical  and  HurKical  Journal,  October  l.S,18i)8. 

•  Journal  of  the  American  Medical  Association,  Sept.,  14,  1901. 
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jti^tet!  to  <^xaniinati<m  for  the  specific  urpinism,  wliirli  was  foimd  in  7»} 
fier  cent,  of  ihv  luises.  The  suiallest  imniber  touml  in  any  i^|jecmien 
was  4,  aud  in  fiiUy  a  thirtl  tlxo  barilli  were  very  nnmemu^j* 

Rave^el^s^  experiments  with  tuhereulniis  eows  have  proved  that 
ihey^  too,  .seinl  turtli  the  baeilh  in  ^reut  iiuiiilH'rs  lu  the  aet  nf 
euiighiiig. 

Ex|>erinieiits  coiidoeted  at  the  Adirtiudaek  ( Vittiige  Sanit;iriiim  hy 
Dr.  I.  H.  Hatiee,'  for  tlie  puipose  of  determining  the  degree  of  dangt^ 
of  iufeetion  when  uU  |Hissil»h'  sinitnrv  nit^isnrt^N  for  di^inft^etiou  i«f 
spntum  are  enforeed,  stipporl  the  vie  u  that  dnst  in  the  air  is  of 
see^jiidary  inijMtrtiinee,  but  that^  where  earelessness  in  thiHi  regnrfl  oh- 
tains,  the  *Ianger  is  a  ival  one.  A  t*omph:te  examination  wa?^  made  of 
the  group  of  linildiiigs,  some  of  whii-h  had  Iw^t^n  oreupit^l  by  coni*umi>- 
tives  for  eleven  years.  Dust  was  euUrettHl  frcim  pljjees  most  likely  to 
W  inft^'tetl^  and  witli  it  HI  guinea-pigs  were  intMHihtti^l.  Four  imxni- 
hited  with  du>t  from  the  intiruiiir)'  (a  building  where  all  the  acutely 
si(*k  aix^  sent),  and  fn»m  the  main  building  (in  whieh  are  a  ]Tarlor,  sit- 
ting-rrK>m  and  library ),  ilie<l  of  other  inteetions  on  the  thinl  to  the 
SLXth  day.  Five  of  the  ten  inoenlattHl  with  thist  from  tlie  oldest  eot- 
tiig«u  whieh  wil^  oeenpied  by  a  man  who  had  IxH^n  eomplained  of  for 
proniiscuous  spitting,  hximie  tuWrcidons.  Those  inrwulated  with  the 
dust  from  the  other  bnihlings  giive  negative  resnlts.  During  eleven 
years,  ntit  one  of  the  *Jt)  to  2'"j  attendants  emjilnvHl  had  deveh>|>ed  the 
disease. 

As  to  tyjjhoifl  fever,  U\<\  opinions  are  at  varianee.  I>r,  John 
Browulee  rejwrted  l>efore  the  (ilaegow  PhilosoplniiU  Scx»iety  an  ex* 
jH'rinient  pmving  that  the  sptx'ifie  baeilli  ean  live  in  ordinary'  dust. 
Riielmer  is  of  the  opinirm  that  neither  typhoid  nor  id  her  fevers  esin 
tlms  hv  spread. 

Perhaps  the  most  extensive  resieareh  on  the  snbjtH't  of  transmission 
of  this  and  other  diseases  is  that  ecmdueteil  liy  Dr.  Kdnardo  { Terniauf*.^ 
In  his  experiments,  he  nsed  various  kinds  eif  dnst  and  dirt»  and  from 
his  result>,  he  eoueludes  that  the  tyiihuid  genu  is  nnalde  ti>  withstand 
complete  drying,  and  hence  cannot  Ik^  frsmsmitted  to  man  through  dn^t 
suffieiently  diy  to  Ik-  disscniinated  Ijv  air  enrrents.  Experiment  showeil 
tliat  the  germ  ean  live  for  a  long  time  in  moist  surroundings,  even  in 
an  apparently  <lrv  ermdition,  that  is,  when  adh<Tr/nt  to  or  eneompas'^t^l 
by  mutters  whieh  eonkiiii  a  eertain  amtaint  of  moisture,  sneh  as  cloth- 
ing, piirtieles  of  dirt,  and  fix-al  filth.  Most  of  the  baeilli  die  as  drying 
pnigresses,  but  some  are  nujre  (»r  less  resistant,  thtingb  not  neet*ssarily 
dangerous  on  ailmission  to  air  ennvnts,  sinee  then  (Complete  dryiug  anti 
eonse<]nent  dr'ath  oeein\  Thry  ari-  daugiTons  rmly  in  esise  of  intro* 
^luetiou  into  the  system  through  eontaet  witli  the  fingers,  f»MKl,  or 
ciiti ug  utensils. 


'  fniversitT  Medical  Mafiiazine,  November,  1900* 

»  ZiMLwhrifi  Air  Hvkilik^  uiul  Inffciiimjikmnklieken,  XXIV., p.  403  j  XXV.j  p.  439; 

XXV b,  pp.  fit>iind2ta. 
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With  r^ard  to  diphtheria,  Germano  found  that  the  bacillus  with- 
long  drying  in  membranes,  tissues,  and  dust,  even  when  the 
ing  pn)cess  is  assisted  by  sulphuric  acid ;  and  that  its  resistance  is 
_  according  to  the  amount  of  enveloping  material  which  retards 
oxidation.  When  completely  drj^,  it  pn»serves  its  virulence  up  to  the 
time  it  dies.  Hence  his  belief  that  this  disease  may  be  disseminated  by 
Wt  carrent^. 

With  r^ard  to  pneumonia,  erysipelas,  and  other  streptococcus  infec- 
fioDs,  Germano  finds  that  the  resistance  of  the  organism  to  the  drying 
process  is  always  high,  though  it  varies  with  the  method  followed  and 
tbe  nature  of  the  enveloping  material,  and  may  persist  a  number  of 
months.  Transmission  through  the  air  is  extremely  probable.  The 
,  diplococci,  in  general,  bear  drying  for  a  long  time ;  some  varieties  live 
longer  when  dried  than  if  moist,  and  some  possess  but  little  resistance ; 
bat  the  rapidity  of  the  drying  process  with  medium  temperature  does 
not  affect  the  result.  He  found  that  the  cholera  organism  retains  its 
virulence  only  so  long  as  it  remains  moist,  and  dies  quickly  on  drying, 
particularly  if  the  process  is  hastened.  He  concluded  that  dissemina- 
tion by  air  is  most  highly  improbable. 

Gennano's  work  with  the  plague  bacillus  confirms  the  results  an- 
nounced by  Kitasato  and  Wilm.  This  organism  does  not  withstand 
4}*ing,  but  lives  a  long  time  in  a  moist  condition.  It  remains  active 
&irly  long  when  dried  on  cloth,  because  then  complete  drying  requires 
»  long  time,  and  thus  may  be  explained  the  danger  of  infection  recog- 
nised to  exist  in  infected  clothing. 

Gennano's  experiments  with  the  diplococcus  of  epidemic  cerebro- 
spinal meningitis  agree  in  results  with  those  of  Jtiger,  who  found  the 
organism  in  an  active  condition  in  a  handkerchief  six  weeks  after  use 
by  a  patient  sick  with  the  disease.  Germano  shows  that  it  belongs  to 
tbe  class  of  bacteria  which  oppose  the  greatest  possible  resistance  to 
drying,  whether  the  process  is  slow  or  (luick,  and  whether  assisted  by 
tile  action  of  sulphuric  acid  ;  and  concludes  that  it  may  without  diffi- 
<!nlty  enter  the  air  in  the  form  of  dust,  and  thus  spread  the  infection. 
This  view  is  supported  by  Buchanan,*  who  argues  from  the  fact  that, 
of  60  cases  which  came  under  his  observation,  57  were  in  men  who 
followed  occuf>ations  in  which  they  were  exposcnl  to  dust,  the  specific 
'^'ganisms  are  thus  conveye<l. 

I^r.  Max  Neisser,^  working  in  the  sjime  line  as  Germano,  with  an 
•Ppapatus  of  his  own  design,  which  maintains  a  constant  aspiration 
^rpent  of  dusty  infected  air,  disagrees  as  to  the  piieumoccK'cus,  inas- 
inuch  as,  while  mice,  inoculated  with  infected  dust,  dicnl  from  the  in- 
fection without  exception,  24  others,  inoculated  with  the  dust  after 
'^  had  been  sent  through  the  appanitus  in  a  current  of  air,  gave  abso- 
lutely negative  results.  His  experiments  with  various  organisms  led 
h*ni  to  the  conclusion  that  dust  infection  is  ini])ossil)li'  with  the  orgjni- 
'^Dteof  diphtheria,  typhoid  fever,  choleni,  i)lagne,  and  pneumonia,  but 

'  BritiiOi  Medical  Journal,  Sc'ptenihcM-  14,  11)01. 

' Zeitiicbrid  fur  Hygiene  iind  InfeotionHkiiinklu'itoii,  XXVI.,  p.  175. 
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lhiarij<,    />.   tufM'ri'Hf*>i<i-'<,  and   riieiiiiigiK'rKT^us. 

Neksor'js  cxjiU'liL^ioiis,  h»  far  i\s  tlit-v  ri4iitr  to  diplithc^riii,  art*  npj*<»,siHl 
t(»  tlif  l:•e!^uUs  obtained  by  Kirlmnlii're  lunl  Tulk'tiier,*  wlio  liiude  a  scries 
of  exauiinatiuijs  of  the  air  of  diplulioria  ward!<  t>l*  fht?  Ilopital  Thju>- 
Miau.  In  OIK*  spt  of  exju^riuu'iits,  the  wards  hud  not  \h^h\  disinfeeied 
ibr  several  week>  ;  aiul  in  another,  the  exaniinaticiiis  were  niatle  after 
di.sin  feet  ion  bad  been  eiirried  out.  The  rvsnks  sIiowhI  tbat  aelive 
<li|Jitheria  baeilli  were  prestiit  in  the  air  wbieh  had  not  nnderp»ne 
disinfeetinn.  The  baeterioloj^ieal  test>  were  eontrtdlcnJ  hy  InuculatiiMi 
experiments   with  animals. 

W'itli  ivi^ai'd  to  the  ]H»ssibility  of  spreading  eholera  gertiis  tbrou^li 
the  agency  of  moving  air,  Dr.  N.  William-  has  re]>orted  that,  while 
that  means  has  been  re^inknl  as  nio>t  favunVble,  in  aetnal  exjx'riment 
it  fails.  MixlhI  with  drv  tlnst,  the  ^erni>  live  bnt  a  short  time,  and 
perish  more  ipnekly  when  a  eiirrent  of  air  is  eonilneted  throngli  ttu^ 
dust.  When  the  dnst  is  di^trihuttHt  thrtaigh  iarg(*  vohnnes  of  air,  the 
germs  die  rapidly^  and  when  the  imjiregnated  dnst  h  let  fall  njR)n  a 
8ni table  enltnre,  only  ii  very  small  |>ro|Kn'tioii  of  living  orgtnnsms  aiu 
be  fnnntl.  In  t^tlier  words^  ehtdera  germs,  adherent  to  du>t  partielc^^ 
Jloiiting  in  and  niovtxl  about  by  air,  tlo  not  retain  tlieir  aetivity  for  any 
length  of  time  nor  tlirongh  any  eonsiderable  distanee. 

Theexjx'rimentsof  Honsel!  '  indieate  thiit  the  eholeni  *n'ganism  find^ 
no  favoring  conditions  ^br  its  passjige  into  the  air  from  its  situntion  iu 
privy  vanlts. 

The  sulijeet  of  danger  *pf  eholera  ird'wtion  by  dn^rt  fnmi  bale^l  nigs 
wa5  eonsideretl  tborougldy  at  flie  Ih'esden  Cholera  (Vmterenee,  an<l  it 
was  fonnd  impossible  then  to  <piot*'  a  single  case  in  whieh  inh^etioii 
<}onld  be  traee<l   to  this  s<airee, 

Aeeording  h*  I>r.  E*  W,  Hope,'  atmospheri*'  dnst  is  largely  resjHin- 
«ible  ff»r  the  spread  of  infantile  diurrhrea  in  cities  and  large  towns, 
where,  fmm  nna voidable  eiins<\^,  the  air  Ix'comes  moi-e  or  les8  laden 
witli  filth.  Jle  pn^sents  evidenee  c»f  the  a.'-soeiation  of  rainfall  and 
its  attentlant  eleansing  of  the  atrjio>phere  with  diminishtH:!  mortality 
from  choleraic  diarrha^a,  as  li>llows  : 


Period. 

Avcnt«e  rain  fill 
June  to 

CooditfoiiB, 

Annujil  aremg*  of  diMiitts 
Tntm  tiisitrtiifa  (tuntix 

6yearB 

13.8  iTiches 

AversifTe  wet  fnim- 

373 

14    •"' 

lOJ      " 

mere- 
Avenige  dry  Bura- 
mers. 

573                1 

Extreme  vearB, 
18m' 
1895 

16.0      « 
7.7      ** 

Wettest  smmiuen 
Driest  sumnjer. 

1 

203 

819 

^  Gazette  des  Maladies  mfantile^  No.  10,  1899. 

»  Zeilwhriri  ffir  ITygieni^  Tiiid  IiifiH  timiskrankhcnten,  XV.  (li^Oa),  n.  166. 
*  Arbeiteii  mis  <hm  i*ii{\w\oginmUmmi:hen  liiHlitiit  zii  TiibiDgen^  1896. 
**  Puhlic  itei^HiA,  J  fli?,  1899. 
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Influence  of  Fog. 

Dost  and  moisture  together  in  the  form  of  fog  affec^t  the  health  of 
Mge  oommunities  in  a  marked  degree.  In  a  .still  air  nearly  or  c>om- 
ph^y  saturated  with  aqueous  vapor  and  containing  ordinary  dust  and 
■ttke,  a  fiill  in  temperature  causes  each  particle  of  dust  and  soot  to 
bnome  the  nucleus  of  a  minute  droplet  of  condensed  moisture.  These 
Mmtless  droplets  in  a  state  of  suspension  form  a  more  or  less  dens<' 
bknket  of  fog,  which  im{)edcs  dis|)ersion  of  the  impurities  given  off 
hj  natural  processes  and  as  products  of  combustion.  While  ordinary 
BOQDtry  and  seashore  fogs  are  not  known  to  exert  deleterious  effects, 
h  smoky  cities,  like  London,  the  case  is  quite  different. 

It  is  a  well-recognized  fact  that,  during  j)eritKls  of  heavy  fogs  in 
Muiufacturing  centers,  the  morbidity  and  mortality  from  respiratory 
disease  are  increased  very  greatly,  and  that,  as  the  atmosphere  clesirs,  a 
skarp  decline  follows.  In  London,  for  example,  the  usual  death-rate 
from  all  causes  has  been  known  to  become  almost  doubled  during  a 
fecioight  of  continued  dense,  smoky  fog,  and  then  to  return  to  its 
normal  figure  with  the  advent  of  clear  weather,  the  increase  being  due 
Iirticularly  to  bronchitis  and  other  affections  of  the  respiratory  tract, 
attributed  to  the  irritating  influence  of  the  finely  divided  j>articles  (»f 
soot  and  the  acids  which  accompany  them. 

During  the  prevalence  of  thick  fogs,  the  air  being  necessarily  in  a 
stagnant  condition,  it  has  been  observed  that  the  carl)on  dioxide  content 
increases  progressively.  During  one  such  period  following  bright 
weather,  the  air  of  London  acquired,  in  four  days,  three  and  a  half 
times  its  normal  content  of  this  gas. 

The  importance  of  smoke,  both  as  a  promoter  of  disease  and  on  ac- 
count of  its  corrosive  and  disfiguring  action  on  buildings,  and  also  cm 
account  of  the  obstruction  of  light,  has  led  to  much  legislation  and  to 
the  exercise  of  inventive  genius  for  devising  nutans  for  the  prevention 
rf  its  discharge  in  objectionable  amounts  into  the  atmosphere  of  cities. 
Many  patents  have  been  granted  for  smokcwonsuming  devices,  the 
^jority  of  which  have  been  found  to  work  unsatisfactorily.  Tlu* 
•Dost  effective  invention,  which  gives  promise  of  solving  the  problem 
^08t  completely,  is  one  which  has  been  brought  to  the  attention  of  the 
Apartment  of  State  by  Consul  General  Mason.*  This  process  consists 
^  distributing  heated  and  slightly  compresswl  air  through  hollow  grate 
•'s  to  the  whole  lower  surface  of  the  furna(»e.  Not  only  is  practically 
^ect  combustion  attained,  but  immense  sjiving  of  exjK^nse  is  |K)ssible, 
**<*  what  are  ordinarily  unsalable  low-gnide  coals  can  l)e  employeil  to 
•^test  advantage. 

Examination  of  Air. 

For  all  practical  purposes,  the  examination  of  air  may  be  restri(»te^l 
^  the  determination  of  the  amounts  of  aqueous  va]>or  and  carbon 
"^xide.     The  essential  element,  oxygen,  fluctuates   within   such  veiy 
»  Consular  Reports,  1S99,  p.  491. 
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imrmw  iimitK  th;tt  its  estimation  iw  a  niatttTof  purrly  scientific  intenst 
ainl,  nn>rc«ivci\  tlic  )ir<M'css  is  uiie  wliicli  (IciikhhIs  a  muvh  highe 
degree  of  ninniiiulativc  skill  than  is  [it*ssesstHl  by  thot^e  to  whom  the 
task  of  raakirig  sanitary  exaniiiiations  ordinarily  falls.  The  chief  tym- 
stitiient,  nitmgen,  is  [jra<'tically  cnnstaiit  in  aoxoiint»  and  its  detemiiua- 
tioii  wiuild  srrvo  no  useful  jmrpose.  Wliiitcvcr  is  the  ranse  of  tlie 
de!et<"rious  eH'erts  of  an  atniosplieiv  vitiatcil  l>y  res|)initioii,  uiiether  it 
be  cjirbon  diuxiile  or  the  «ir|;;anie  matters  given  off  by  the  Ixxly,  this  nt 
least  is  certain,  that  the  amonut  of  carbon  dioxide  server?  as  an  index 
<»f  impurity,  and  that  the  annmnt  nf  a<jncons  vapor  is  of  eonsiderabtf 
sanitary  ini(Hu*tan<'e.  In  s|K'cial  eases,  it  is  important  U\  \m*k  for  that 
most  dant»eriiu>  eontamin;«tion,  I'arUm  rmmoxide,  whieli,  coming  even 
in  very  smnll  anionnts  from  leakinf»;  gas  pi[>e.s  and  t>ther  nmrees,  exerts 
a  clccldedly  dcietcrious  influence.  In  the  minds  f>f  many,  the  ta^t  for 
ozone  is  alsc*  ot'  importance. 

Iti  addition  t4>  cheniical  analysis,  die  dcterndnat ion  of  the  amount 
of  dust  and  the  number  and  varieties  of  niici^cMirgimisms  pivsent  may 
be  of  interest  and  importance. 

Determination  of  Aqueous  Vapor, — A!^  has  been  statetl  above,  a 
volume  of  air  at  a  givi-n  temperature  t^n  ht4d  a  dttinite  amount  of 
moisture,  and  nir  more,  and  when  this  amount  is  in'ei^ent  the  air  is  6§aid 


Apl^^taratus  for  direct  drtemilniition  ofmcilsnipe. 

to  be  saturated.  The  anionnt  which  a  vt*hnne  of  air  contains  consti- 
tutes its  ahsolute  Immidity,  and  the  tliflerence  between  this  and  tlie 
amount  whir^i  it  is  p»»ssible  for  it  to  hold  is  known  as  it.s  saturation 
deficienev.  The  raiio  which  its  absolute  humidity  liears  to  its  jK*ssible 
content  is  known  as  iUi  relative  humidity. 

Direct  Betennination  of  Moisture  by  Weighing. — Prepare  two  wide- 
mouthed  tla^ks  of  about    150   ce,   cajiacity  in   the  following  manner: 
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*rovic1e  eiit'h  with  a  tightly  fitting  rubber  stop|>er  with  iwv  |>erti>rati<iiis, 
through  which  are  iiiMTiotl  two  pifress  uf  trln^s  tiiliir*^  Ijeiit  iH  ii  right 

^ngle*  One  of  tbei^  reaches  to  the  b^nt^im  of  the  Husk,  and  servers  as 
an  inlet ;  the  other  extends  tmly  a  j*hf»rt  distaiiee  below  the  stopjier, 
jind  j^erveri  as  an  outlet.      Fill  the  tlaskn  with  .small  pieees  uf  |niiuiee 

Ivliieh  have  bt.*i^n  heated  t<»  a  liigh  teiojierature  over  a  Buuseti  liiinier, 
iln ►[>[>( d  while  hot  inti*  euneentrati^l  sulpliurie  arid,  reruoviHi  therefroai, 

•and  4piiekly  dmineiL     The  two  Hask^  tliii8  tilletl,  and  with  stappern 

( tij^htly  i Diverted,  are  then  to  \\e  eunneetnl  Ijy  mmn.s  cif  a  short  pieee  t»f 
tibber  tubing,  the  inlet  of  one  joining  the  ontl^^t  «jf  the  utbei\  They 
lire  then  weighed.  The  tlask  with  tlie  free  on t let  tube  is  uow^  to  be 
c*mneeted  with  an  unpimtor,  hy  means  of  wliich  from  20  to  oO  liters 
of  air  are  drawn  through.  A«  the  air  eome«  in  contact  with  the  pumice 
-sjituratetl  with  sulphnrie  acid,  its  moistirre  ih  abf?orl>e<l  and  retained.  At 
the  expiratiim  of  the  aspirating  proeess,  the  Hask.s  are  tliseiiuneeted  from 
the  aspirator  and  again  weighed.  The  increase  in  weight  represieiit^ 
the  amount  of  nioisiuiv  in  thi'  vohmie  uf  atr 
U5K»il.  The  apparatus  is  shown  in  Fig.  iK  Know- 

jng  the  ternjK^nitiire  of  th(*  air,  nne  I'au  then 
ciisily  drtermine  the  relative  hnniidity  Ity  reter- 
<  iirx?  to  the  tabh*  Ih^1ow\  which  shows  the  maxi- 
mum humidity  jMist^ibleat  different  tempemtures. 


TABLE  UF  MAXIMUM  WATEK  CAPACITY  FUB 
TEN  LITERS  OF  AlB. 


I'cmprri' 

Corr»- 

f 

1 

Tempera- 

(orre- 

t»>r*  otjuti- 

rA^ 

Grams.  1 

ture  centi- 

spODdiOff 

Gnuntt. 

KTWle. 

g^de. 

degrees  F. 

-10 

t4.0 

0.021 

13 

56.4 

0J13 

—  S 

17.6 

0.027 

14 

57.2 

0.120 

—  e 

2L2 

0.032  I 

15 

5U.U 

0.128 

—  4 

24.8 

0.038 

IG 

00.8 

0.136 

^2 

28.4 

0.044  1 

17 

«2.i5 

0.145 

32.0 

0.049 

18 

64.4 

0.151 

33.8 

O.fKVi 

19 

66.2 

0.162 

35.6 

0.05fS 

20 

68.0 

0,172 

37.4 

O.OttO 

21 

69.8 

0.182 

30.2 

0.064 

22 

71.6 

Oli*;^ 

41.0 

O.WJS 

23 

73.4 

0.2U4 

42.H 

0.073 

24 

75,2 

O/'Jlo 

44.6 

0J)77 

25 

77.0 

0.229 

46.4 

(J.U81 

20 

78.8 

0.242 

48.2 

0.088 

27 

80.6 

0.256 

60.0 

0.094 

28 

82.4 

0.270 

51.8 

0.100 

29 

84.2 

n,2Hr. 

14 

53,6 

0.106 

30 

86.0 

0  301 

Detemunatlon  of    B«lative  Humidity  hy  the 

wet  and  dry  Thermometer  Bulbs.  'Iliis  instru- 
ment,  wbieli  is  kjn^wn  alscj  ns  the  jisyt^hrum- 
eter,  txinsist-!  of  n  jniir  nf  ueeunite  tlieruioni- 
f'ters  on  an  upri;^ht  su|)jH>rt.  Tlie  bulb  nt*  mw 
is  free  ;  that  of   the  other  is  covered  with    a 


Fig.  10. 


I'sychrometer. 
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layer  i>f  nni^r^Iin  ko]>t  nioisk'ninl  bv  iDrans  of  a  piece  of  wickiug  whid; 
di\is  into  a  stnall  \'f>sel  <tf  watrr  In'oeiitb,  (See  Fig*  10.)  In  u  salu- 
ratal  atniusphere,  uo  evjipomtion  mii  t>ccur  from  tlie  wet  muslin  ;  but 
in  one  not  saturated,  tiie  prncesN  goes  on  witLi  viirying'  mpidity.  Eva]»- 
(mitii>n  is  a  proees>  whicli  rt  (piiret*  heat  anil  eiinst^s^  a  lowering  of  the 
tempt  nitu IV  uf  the  moist  surface  ;  the  mnre  rapid  its  rate,  the  greater 
tiie  al»stmeti<in  of  lieat.  The  drier  the  atioospliere,  the  greati-r  the  rate 
of  eva|>onition,  and,  therefore,  the  greater  the  tidl  in  fctimpr.iture.  If 
the  instnnnent  is  plaet^l  in  a  saturated  atmosphere,  tlie  two  therninm- 
eters  will  give  the  i^nnv  rea*ltng^  ;  but  in  one  not  siiturated,  thi^  wrt 
thenmuneter  will  tall  gnulually  until  tin*  tr'nipenitnre  iif  the  surtarr  nf 
its  bulb  i^  nearly  as  lou  as  that  of  the  dew-jK*int  ;  that  is,  tails  to  that 
|KKnt  lit  which  air  at  the*indiciited  teni|K'mture  is  «o  t^atunited  that  a 
farther  lowering  wonld  be  fnlhiwed  by  condensation  of  nioij?ture.  As 
a  matttr  of  f'aet»  the  wet  thLMiiKaneter  does  not  iiill  so  far  in  a  quiet 
air,  since  its  bulb  kn-nnies  surrounded  hy  a  layer  trf  stagnant  satunvtc^l 
air,  and  ivceives  more  or  less  heat  fn^m  tlie  surrounding  warmer 
atmi»sphere.  Again,  iii  a  satiutited  atmo8phere,  the  wet  thermometer 
may  stand  slightly  liigher  iUnn  the  dry  one,  owing  t<^>  the  fact  that  its 
covering  pri>teets  it  from  loss  u\'^  heat  by  radiation. 

(iLAlSIlER"8  TABLE. 


dry  bulb 

1     Reading  of 
dry  bulb 

dry  bulb 

Factor. 

Fattor. 

F««U»r. 

tbi>riDuiuet«r. 

Ihenuom^ter. 

la 

8.78 

41 

2.26 

71 

1.76 

H 

8.78 

42 

2.23 

72 

1.75 

IS 

8.78 

43 

2.20 

73 

1.74 

IS 

8.77 

44 

2.18 

74 

1.73 

u 

8"6 

45 

2.16 

75 

1.72 

15 

8.75 

46 

2.14 

76 

1.71 

Id 

8.70 

47 

2.12 

77 

170 

17 

8.62 

48 

2.10 

78 

1.69 

IS 

8.50 

49 

2.08 

79 

1.69 

19 

8.34 

50 

2.06 

80 

1.68 

20 

S.14 

61 

2.04 

81 

1.68 

21 

7,88 

52 

2.02 

82 

1.67 

22 

7.60 

53 

2.00 

83 

1.67 

23 

7.28 

54 

1.98 

84 

i.m 

24 

6.92 

55 

1,96 

85 

1.65          1 

25 

6.53 

56 

1.94 

86 

1.65 

2fi 

6.08 

57 

1.92 

87 

1.64 

27 

5.61 

58 

1.90 

88 

1.64 

28 

6.12 

59 

1.89 

89 

1.63 

29 

4.ft3 

60 

1.88 

90 

1.63 

30 

4.16 

61 

1.87 

91 

1.62 

81 

3.«0 

62 

1.86 

92 

1,62 

82 

3.32 

63 

1.85 

93 

LtU 

38 

3.01 

64 

1.83 

94 

1.60 

34 

2.77 

65 

1.82 

96 

1  60 

35 

2.f>0 

66 

1.81 

96 

1.59 

36 

2Jy(} 

67 

1.80 

97 

1.59 

37 

2.42 

68 

1.79 

98 

1.58 

38 

2.m 

69 

J. 78 

99 

1.58 

30 

2.32 

70 

1.77 

100 

1.57 

40 

2.29 

i 
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Tor  the  purpose  for  which  it  is  intended,  the  instrument  is  exposed 
itil  the  wet  thermometer  ceases  to  fall,  and  then  the  reading  of  both 
»iK>ted.  From  these  data,  with  the  assistance  of  Glaisher's  factors 
■stable  on  page  254),  the  dew-point  is  easily  calculated  in  the  follow- 
■g  tnanner  :  Multiply  the  difference  in  the  two  readings  by  the  factor 
•Ppoeite  the  figure  in  the  table  corresponding  to  the  temperature  of  the 
■y  bulb,  and  subtract  the  product  from  this  temperature. 


TABLE  OF  TENSIONS. 


**■»!»».       Corre-  Tension 

|U|**i'«.        spondins    in  inches  of 
^"•oheit.  degrees  C .      mercury. 


2 
3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
IS 

1» 

20 

21 

22 

2X 

24 
25 
26 


29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 


Tension 
in  mui. 


Tempera-         Corre- 
I       ture.       I  sponding 
i '  Fahrenheit. ,  degrees  (.\ 


Tension 

in  inches  of 

mercury. 


Tension 
in  mm. 


—17.2° 

0.046 

1.17      1 

5P 

10.6° 

0.374 

9.50 

—16.7 

0.048 

1.22      ' 

52 

11.1 

0.388 

9.86 

—16.1 

0.05 

1.27 

53 

11.7 

0.403 

10.24 

!    —15.6 

0.052 

1.32 

54 

12.2 

0.418 

10.62 

—15.0 

0.054 

1.37 

55 

12.8 

0.433 

11.00 

;    —14.4 

0.057 

1.45 

56 

13.3 

0.449 

11.4a 

—13.9 

0.060 

1.52 

57 

13.9 

0.465 

11.81 

1    —13.3 

0.062 

1.57 

58 

14.4 

0.482 

12.24 

—12.8 

0.065 

1.65 

59 

15.0 

0.500 

12.70 

-12.2 

0.068 

1.73 

60 

15.6 

0.518 

13.16 

—11.7 

0.071 

1.80 

61 

16.1 

0.537  * 

13.64 

—11.1 

0.074 

1.88 

62 

16.7 

0.556 

14.12 

—10  6 

0.078 

1.98 

63 

17.2 

0.576 

14.63 

—10.0 

0.082 

2.08 

64 

17.8 

0.596 

15.14 

—  9.4 

0.086 

2.18 

65 

18.3 

0.617 

15.67 

-  8.9 

0.090 

2.28 

66 

18.9 

0.639 

16.23 

!    —  8.3 

0.094 

2.38 

67 

19.4 

0.661 

16.79 

1    -  7.8 

0.098 

2.49 

68 

20.0 

0.684 

17.37 

,    -  '-2 

0.103 

2.62      : 

69 

20.6 

0.708 

17.98 

i    -6.7 

0.108 

2.74      ' 

70 

21.1 

0.733 

18.62 

-  6.1 

0.113 

2.87      ; 

71 

21.7 

0.759 

19.28 

-  5.6 

0.118 

3.00 

72 

22.2 

0.785 

19.94 

-  5.0 

0.123 

3.12 

73 

22.8 

0.812 

20.62 

—  4.4 

0.129 

3.28 

74 

23.3 

0.840 

21.34 

-  3.9 

0.135 

3.43 

75 

23.9 

0.868 

22.05 

—  3.3 

0.141 

3.58 

76 

24.4 

0.897 

22.78 

-  2.8 

0.147 

3.73 

77 

25.0 

0.927 

23.55 

-  2.2 

0.153 

3.89 

78 

25.6 

0.958 

24.33 

-  1.7 

0.160 

4.06 

79 

26.1 

0.990 

25.15 

-  1.1 

0.167 

4.24 

80 

26.7 

1.023 

25.98 

1    -  0.6 

0.174 

4.41 

81 

27.2 

1.057 

26.85 

1    -  0.0 

0.181 

4.60 

82 

27.8 

1.092 

27.74 

1     +  0.6 

0.188 

4.78      ■ 

83 

28.3 

1.128 

28.65 

1.1 

0.196 

4.98      : 

«4 

28.9 

1.165 

29.59 

1.7 

0.204 

5.18 

85 

29.4 

1.203 

30.55 

2.2 

0.212 

5.38 

86 

30.0 

1.242 

31.55 

2.8 

0.220 

5.58 

87 

30.6 

1.282 

33.56 

3.3 

0.229 

5.82 

88 

31.1 

1.323 

33.60 

3.9 

0.238 

6.04 

89 

31.7 

1.366 

34.69 

4.4 

0.247 

6.27 

90 

32.2 

1.410 

35.81 

5.0 

0.257 

0.53 

91 

32.8 

1.455 

36.95 

5.6 

0.267 

6.78 

92 

33.3 

1.501 

38.12 

6.1 

0.277 

7.04 

93 

33.9 

1.548 

39.31 

6.7 

0.288 

7.32 

94 

34.4 

1.596 

40.53 

7.2 

0.299 

7.59 

95 

35.0 

1.646 

41.80 

7.8 

0.311 

7.90 

96 

35.6 

1.697 

43.09 

8.3 

0.323 

8.20 

97 

36.1 

1.749 

44.42 

8.9 

0.335 

8.51 

9K 

36.7 

1.802 

45.77 

9.4 

0.348 

8.84 

99 

37.2 

1.856 

47.14 

^ 

10.0 

0.361 

9.17 

100 

37.8 

1.911 

48.54 
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Huviog  BOW  determined  the  de\V'|ioiiit,  the  next  .«te|i  iiri  to  a^soertain 
the  elat*tie  teDtsitiii  of  the  va]iiir  present  iu  the  air,  tluit  is,  the  tension 

of  the  dew-p»iiit,  uiid  the  teiisio[i  of  thut  Tieee?^sary  fav  saturation  at  the 
teiii[iemture  ui'  the  dry  Uulb,  whieli  data  eaii  he  nbtaineil  hy  reference 
to  the  tnhle  im  page  2 55, 

Fniia  these  Keverul  datu  the  rehitive  hurnidity  ijs  eulrii luteal  as  fol- 
h»Wi* ;  Divide  tlie  tension  of  the  dew-point  hy  that  of  saturation  at  the 
iietnid  teru]H»rature,  and  multiply  by  lOQ. 

Example  : 

Keadiog  of  dry  bulb  ^  67'* 
Kt^mlinK  *>f  wet  by  lb  -  -  62° 
Ih^w  point  =  r,7— (5X1.80)  =  67— 9  =  58*» 

R*;Utive  humidity      ^  ^^'^^'^  \  100  =  72.92  per  cent. 

More  accurate  detiTmi nation  may  In'  made  hy  employing  the 
"whirled'*  or  '*  sling'*  thermometcTs.  Thi'-^e  are  fasteiie<l  to  a  string 
of  such  a  length  that  the  tlistauee  from  the  hnlbs  to  the  held  end  is 
exactly  a  meter.  In  use,  they  are  whirled!  in  a  horizontal  plane  1(M> 
times  at  the  rate  of  one   revoliititiii    per  srniiuL      By  their  ns**,  the 

errors  nientitaied  as  likely  to  oeeor  wlien  the 
observatit>ns  are  made  in  stilt  air  are  elimi- 
nated. For  all  praetieat  pui*|ic»se^,  the  usv  of 
the  thermometers  in  the  r>rdinarv  way  gives 
snttieientlv  aernnit**  n*snlts. 

In  making  di4erniiiiations  out  of  donr^ 
wlien  tlie  temjM'niture  is  behjw  tlte  freezing- 
jxiiiit.  tlje  wiek  may  Ik*  disjK^nsed  with,  and 
the  bulb  is  then  wetttnl  by  cb|»piiig  it  into 
water,  the  exeess  In-ing  nanoviil  hy  means 
of  tilter-pajH'r  or  eummon  blotting- pa j>er,  i>r 
water  may  Ik*  ajvpiiix!  with  a  eamers-liair 
pencil.  Iiel(*w  tlie  freezing-point,  however, 
the  relative  humidity  is  of  little  hygienic 
interest,  sinee  the  anmnnt  of*  m(>istnre  wliich 
air  then  ain  eon  tain  is  but  slight. 

A  very  convenient  instrumeut  for  f|uiek 
approxhnate  determiDations  without  the 
neeessity  of  tallies  and  compntation  is 
known  as  the  hygn>phant  of  Winhx-k  and 
Ihaldlestoji.  ll  consists  c»f  a  jiair  of  ther- 
mometers and  a  (n'liuder,  upou  which  is 
iii^erilnil  a  serit^s  nf  22  colnnins  of  figuivs 
nmnheJM-^1  from  1  to  '2*2,  any  one  of  which 
may,  by  a  tnrn  t»f  a  knob,  be  bronglit  into 
nppiisition  with  a  fixeil  scale  ou  the  e;ising,  (Set*  Fig.  11.)  To  astvr- 
tain  the  relative  humidity,  not(^  the  dilfeitnice  in  the  l^adingf^  of  the 
thermometers,  turn  the  eyliiHler^  until  the  eolnmn  having  at  its  top 
the  iinmber  eorrespearding  U\  the  tblfereuce  ap|M'ars  opposite  tlie  scale, 


r\ti 


# 


^ 


Hyg^^^J>hu^^, 


J. 
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auid  read  the  figures  Hp|Hi^ito  the  imnilH-^r  i'Drresi>ou(liDg  to  the  teiu- 
[i€»ntture  of  the  wet  bulb. 


Remiiii^  of  dry  bulb 
Rt!ading  »>f  wet  bulb 
Diflbivncv 


Fiii.  12. 


The  eyhnder  i.s  turned  until  enhiniu  12  appciirH.  Oppoj^ite  00  of  the 
>c^ih%  the  reridiu*^  is  4G  ;  and  this  is  ajiprnxiriiately  the  (>ereeritag*»  of 
>a  t  u  ni  t  i  o  n  [ » n  se  ii  t  . 

Determination  of  Carbon  Dioxide. — For  tiie  i-c^lleetinn  of  suniple8 
c»f  air  for  this  deternvi nation,  it  k  weJl  to  provide  a  mini  her  of  bottles 
**f  about  a  ^ilh»n  eapaeitv*  Thrse  bslnKiIfl,  first  lA'  all,  l>e  mt^isurt^l 
very  can^fully.  T\n^  may  1h^  d(*ne  by  filling  theio  with  iee  wuter  and 
iiiitrn^  the  number  of  cl\  reipiired,  or  by  deternuniuic  by  nieans  of  plat- 
furtn  scales  sensitive  to  o  grauin  the  ditterenx^'  lietwtTti  their  weights 
€*mpty  iind  tilh*tL  It  is  well  to  plaee  a  distinguishing  niunber  and  the 
figures  denoting  its  eainieity  r»n  ea<*h  liottle,  either  on  a  laliel,  or»  iR'tter, 
by  means  of  a  writing  diiunmtd.  When  useci,  the  bottle  should  Ije 
|ierfe«:'tly  elean  an<l  dr\\ 

Wlien  it  is  ne*'ess:iry  to  employ  the  s^mie  bottle  again,  time  Ijeing  an 
ol>j*»i't,  the  drying  process  is  hastenc^l  \'erv  nmeli  by  wasliiug  Jirst  with 
water,  then  with  a  little  aleuhul  U\  n»move  the  small  itniount  of  water 
whieh  will  not  dniin  away,  and,  tinully,  with  a  little  ether  for  the  re- 
ninval  of  the  residuum  nf  aleuhoL  The  sniidl  amount  of  adherent  ether 
may  then  Ix^  removed  by  blowing  a  current  of  air 
into  the  Imttle  Ijv  means  of  a  belluws.  A  numljer 
c»f  tightly  fitting  rublie^r  ejips  sin  to  hi  [>e  proviiicnl 
ID  plaee  of  corks  or  rubl>er  ^topiK^r?.,  tlningh  if 
these  are  not  at  hand,  the  latter  may  be  used  ;  but 
note  ?ihoidd  \m^  uuuh  of  the  volimic  <if  air  whicli 
I  hey  displace  when  tliey  arc  iiiserteiL 

Solutions  Required. — K  S>u  Tiox  of  Barium 
Hydrate. — Dissolve  ab<»ut  4.5  gmms  of  bunrmi 
hydrate  antl  O.o  of  Ixiriiun  chloride  in  a  liter  i>f 
tli.Htilli*il  water  which  prcvinnsly  has  b<'en  boiIp<b 
ill  onler  t^>ex|i*4  any  <*arbou  dioxide  whieh  it  may 
ci»ntain.  It  i"^  well  to  jircpirc  an  amount  «ut- 
tieient  for  hiturc  netxls,  say  4  liters,  anrl  to  keep 
it  in  a  bottle  such  iis  is  shown  In  Fig.  12.  This 
i?»  |>r»»vi(kHl  with  a  rubber  st<>pper  with  two  jier- 
foratii^ns,  thnnigh  nne  of  which  a  bent  tube,  rcjieh- 
ing  to  the  bottom,  ami  intcu<lHl  for  withdrawal 
of  the  rejigcnt,  is  insertfHl.  Through  the  other 
is  esirried  a  tube  extcn<h* ng  onlv  int*^  the  neck, 
nnd  commun letting  at  its  outer  extremity  with 
a  U-tube  filled  with  pieces  of  pumice  soaked  while  hot  in  a  strong 
s*olution  of  caustic  iTOta.sh,  Tlie  delivery  tube  carries  at  ita  outer 
IT 


Bottle  far  barium 
liydmtc. 
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end  a  piece  of  (closely  fitting  ru liber  tubing,  whieli  is  kept  closed  by 
means  itf  a  piticheoek. 

in  witiulrawiii^  the  reii|^nU  inr  nse,  a  100  cr.  ])iiH4te  is  inserted 
into  the  free  end  of  the  rubber  tul>e,  siietion  is  applied,  and  the 
pinelieoek  is  openwl.  When  tlte  |ii])ette  is  tilled  t<»  the  niark^  the 
pressure  is  reniovetl  trom  tlje  pineheuek  iind  thr  pi|^M'tte  relc^ai^e*]*  As 
the  I'eagent  k  withdrawn,  air  tJows  in  through  the  other  opening,  and 
is  robbtHl  <if  its  carbon  dicLvide  l)y  ernvtaet  with  tlte  eanstie  potash  witli 
vvhieli  the  pnniiee  has  bt^eii  chiu^gi'd.  This  reag*iit  is  uscii  Cor  the 
absorjitiou  of  the  caribou  dioxide  enntaiued  In  rlir  sample  of  air  under 
exaininatioij.     The  reiietioii  is  exjjressed  Ijv  tlie  following  formula  : 


The  function  of  the  barium  ehloriile  is  explained  Mow. 

2,  Standari)  Solution  of  OxALii*  Arii>. — Dissolve  2.808  grams 
of  pure  oxali<'  acid  in  a  liter  of  distilled  water.     One  ec,  of  this  solu- 
tion is  e<]uivalent  to  O.f)  ee,  of  carbon  di(|xide  ;  that  is  to  say,  will 
neutralize  the  same  amount  of  l>nrioni   hydrate  as   will  combine  with 
t^irbon  dioxitle  Ui  furui  bariuTU  earbonate. 

3.  S(UA'TioN     OF    PiiENOJj'HTHALEiN. — l>is4?olve   0.5    gmm 
phenolplitlialeiu    in    100  ce.  of   aleohc*!.     This  solution  is  used  as 
**  indicator ''  of  alknliuity. 

Process  of  Analysis. — T\\v  proecs^  of  analysis  depeuds  upui  the  fact 
that  when  a  vohuoe  of  the  bariuui  hydnite  soluliou  is  bnaight  into 
contact  with  carbon  dioxide,  its  alkalinity  is  diminisheil  ViV  the  forma- 
tion of  liariura  crarbomit*%  which  is  a  neutral  body*  The  greater  the 
amount  of  carbon  dioxide  to  wliich  it  is  exjiost.-tl,  the  gn^ater  will  he  the 
Reduction  of  its  alkali ue  strcngtli.  A  lu'cliniinary  determination  of 
the  amount  of  oxalic  acid  s^dutiun  which  100  ee*  of  tlie  reagent  will 
neutndize  is  made  by  titrating  25  cc,  contained  in  an  Eriennieyer  flask 
ami  coloreti  by  nimns  of  a  few  dn^ps  of  the  phenolphthaleiu  solution^ 
and  multiplying  the  result  by  4.  After  the  n'jigent  has  bren  sul»- 
jecte<l  to  the  influence  of  the  g;is  in  the  air  saiuf>le,  a  similar  determin- 
ation is  made.  The  ditference  between  the  two  results,  divided  by  2, 
indicates  the  number  of  cc,  of  carbon  dioxide  present  in  the  amoiuit 
of  air  employed. 

The  sample  of  air  is  obtainixl  in  Oie  tVillowing  manner:  One  of  the 
h>ttles  above  mcntifiUL'd  is  jdaeeil  in  the  situotiim  from  which  the  air 
is  to  be  obtained,  and  its  air  content  is  <lisplaccd  by  melius  of  a  l>ellows 
providwl  at  its  *iuth4  with  a  rul>lH'r  tutn'  rd'  ^^utlieient  length  to  reach 
nctirly  or  y\uhv  to  thv  liottom.  A  half  niiuutc*s  pumjji ug  is  sufficient 
t<»  insure  tliat  the  original  air  is  replat*ed  liy  that  under  observation. 
One  is  s*inietiines  a<huonishe<l  to  be  cjireful  not  to  breathe  in  the  dirt^c- 
ticm  of  the  mouth  of  the  bottle,  but  this  is  an  unneei*ssary  precaution, 
since  the  current  issuing  froui  thi'  bottlL-  is  niucli  tiMi  powerfid  to  a<lmit 
of  the  entrance  of  any  air  <\xce[>t  tliat  pivqu^Ird  by  the  bellows.  A 
much  more  and  very  necessary  pret^iutiou  to  br  o!)servtHl  is  that  tin* 
<^I>erator  shall  not  allt»w  his  bresith  to  rearli  the  inlet  holes  of  the  bel- 
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After  a  half  nifiiiiteV  [Himpintj:,  tlie  rubber  cap  is  affixed,  ami 
Jttle  muv  then  he  earried   tu  the  lahnniturv,  ur,  better,  the  treat - 


the 


ment  ui  the  cuntaiiiecl  mr  may  be  pr(K*ec*ikHl  with  on  tne  spot.  An- 
other inethmi  uf  eolleetiii^  the  sample  is  ntteii  r4%*cmiiiieuded  in  place 
nf  the  one  deserilxd.  It  eunsists  in  fillin^^  the  Inittle  with  water  and 
empt\  in*i  it  where  tlie  air  is  to  Im-  taken.  By  this  prnrrss,  the  space 
ori|^iiially  ueeupit'd  by  water  is  fWUni  with  air,  bnt  tlie  met  In  m  I  is  uhjuu- 
tioiiable  in  that  the  water  cannot  drain  away  completely,  and  that  that 
whieh  remains  serves  ti)  dilntej  slightly  it  is  trne,  the  ehart^e  of  barium 
hydrate  next  to  be  intriHJneeil,  and  thus  brings  in  an  error  at  thi*  very 

t«UtH?t. 

Xext>  100  er.  of  the  barium  Iiydiiite  sniutirm  are  introdueed  by 
drawing  aside  the  etige  of  the  rnhher  cap  and  inserting,  int-o  the  o|x^ning 
4M"i  made*  the  point  of  the  filh^d  pijU'tte,  and  id  hi  wing  its  ec  intents  to 
flow  unaided  intc*  the  Iwttle.  The  IxHriiuier  w  ill  often  ineliue  inadver- 
tently to  gain  time»  and  assist  the  ein]»tying  of  the  pi|iette,  by  blowing 
into  it,  thereby  vitiating  his  residts  with  the  impurities  of  his  own 
ppi^piration.  As  scKin  as  the  pipette  is  emptied,  it  is  withdrawn  and  the 
edge  of  the  eap  is  replaetnl.  The  l>ottle  is  then  shaken  thoroughly  for 
abmt  ten  minutes,  mre  Ix-i  ng  nljserveil  not  to  wet  the  (*ii[K  si  nee  in  that 
event  some  of  the  reagent  may  ei>i«i]K*  by  eajnllarj  attraction.  At  the 
«»iid  (if  that  time  it  may  he  assumtnl  tliat  all  of  the  eontainetl  carbon 
di*»xide  l»as  been  brought  Into  t^nntaet  with  luid  alisorliiMl  by  the  barium 
hydrate,  whieh  i^  then  to  be  pinired  tpiickly  fnun  tlie  bottle  through  a 
fairly  large  funnel  into  a  gluss-sto|>jx'rt^l  botth?  of  rather  more  tlian 
100  oc.  csapacity.  The  solntion,  which  is  now  more  or  less  turbid  from 
the  pn^^nee  of  barium  carbonate,  is  a  Howled  to  stand  until,  thrraigh 
settling  of  this  *^uhstance,  the  su[K*rnafi*nt  btjuid  is  clear.  Three 
•loceessive  |>ortinns  of  2o  ec.  each  nre  next  to  lie  withdrawn  l>y  means 
4*f  a  pipette  of  the  [jrop^vr  size,  and,  after  additiiai  of  the  indicator, 
titrated  in  Erlenmey^er  flasks  with  the  standard  oxalic  acid  solution 
until  the  pink  rolor  ejinsetl  by  the  former  is  made  to  disapj^ean  So 
h>ng  m  any  color  remains,  nne  ktn>vvs  tlint  liarimn  still  exist**  in  the 
fonii  of  hydrate,  and  that  the  contents  cjf  the  flask  are  still  alkaline, 
for  phenolphthalein  gives  a  [link  tingi*  only  in  tlie  presence  oi'  tlie. 
nlkailie^.  Whm  the  pink  color  disap[>ears,  tlie  pnx^ess  is  linishtHl,  and 
the  reading  of  the  Itnr*  tte  is  nott^L  Tlje  tliree  portii>ns  of  2^^  ee.  eaeh  are- 
titrateil  in  turn,  and  the  mean  of  the  r«^snlts  is  multiplifNl  by  4.  The 
dilference  l)etween  this  prmhict  and  the  figure  obtained  in  the  pre- 
liminary test  of  the  stniigth  of  the  rt^igent,  ilivided  by  2,  indicates 
the  nimilK*r  of  cc,  of  carbnn  dioxide  in  the  volume  of  air  taken  for 
analysis. 

In  flUing  the  25  vt\  pijx'tte  from  the  bottle  containing  the  iiseil 
reagent,  greit  care  shimld  be  observer]  not  to  stir  up  the  sctliment  of 
bdrtum  carbonate.  To  prrforni  the  ojieration  properly,  it  is  necessary 
t*»  in.sert  the  point  of  the  pi|x'tte  well  l>elow  the  snrfaec,  and  to  All  it 
up  lo  the  mark,  or  jnst  bevoud  it,  by  one  uninterrupted  act  of  suction. 
If  one  stojjs  to  regain   breath,  \KU't   of  the  liquid   already  within   thcj 
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pipette  will  esoaji^  downwai**!  <lnrln;^  the  interval  with  siiftieieiit  fcirce 
to  ritir  up  the  stsHiiieiit.  When  tlie  pipette  is  filled,  the  jwdiit  of  the 
tonj^ue  slioulij  }>e  ap|)lie(l  U*  its  uppT  end,  ami  the  tip  ^hiiukl  then  Ite 
•withdrawn  lV<im  the  bottle.  Then  bv  plaeing  tlie  end  of  the  lorehiigi-r 
over  the  (ipeiiing  of  the  tip  of  the  pi[tette,  the  escajw  of  its  CHintents  U 
prevente<l,  winle  the  fnniinger  of  the  ntlier  hand  is  ix^placing  the  fM»iot 
itf  the  tungne.  The  reustai  for  sneli  eiireful  avr»hlance  of  stirring  up 
the  i^eilinient  is  that  the  presenee  of  Imriinn  carbonate  introduces  a 
i^light  error  in  the  titration.  The*  slight  exeess  nf  oxalic  acid  pr^^ent 
"whtm  tile  color  of  the  [>heniilplithalein  is  disehai^^l  attacks  the  su^- 
]M'od*Hl  iMirrnrn  earbnn;ite,  turniing  barinm  oxalate  and  netting  free  the 
cuinbinetl  carbon  ilioxi<k\      Thus  : 

The  free  carbon  dioxide  then  attacks  more  of  the  carlK>nate  and  forms 
Imrinui  bicarbonate^  which,  \wing  soluble  and  of  alkaline  reaction, 
cause?  the  pink  cnlor  to  reaf>pear. 

OH 

The  reasrai  for  adding  bariinn  chloride  in  nmkin^  the  l)ariuni 
liydnite  solution  h  that  most  barium  hydrate  (*cuitains,  in  additimi  to 
tiniall  amounts  t>f  carbonate,  traces  either  ol'  caustic  s«»ila  ov  of  eauistic 
])otash.  When  cither  of  these  .substances  is  brought  iutt)  f*ontuet  with 
Ifarinui  chloride,  uuitual  dceorujiositiou  otrurs,  and  we  have  as  results 
liimuui  hydrate  and  sodium  (or  jjotassiurti)  eld<»ride.  If  the  ijnpurity 
were  disrcgtink*<i»  it  woidd  cause  errf»rs,  a8  shown  l)clow.  Tlie  barium 
liydrate  sohition  when  titnited  with  oxalic  acid  would  Ix-have  aeeoi'diug 
4o  the  following  forrnida: 

^Budum        IBiiriimi         {SofiUnrn  (Oxafit;         (lUirJiim  (ScMliuui 

ttyrlmCe)       cArbtmate)      hydriitO  acid)  oxnlau*)  oxnlutci 

III  pnictiee  a  very  slight  exix*ss  of  i>xalic  acid  is  aLs(»  prest*iit,  ai»d 
the  reaction  then  pnu^eeds  still  tiulher.  The  s4Kliuni  oxalate  attacks 
the  barium  carbonate,  foniiing  barium  oxalate  and  .sodium  carbonate. 
Thus 

Na,C,0|  -  Bat'<>,    ^  BaCA  -^  Na,CXV 

Next,  the  sodium  trarbonate  neutralizes  the  tracer  of  free  oxalic  acid, 
und  any  surplus  causes  a  rt-appeamucv  ot'  the  j^ink  color  and  nt^cc'^ 
»itate8  farther  adrlition  of  oxalic  acid.  Tliis  clauses  the  formation  of 
more  sodium  oxalate^  which  in  its  turn  attacks  another  jwrtion  of  the 
Imrium  carbonate,  with  the  same  results  as  befi>re  ;  and  so  the  cycle 
continues  until  the  last  trace  of  suspendtxl  carbonate  is  deooniposKJ, 
If  the  hydrate  contains  no  impurities,  the  addition  of  chloride  is 
iinneeetssarv. 
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CofrectkiiB. — In  figuring  the  results  of  the  determination,  certain 
Mvrections  are  neee^sjiry.  First,  the  volume  of  the  birium  hydrate 
wd  (100  ee.)  must  bt*  subtractwl  from  the  cajwicity  of  the  bottle,  .siuch^ 
ill  intnxluction  displaces  an  e(|ual  vohmie  of  air;  and  next,  allowancen 
mst  be  made  for  any  dejmrture  from  standard  temperature  and  baro- 
■Ktric  pressure,  since  the  capjicity  of  the  sample  bottle  is  reckoned  for 
■irat  0°  C  and  760  nmi.  prt»ssure.  In  order  to  make  the  necessary 
corrections  for  temjx»raturt»  and  j>ressure,  the  thermometer  and  barom- 
eter should  be  noted  at  the  time  of  taking  the  sample. 

In  determining  the  amount  of  correction,  we  are  guided  by  two 
fhvisicsil  hiws  :  that  for  each  degree  of  temperature,  air  ex{)ands  a  con- 
Btut  fniction  of  its  own  volume  (Law  of  Charles);  and  that  the  vol- 
wneof  a  g:is  is  invei-sely  |)n>j)ortionate  to  the  pressure  (Law  of  lioyle). 
For  each  degree  centigrade  above  or  lx»low  0°  C,  air  ex|)ands  or  con- 
tacts 0.0030648  of  its  volume ;  and  this  figure  is  known  as  the  co- 
efficient of  ex})ansion  for  centigrade  degrees.  For  each  degree  Fahren- 
heit alxive  or  Ik»1ow  152°,  air  expands  or  contracts  0.002036  of  its 
volume ;  and  this  is  known  as  the  coefficient  of  expansion  for  Fahren- 
fceit  (legret»s.  Thus,  1  liter  of  air,  hesited  to  40°  C,  will  expand  to 
1t(40  y  0.0036648),  which  ecjuals  1.146592  liters;  or  heated  to 
104°  F.  (104°  F.  =  40°  C),  it  will  exi>and  to  1  |  (72  X  0.002036), 
which  equals  1.146492,  as  before.  Again,  the  same  volume  cooled  to 
-15°  C,  will  contract  to  1  -  (lo  >  0.0036648),  or  945  cc. ;  or  cooled 
to  5°  F.  (5°  F.  -=  15°C.),  it  will  l)ecome  1  —(27  X  0.002036)  or  945 
«.,  as  l)efore.  iSo  an  api^Kirent  volume  of  1,000  w.  at  any  temjieniture 
«bove  freezing  is  in  reidity  a  smaller  volume  exi>anded  to  that  size ; 
«id  at  any  temperature  below,  is  a  larger  volume  brought  to  that  size 
ly  contract  i<m. 

To  corre<'t  volume  for  tem]H»niture,  we  must  divi<l(»  the  apparent 
Tolume  l)y  1  plus  the  i)nMluct  of  ().00;)6648  times  the  numlxT  of 
<legT«?s  away  from  0°  C\,  or  in  cjise  of  temperatures  b(»low  freezing, 
»y  1  minus  that  amount.  If  the  Fahrenheit  sciile  is  uschI,  the  ai)i>ro- 
priate  coc^ffieient  and  factors  must  be  substituted.  Thus  we  may  employ 
*  set  of  formuhe  as  follows  : 

For  teiii|K'nit!ires  a}H>ve  0°  C T" 


1  -  (M)^):je>()4S./°  ('. 

For  ti"iiiin*r:iliires  U'low  0°  (' V   -  --  

1    -  (>.(HKMU;4H./°  (\ 

For  U'liitK^rntures  above  3*2°  V.   .    .    .  V  —    —  —       

*  1    ♦  (MM)i>(K{(;  {(°  F.  — 32) 

For  temiHfratUR's  below  32°  F.   .    .    .   V—  - ^ 

*  1  —  ().(K)2()30  (32  — 1°  V. ) 

^D  the  above,  V  —  cornn^t  volume. 
r'=  ai>|>Jirent  volume. 

inasmuch  as  volume  is  inversely  pro]>ortionat(»  to  ]>ressure,  the  true 
^wumo  at  any  observwl  pressun*  is  (►btiiincnl  by  multiplying  the 
'PP^rent  volume  by  the  bjirometric  pressun*  ex|)ressed  in  millimeters 
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or  inches,  and  dividing  the  product  by  760  or  by  29.92,  as  the  c»| 
may  be.     We  may  use,  then,  this  formula : 

760 

Applying  it,  we  find  that  an  apparent  volume  of  1,000  cc.  at  750  nm. 
becomes 

1,000X750. 
760 

or  using  the  other  scale,  the  barometer  standing  at  29.53  inches  (29.5J  i 
in.,  750  mm.),  it  becomes 

1,000X29.53^^3^^ 
29.92 

If  the  barometer  reads  higher  than  the  standard  pressure,  the  true 
volume  will  be  greater  than  the  apparent.  Thus,  suppose  the  pressure 
to  be  30.22  inches,  then  1,000  cc.  will  represent 

1000X3022  _1  010  cc. 
29.92  ' 

Instead  of  going  through  two  separate  calculations,  we  may  make 
both  corrections  at  once  by  means  of  one  formula  which  is  a  combina- 
tion of  the  two  kinds  already  used.  For  temperatures  above  0°  C. 
the  correct  volume  is  obtained  by  means  of  the  following : 

(1  -1-0.0036648.^°)  760 

By  changing  the  plus  sign  to  minus,  the  formula  is  adapted  to  tem- 
peratures below  freezing.  If  the  Fahrenheit  thermometer  is  used,  and 
the  barometric  pressure  is  expressed  in  inches,  the  formula  is  as  fol- 
lows : 

Y^^ V'XA 


[1  -I-  0.002036  (/°  F.  -  32)]  29.92 
and  if  the  temperature  is  below  32*^,  it  must  be  changed  to 
y^^ V  X  B 


[1  —  0.002036  (32  —  <*»  F.)]  29.92 
In  these  formulae : 

T'    =  correct  volume. 

V^   =^  api)arent  volume. 
B    --=  barometric  j)ressure. 
t^     =  tenif)erature. 

In  order  to  avoid  the  tedious  process  of  multiplication  and  divisiolJ 
which  the  working  of  these  formulje  involves,  recourse  may  be  had  W 
the  admirable  tal)l<\s  of  Dr.  AValter  Hesse,^  wherein  can  be  found  tlw 
correction  to  he  made  for  all  teni]K*ni tares  between  —  2°  and  30°  C 
and  for  all  pressures  betwei^u  (580  and  770  mm.,  by  simple  referenc 
to  the  projx^r  column. 

^  Tabellen  zur  Reduction  eines  Gasvoluinens  aiif  0°  und  760  mm.    Bnuihwick,  18" 


L'XAMIXATIOX   OF  AfR. 


263 


For  all  prafitu^l  pijrpn-.t\s,  thi'  (^offHrieiits  of  expiinsioii  nmy  be 
shortened  to  (iuri:j*>0  and  OJMI'i,  thus  uvoitling  nujch  figuring  whk'li 
bas  v^ery  little  influence  on  the  end  result:?. 

Example  of  Method  of  Reckomng  CO..— Capiicity  of  sample  Ixittle, 
*l,88'3  (^c,  2')  ve.  of  birirnri  hydrate  M>lutioti  require  21  ee.  of  standard 
solution  of  oxalic  aeid,  iH'iiee  IW  ee.  =  84  cc.  After  contact,  2rj  ce. 
reipiire  17.2  ee.  ;    lUU  ce.  retpiire  tiH.8  oc. 

Difference  in  oxalic  iicid  required  ^^  84 — ^68*8  ^  15.2  cc, 

1  <X!.  of  oxalic  aeid  g<3lution  =^  0.5  cc.  of  C(X  ;  henee,  15.2  cc.=  7.6 
ec  of  C<  X„ 

The  air  in  the  bottle  eoutaiued,  the  re  fore,  7  A}  cc,  of  CO^. 

Determination  of  volume  of  air  taken  ; 


C^ipacity  of  battle 
AtHoimt  of  tKirium  solution 


V= 


=     100 
Apparent  vt>Iiime  of  air  =  3,785 

Oljfii'rvLMj  kiroTTit'trk'  prt'A^iire  =  2VIJW)  inohes. 
Obsserved  teoipe ratine  =  65**  F. 

3  J85X29JJ0 112,(136 


[1 


( ax>02(»;^4;  -  33 ) ]  >;  29.!I2       l mi 1 88  >,  20.92 
3t">01>  cl\  —  actual  air  volume  fxumiii«*d. 


n2,036_ 

31.93  " 


Then  3,509  ce.  of  air  eont^iin  IJ]  ec.  of  CO^.      It  l>eing  cui^tomary  to 
express  restdts  in  |jarts  per  10,000,  this  mte  is  determineil  as  follows  : 

3,50{»  :  T.ti  -  10,000  :i    i    -  21. (}6. 

Hen<*e  the  air  eoutains  21.(>6  volumes  of  CO.,  id  10,000. 

Beteimination  of  CO.  by  Wolpert's  Method.— This  j^rocess  is  designed 
for  what  may  Ij**  adleil  rou^ldy  approximate  work  in  testing  the  air 
of  schoiil  rooQis  anil  similarly  I'njAvilcd  spaces.  It  requires  no  chemical 
training  on  the  jKirt  of  the  o]M.'nitor,  and  for  pnieiie<d  [nirjioses  gives 
fairly  sati.sfactory  results,  iudieatiug  that  the  air  is  giKwl,  iair,  poor,  or 
very  bad.  The  apimratus  eo[isist.s  of  a  gmthuited  glass  cylinder 
with  a  movable  [>iston  reatliing  to  the  l)ottom  and  kept  in  proper 
l^jsition  by  a  metal  lie  nip,  through  the  center  of  whit^i  the  shaft  pro- 
tnules.  The  shaft  is  a  glass  tul)e  of  narrow  €^alil>er,  open  at  both  ends. 
The  reagt*nt  nsctl  is  a  standard  solution  of  alkali,  eolorwl  with  phenol- 
jihthulei  u. 

In  rmiking  a  test,  the  piston  is  removed  and  2  re.  fif  the  solution  are 
intrtrtluetHl  int4*  the  ey Under  by  means  of  a  pijK^tte.  The  piston  is  I'e- 
jilaceil  and  pressetl  down  luitil  all  air  is  expelled  through  the  shaft  and 
tlie  liquid  appears  within  the  bore.  The  pist<oi  is  then  drawn  up  until 
its  h>wer  erlge  is  r>pposite  the  first  mark,  and  in  the  pro* -ess  tlu'  spiice 
so  made  is  HUed  with  air  which  enters  through  the  shaft.  The  apfmni- 
tus  is  now  sluiken  vigorously  for  one  minute.  If  the  liquiil  iiecHmes 
<K>lorless,  it  in  proof  that  the  air  of  the  room  is  bad.  If,  on  the  other 
hand,  the  color  jw^rsists,  the  piston  is  raised  by  the  next  graduation, 
and  the  shaking  is  reuewnl  fi>r  another  minute.  It'  the  reagent  still 
retains  color,  the  piston  is  raised  furtlier  and  more  air  is  adniitt-cxl. 
Thf  pHK-ess  is  continntMl  until  repeattMl   additions  of  air  and  remnvt^l 
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shakings  cause  the  color  to  be  discharged.  At  this  point,  the  reading 
of  the  scale  indicates  the  character  of  the  air.  The  greater  the  amonnt 
of  air  required  for  complete  decolorization,  the  less  the  relative  amonnt 
of  impurity.     The  apparatus  is  shown  in  Fig.  13. 

Determination  by  Fitz's  Method. — A  modification  of  this  process,  giv- 
ing results  which  are  in  close  agrt^ement  with  parallel  analyses  by  the 
Pettenkofer  method  above  descrilxxl,  has  been  devised  by  Dr.  G.  W\ 
Fitz.^     The  apparatus  is  ver}'  simple,  and  consists  of  a  small  cylinder 
of  glass  with  a  rounded  bottom,  and  a  smaller  open  one 
which  sli|)8  into  the  other  through  a  collar  of  nibber  tubing 
which  makes  a  tight  joint.     As  the  inner  cylinder   is 
drawn   out,  air  enters   through   its   upper  end,  and  its 
amount  is  measured   by  the  graduations  on    the   outer 
tube,  the  lower  margin  of  the  inner  tube  serving  as  an 
index.     (See  Fig.  14.) 

The  reagent  usikI  is  a  1  per  cent,  solution  of  lime 
water  made  in  the  following  manner.  About  95  cc.  of 
water  containing  a  few  (lroj>s  of  phenolphthalein  solu- 
tion are  neutralized  by  the  additicm,  drop  by  drop,  of 
lime  water,  which  causes  a  pink  color  that  at  first  dis- 
appears on  shaking.  As  soon  as  a  faint  tinge  persists, 
the  complete  neutralization  of  the  carbon  dioxide  of  the 
I  I  I  water  is  evident.  One  cc.  of  saturated  lime  water  is  next 
7^JL,J^r  added,  and  the  whole  is  then  made  up  to 

100  cc.  The  solution  should  be  made  as 
netnlod,  since  it  retains  its  full  strength 
but  alxjiit  twelve  hours. 

In  making  a  test,  10  cc.  are  introduced 
into  the  outer  cylinder ;  the  inner  one  is 
inserteil  as  i'lw  as  it  will  go  and  then 
raisiHl  to  the  10  cc.  mark  on  the  saile, 
which  means  the  presence  of  20  cc.  of 
air,  since  the  tube  itself  contains  10  cc. 
The  apjKU-atus  is  then  closed  by  applying 
the  en<l  of  the  forefinger,  and  shaken 
vigorously  thirty  tinier.  If  the  pink 
color  persists,  the  inner  cylinder  is  pushed 
to  the  bottom  and  then  drawn  up  again^ 
and  the  operation  is  re|X*ated  until  the 
color  (lisi])pears.  At  this  iK)int,  the 
amount  of  air  usi»d  is  noted,  and  by 
reference  to  a  table,  the  number  of  parts 
per  10,000  is  ascertained.*  Dr.  Fitz 
asserts  that,  in  the  hands  of  an  ordinarily 
careful  man,  the  process  is  accurate  witliin  1  part  of  CO,  in  10,000. 

^  Journal  of  the  Massjichusetts  AKSo<'iation  of  Boanls  of  Ilesillh  IX.,  p.  5. 
'  The  apparatus  and  complete  directions  for  use  are  obtainable  of  tie  Knott  Appa- 
ratus Company,  Boston. 


Pbor. 


Fig.  14. 


Fitz'H  air  tester. 
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18  substantiated  by  Professor  L.  P.  Kinnieutt,*  of  the  Worcester 
^lolytechnic  Institute,  who  has  employed  the  process  himself  and 
aontpolled  its  use  by  others  with  parallel  analyses  by  the  Pettenkoter 
awthod. 

Determination  of  Carbon  Monoxide. — While  a  number  of  pr<K'> 

y^mmA  have  l)een  devised  for  the  detec?tion  and  determination  of  carbon 

^sonoxide,  none  has  bi^en  discovered  as  yet  that  is  wholly  satisfactory 

Jior  other  than  qualitative  work.     The  gas  may  be  detecteil  qualita- 

\  tbdy  by  exposing  water  containing  a  small  amount  of  fresh  normal 

liood  to  the  air  under  examination,  and   then   examining  the  same 

'with  the  spectroscope.     If  no  carbon  monoxide  is  present  in  the  air, 

4e  characteristic  absorption  Imnds  of  oxyhemoglobin,  shown  by  the 

ipectroscopc^,  are  changed  to  a  single  band  in  the  space  between  on  the 

addition  of  a  reducing  agent,  such  as  ammonium  sulphide.     If,  how- 

fver,  the  gas  is  ])resent,  no  cliange  occurs. 

The  test  is  applied  in  the  following  manncT :  A  few  drops  of  blood 
irell  diluted  with  water  are  exjK)sed  to  the  air  in  a  jar,  and  brought 
into  intimate  contact  by  vigorous  shaking.  A  few  drops  of  ammonium 
nlphide  are  next  added,  and  the  mixture  is  again  well  shaken.  If  on 
»pe«troscoj)ic  examination  but  a  single  band  is  observed,  the  absence 
of  the  gas  in  amount  equal  to  3  parts  per  10,000  may  be  inferred,  for 
this  is  the  limit  of  delicacy  claime<l.  If,  however,  the  characteristic 
two  bands  of  oxyhajmoglobin  api)ear,  the  presence  of  the  impurity  to 
that  extent  is  prove<l,  since  otherwise  the  reagent  would  have  exerteil 
its  normal  effect. 

The  following  process,  devised  by  Fodor,^  is  said  to  be  of  suffici(^nt 

delicacy  to  detect  1  part  in  20,000.  Fresh  defibrinated  blood  is  mixed 

with  10  volumes  of  water  and  introduccKl  into  a  large  jar  containing 

the  suspected  air.     After  being  allowed  to  stiind  for  about  an  hour 

without  shaking,  it  is  transferred  to  a  small  flask  providtni  with  a  rub- 

her  8top|)er  carrying  two  glass  tul)es,  one  of  which  dips  beneath  the 

«irfcoe  and  conncHjts  at  its  outer  eml  with  a   ]K)tash  bulb  containing 

palladium  chloride  solution.     The  other  tube  serves  as  an  outlet,  and 

w connected  with  a  series  of  three  potash  bulbs  containing  res|)ectively 

W  acetate  solution,  <lilute  sulphuric  acid,  and  palladium  chloride  so 

diluted  that  it  has  a  bright-yellow  <'ol()r.     The  t<'rminal  bulb  is  con- 

'^ccted  with  an  as])irdtor,  which,  when  set  in  action,  draws  a  current 

pf  air  through  the  ^ivq  different  pitK^es.     The  flask  contiiining  the  bloinl 

1*  heated  on  a  water-bath  for  fifteen  to  thirty  minutes  with  occasional 

shakbg,  and  meanwhile  a  slow  current  of  air  is  dniwn  through  the 

•PPWatus.     When  the  blo(xi  In^gins  to  change  color,  the  carboxyluomo- 

pooin  decomposes  and  yields  its  CO,  which  reduces   the   palladium 

<5ontained  in  the  terminal  bulb.     The  chloride  of  palladium  in  the  first 

bulb  is  used  for  removing  any  traces  of  the  gas  and  of  oth(T  reducing 

>g^nt8  in  the  aspirated    air.     At  the  close  of   the  operation,   if   the 

blood  contained  CO,  the  |)alladinm  chloride  in  the  terminal  bulb  shows 

*  Loco  citato,  p.  S. 

'  Dentflche  VierteljahrHMchrift  fiir  oflentlicht*  (lesuiuiheitHpflejce,  Vol.  12. 
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u  precipitiite  of  recliirrd  [willa^liinii  and  tli*^  lic|ui(l  has  a  somewluit 
darker  tint.  The  lead  aiH'tate  and  dilute  siilphtirir  arid  serve  to  remove 
any  tmtv,s  tjf  siilphiiivtkMl  hydni)£"en  iind  aniiiMmiu,  both  of  which  Kub- 
-statKTs  will  (*aiise  }>reeipitatM>ii  of  tlio  paUiHltiiiiL 

OthiT  4jiuditati ve  tc^^ts  of  t^reattT  or  U-ss  di'lit*at\v  induclt^  the  following  : 

1.  Mix  5  (*c*.  of  ex[>o.H»d  hlun<l  solution  and  lo  vt\  at'  n  1  |XT  <vut, 
i^olutioii  of  tannit"  su-id,  llu-  resulting  pn  eipitate,  whirh  settles  very 
*?!owly>  has  a  browriiiih-red  color,  if  C*0  wuh  present  in  the  air;  other- 
"wise  it  is  grayish-brown. 

2.  Mix  lit  re.  of  th(*  bluod  si4utiori  with  i>  ct\  of  a  20  per  cent 
iioliition  of  ]MttiL^sinni  i'erroeyanide  and  1  ce.  i>f  atTlie  acid  (I  part  of 
glacial  aeetie  ueid  to  2  of  witter).  A  retkUsh-brown  precipitate  is  in- 
^iieative  of  the  presentHi  of  the  gai$,  aud  one  of  gmyi^h-brown  show8  its 
4ib.senoe. 

3.  Brin^^  tf>gether  on  a  |)oree!ain  plate  1  dmp  each  f>f  exposed  <lefi- 
hrinated  i^lood  and  siMlimn  hydrate  stthition  of  a  s|ieciiic  gravity  of 
l.*iO(K  Witli  CO  bltHKl,  the  cohir  is  bright  rt^l,  while  with  normal 
hlood  it  is  brownish  or  blackish. 

4.  In  place  of  the  above  reagent^  nsea  mixture  tii'  1  jwirt  of  tlie  same 
with  3  of  c^tdeinm  ebloride  soluti<ai.  (_X  >  bloiHl  gives  a  earmine,  aud 
normal  liltHKl  a  light-brown  r^r  browiiisli-red,  color. 

5.  Draw  air  tljrongh  a  tube  efuituining  a  scJotiou  of  cuprous  elilo- 
ride,  which,  in  the  j)rcs<'nee  of  (  H  >,  deposits  a  cbanieteristie  preeipitate, 
which,  according  Bcrth(*h)t,  is  CuJ  1^C'0.2H,0. 

Quantitative  Determination.- — Niehmx  *  tias  devise<l  a  eolorimetrio 
method  for  which  he  claims  great  aceumey.  It  is  Imsed  upon  the  fact 
that,  liy  the  action  of  carbon  monoxide  on  iodic  aci*b  tlefinite  amounts 
<*!'  i(Mline  are  set  frt^c.  He  (combines  this  with  an  alkali,  aci(hdatt>  and 
?*hakes  out  with  cblurform  or  carbon  <lisulphide,  and  then  e<im|^are^ 
the  color  with  soluti^>ns  ci>ntttiuing  known  amonnts  (*f  iodine.  From 
the  aDionnt  of  iodine,  the  amount  of  CX)  which  cant^ed  iti^  libemtion 
may  be  reekon^Hl. 

Gautier-  allows  the  lil>erated  imiinc  to  act  uptai  eopj>er  foil,  and 
dt*terniines  the  amount  of  CO  from  tlie  inei-ease  in  weight.  He  also 
determines  the  V(X  }>r<MlutM^l  by  the  action  of  io+line  pentt»xide  on 
CO;  the  result  indicates  vohntie  for  volume.  Potain  and  DiYmin^ 
recommend  a  iHilorimetric  method  by  means  of  dihite  |)alladium 
chloride  solution. 

Determination  of  Ozone. — The  allotivipic  fonn  of  oxygen  acts 
tiiMin  |H>ta.s>inm  iiHlide  in  the  pn^enee  of  moisture  and  converts  it  to 
hydrate,  with  liberation  « if  i(  Kline,  according  to  the  foHowing  formula: 

2KI  ^  If/>  -  a,-  2KnH4-0, -fl^ 

This  reaction  is  the  basis  of  most  of  the  processes  which  have  beon 
proposed  for  qualitative  and  quantitative  dctermi nation,  none  of  which 
may  be  regi^rded  as  of  value,  since  there  are  many  sources  of  error  t« 


^  C'nmpte-^  runilus,  CXXVL,  |).  74H. 
»  nwJeni,  IXXVI,.  pp.  871,  U:il.  07.^. 


"  Ibidem,  p.  1)38, 
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ken  into  account,  soiinx-s  imjM>8h«ihl*'  U*  elijnuiat*;  ami  nf  inipur- 
injp>ssihlt'  to  riunpiiti'. 

le  preisCDCf  of  imme   iri  tlit>  air  is  si»jipi>?itKl   to  be  (IcrHuiiKtratHl 

(I,  OD  ex]j43.sure  *>!*   jkhmt   saturatiHl   wttli  ntairh  pastt^  contain iiig 

assium  icxli*K%  a  hhw  color  gradually  devolo[>s,  owin^  to  tin-  a<*tii»n 

Jic  lilK'niiLiI  iodine  mh  tlu'  stan-lu      (iuaiilitativt'  dt'ttTini nations  arc* 

W  i.Hini|Kiring  tlic:  tint  with  a  stainbu*<l  srulf\  tlie  depth  of  e«>lor 

^  cIejM}ndent  npon   the  annaint  of  inline   lil>i'nit4.*<lj  Miid   this  n[>ou 

atncmnt  of  ozmie  [iresent.     The  pi|H*rs  are  pre|Ktred  in  the  t*ollt»w- 

mjinner  :    From  '2  J}  to  10  ^  ran  is  of  stareh  are  taken »  aeeordint;  to 

rtH»nnin»endations    foUowed,  and,  afttr    trituration   vvitli    a    small 

of  eohl   water,   are   iMnhnl   t'or   about   ten   minutes    in   aluMit 

>cc.  of  water,  ami  tiltercsl.     One  ^min  of  potassium  iodide  in  soln- 

I  Ij*  next  addtnl  irnidually  with  eonstant  stirring.     Strips  of  stt»ut 

llt(^r-|ia|H'r,  wet  with  distillnl  water,  are  soaked  in  the  stjirrh  |jre|«i- 

itinn   u  tit  it    tbev   are    thoroiigiily    itiiprei^nateil    (about    two    to    fcair 

fOurs)^  then   renioveil  with  the  aid  of  forecps,  spread  Hat,  and  drii'*! 

the*  dark.      When   usrd,  they  are   hnng  np  out  of  the  dir4"et  sun- 

(flit  and  exf>os(»d  tor  a  drtinite  time,  tlieu  i*eniovwl,   moistt  iii'd   with 

iT,  and   eoui pared   with   the  srale.      The  objeetious   to  tlie  jiroeess 

tbat    a    number    of   other  substanees  which    may   be  in   the  air, 

las  certain  volatile  organic  acids,  ehlorinc,  nitrons  aeid,  and  hvdn>- 

I  p'roxide,  e^iuse  this  same  ebemioal  reaetion  ;   that  the  I  due  (*olor  i.s 

^tmvi^l  by  other  ^ubstauees,  as  snlphuretttnl  hydrogen  and  suljthnr- 

M^acid;  and   that   li^bt,  moisture,  heat,  and  wintl  exiTt  very  deeitle<l 

B'difying   inHneuees*     Tlius,  wind  lirings  more  air  into  contact,  sun- 

plit  hlmches  the  color,  moisture  basti*n«  the  bluing,  and  heat  dissi- 

Btf^  the  free  iodine. 

In  ordrr  to  ditferentiate  between  ozone  and    nitrous    aeid^    it    has' 

^Mi  [»n>[>osiMl   to  use  neutral    litmus  (violet)    pa|HT  insteafl  of   ordi- 

ry  filter-iKiiier  in  making    the    strips.     The    K<  )H   formetl   in  the 

M^tian  will   change  tlie  violet  to  blucj   while  nitrous  acid,  c^hhirine, 

oi^nie  np'uU  will  convert  it  to  red,    or    bleach    it,   or  leave  it 

Infipitc  of  tlie  fallaeies  mentioiKHl,  the  weight  of  evidence  thus  far 
WimhI  in  i>ii!:ouimetrv  show^s  that  the  reaction  with  starch  is  nn>st 
Jurkwl  in  pure  air  at  the  siiashon^  and  at  gn^at   heights,  afid  that  but 

tl»' n»nctiofi  occurs  iridonfH. 

Oetenxunation  of  Dust, — Dust  is  detiTmincd  <juaiititatively  in 
*o  w»ys»  and  the  result^s  arc  ex[>ressetl  in  terms  of  weight  or  of 
**niber,     In   order  to  ascertain   tlie  ff*rif/ftf  of  the  thist  contained   in 

Riven  volume  of  air,  a  chloride  nf  calcium  tulvc,  cf»ntaiiiiug  jier- 
'^'^ly  «!n'  absfirlwjnt    i'otton    *^r    ^da^s   wonh    is  wetglie<l    acciimti'lv, 

"»  then  attacli«»d  to  a  water  suction-pump  with  {ui  air-meter  iK'tween. 

largt*  amount  of  air»  say  500  liters,  is  then  di*awu  thnnigh  i\h 
B^^H^Hy  as  jxissiblc.  Wtien  a  sufhcieut  amount  has  passril,  the  tuln:*  is 
FtachtMl  and  phi<»<Hl  either  in  a  <lryiug-oveu  or  in  a  desiccator  over 
N|>harie  acid,  and  kept  until  it  ceases  to  loae  w^eight  (moisture).    The 
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net  iiicrmse  in  wt'ijyfhnepi^H'nt^  thv  {iiiimnit  nf  *liij?t  in  the  volume 
air  aspimk'il. 

Tf>  deteniiim^  tlie  luinilKM^  of  iliist  |Kirticle?«  in  a  ^iven  voliirae,  the 
hihIkmI  of  Aitkin  is  eiMi*loyiil.  The  api^nratus  inclmle.'^  a  shallow 
metallic  lin\  with  tj^la.^s  top  and  bottnni  etehed  hi  Sijiuires.  Into  this 
hox,  riintaining-  air  which  hns  Ix-en  fiTtnl  iron)  (hist  by  tiltmtiou  through 
f<»thni,  nnd  is  kejit  saturated  vvitli  moisture  liv  njeans  of  wet  Hltei- 
pi|M*i\  H  ^mall  uimsured  amount  u\'  \hv  air  ntider  exiiniinntion  is  iti- 
troflured.  By  L^iinsing  the  fonnatiia)  of  a  partial  vacniirn,  each  i:iar- 
tiele  of  ihist  lxHH>Tnes  eo4tte<l  witli  eondensed  njojstnre  and  hence  tend-s 
to  tall  upoti  tlie  etehed  sipian's  of  tile  liottian.  Tlie  nuinUT  de|H»^ik'<l 
is  counttHl  with  the  aid  ai'  a  magnifying  ^lass.  The  niniil>er  i»f  par- 
tides  varies,  iieeorflinjyr  to  Aitkin's  (ibservations,  from  8,000  to  10<l,0OO 
]ier  enbie  iut4i  in  the  eountry,  and  from  l/lOO^OOO  to  '>0,0fX)^OO0  in 
eiti(s* 

Bacteriolopcal  Examination. — Thi-  method  which  involve.*^  the 
least  trouble  and  requires  a  minimiini  of  apparatus,  and  which  fur  all 
praetind  purposes  gives  givatest  Kati,Hfaetion,  eonsists  in  ex{x>8ing 
gelatin  jilates  or  Petri  dishes  for  a  ileiinite  jK^ri^Kl,  and  then  eoverinfl^H 
them  and  lettinir  the  i'olunie>  develoju  After  the  jtrnper  hiterval,  tb^^^ 
nundier  of  ^rcjwth>  mny  be  mtuited,  ;uid  the  individual  species  ij?olated  ^ 
and  studied.  This  methc*d  ik^  very  useful  for  eomjwirativi'  work,  the 
re^ult.s  beinir  given  as  the  uurnber  of  ecdoiiies  whieh  develop  after  a 
given  ex|MKsure. 

Fi»r  more  accurate  rjuantitative  work^  Petri  ^  devised  a  pi*oces!5  of  sand 
tiltratiim.  A  irlitss  tube,  H  by  IJt  em.,  serves  to  carry  two  small  fdters^ 
which  are  ai^rtinged  in  the  fbUowing  nninncr :  Two  sriiall  tij^htly 
HttiniT  *l(a]ihra*i^nis  of  fine  wire  tfauze  are  inserted  into  the  tube  at  a 
|Kjiut  nuxlwav  lietwwn  the  ends.  Into  one  side,  a  ([uantity  of  fine 
ipiarti;  sand  is  packed,  and  upon  it,  to  ket^p  it  in  jjlace,  an*>ther  dia- 
phragm is  flriveu.  Almve  this,  the  spiee  is  filknl  with  a  t*ottoii  plug. 
The  tube  is  now  reversed  and  a  seeoutl  filter  of  sand  is  made  in  the 
same  way.  After  complete  steriliz:ition,  tlie  e<»tton  plug  in  one  end  gives 
way  lo  a  rublter  stiipper  with  a  single  perfbnitiou,  thriiugh  wlneli  pa-ses 
a  glass  tulje  e«inn(-M'tiMl  with  an  aspirating  pnmp.  Tlie  other  erotic *u 
plug  is  remove*]  and  the  proee88  of  sncticai  bc^un.  When  a  sufficient 
amount  has  Ini-n  dniwn  through,  the  two  tiltei's  ai*e  n-mov***!,  each  l>y 
itself,  und  niix*'d  with  the  nutrient  gelatin  from  which  plates  t\xv  next 
to  be  UKidc.  The  first  filter  should  cr^ntain  all  i>f  the  oi^nisms,  the 
senind  si.Tving  as  a  control. 

Fieker  suggestetl  an  iu)]»rovement  in  the  eoustruetion  of  the 
filters,  substituting  for  sand,  which  to  a  certain  extent,  masks  the 
ec»hanes,  powdered  glass,  which  has  not  this  disadvantage.  A  still 
U'tter  material  is  fine  sugar,  the  usi^  of  which  wa,s  suggested  first 
by  Sc^lgwick,  The  advantage  of  this  is  that  it  is  dissolved  in  the 
JicpietitHl  gehitin,  and  thus  disat*p(*ars  froiu  view,  and,  tberelin'e^ 
neither  masks  the  (*olonies  n^ir  can  bt^  mistaken  for  them  in  eountinj:^. 
*  Zeit'*c'hnfi  I'm  Hygiene,  HI.,  p,  1* 
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Sedgwick's  method  of  collecting  orgaiiii^ms  and  obtaining  cultures  is 
le  which,  on  the  whole,  is  preferable  to  any  other  that  has  been  sug- 
His  apparatus,  known  as  the  aerobioscope,  is  a  glass  tube  about 
inches  in  lec^h,  shaped  like  a  hydrometer  and  open  at  both  ends, 
narrow  portion,  which  is  rather  less  than  half  the  length  of 
tube,  has  an  internal  diameter  of  0.2  inch  ;  the  broader  portion  has 
internal  diameter  of  1.8  inches,  and  at  its  free  end  is  constricted  for 
inch  to  about  half  its  size.  Into  the  outer  end  of  the  narrow  por- 
a  diaphragm  consisting  of  a  roll  of  fine  wire  gauze  is  inserted  to 
as  a  plug  for  the  sugar  filter.  The  two  open  ends  are  stopped  with 
[^BOtton,  and  the  apparatus  is  then  sterilized.  The  plug  at  the  larger 
"  is  next  removed  and  the  sugar,  suflBcient  in  amount  to  fill  the  small 
^lri)eabove  its  contained  diaphragm,  is  introduced.  The  plug  is  replaced, 
•aod  then  the  whole  is  sterilized  at  120°  C.  for  several  hours.  In  use,  the 
4m)anitus  is  held  in  a  vertical  position  with  the  narrow  portion  down, 
"the  plugs  are  removed,  and  a  measured  volume  of  air  is  drawn  through 
Ijr  means  of  an  aspirating  apparatus  connected  by  a  rubber  tube  to  the 
lower  end.  When  the  desired  amount  of  air  has  been  aspirated,  the 
Jogar  with  the  bacteria  which  it  has  arrested  is  brought,  by  proper 
manipiilation,  into  the  broad  part,  into  which,  by  means  of  a  bent 
ionnel,  a  sufficient  amount  of  liquefied  nutrient  gelatin  is  introduced. 
The  plug  is  replaced,  and  the  tube  is  then  rolled  and  chilled  on  ice,  and 
«t  aside  for  the  development  of  colonies.  After  the  proper  interval, 
the  count  is  made  in  the  usual  manner. 

The  methods  above  given  have  generally  superseded  that  of  Hesse, 
who  was  a  pioneer  in  this  branch  of  investigjition.  His  apparatus  con- 
«8t8of  a  glass  tube,  28  inches  long  and  about  H  wide,  supi)orted  in  a 
korijontal  position  upon  a  wooden  tripod.  One  end  is  coveretl  with  two 
robber  caps,  the  inner  of  which  has  a  single  perforation ;  the  other  end 
i«  closed  with  a  rubl)er  stopper  with  an  outlet  tube  of  glass  jilugged  at 
«ch  end  with  cotton  and  connected  with  a  pair  of  aspirating  flasks  of 
a  liter  capacity.  The  tube  is  sterilized  and  charged  with  50  cc  of 
gelatin,  which  is  allowed  to  solidify  before  usi».  In  conducting  the 
I  operation,  the  outer  cap  is  removed,  thus  exjwsing  the  inner  perforated 
r  <»€|  and  a  current  of  air  is  drawn  slowly  through  by  the  action  of  the 
aspirating  flask,  which,  filled  with  water,  enii>ties  itself  into  the  other. 
By  reversing  the  flasks,  any  number  of  liters  of  air  may  be  drawn 
through.  In  its  passage,  the  air  deiK)sits  its  bacteria  on  the  gelatin. 
The  process  has  many  disadvantages,  and  can  make  no  great  claim  to 
accuracy. 


CHAPTER    III. 
THE   SOIL. 

Notwithstanding  the  constant  and  necessarily  intimate  rdatkm 
of  all  life  to  the  soil  upon  which  we  build  our  habitations,  fioa 
which  we  derive  in  such  great  j>art  our  supply  of  drinking-water, 
into  which  we  (sist  vast  quantities  of  organic  filth,  and  to  which  we 
consign  our  dead,  the  subject  of  the  sanitary  importance  of  the  dl 
has  not  until  within  comparatively  recent  years  received  the  attentiiio 
which  it  merits.  That  the  soil  exerts  important  influences  on  the 
public  hetilth,  was  recognized  long  before  the  time  of  Hippocrat€8, 
and  extensive  researches  on  the  subject  figure  among  the  earliest 
investigations  of  the  modem  hygienist,  but  by  far  the  greatest  part 
of  the  attention  jniid  to  the  study  of  the  soil  has  been  due  to  con- 
siderations of  public  wealth  rather  than  of  public  health.  With 
the  gnidual  development,  however,  of  a  more  accurate  knowledge 
of  the  causes  of  disease,  has  come  an  increasing  interest  in  the  rela- 
tions of  the  soil  to  those  causes,  and  what  has  hitherto  been  a 
rather  neglected  field  of  exploration  now  bids  fair  to  be  well  and 
thoroughly  tilled. 

That  portion  of  the  earth's  cnist  in  which  we  as  hygienists  are 
interested  includes  the  suix^rficial  layer,  known  as  tilth  or  arable  soil, 
which  is  the  result  of  the  disintegration  of  rocks  and  decay  of  animal 
and  vegetable  life,  and  the  subsoil,  which  lies  directly  beneath.  The 
former  varies  from  a  few  inches  to  several  feet  in  depth ;  the  latter 
extends  few  or  many  i'vct  downward  to  the  hardpan  or  other  imper- 
meable stratum. 

Soil  is  a  mixture  of  sand,  clay,  and  other  mineral  substances,  with 
humus,  or  org-anic  matter,  and  living  organisms;  and  it  is  classified 
according  as  one  or  another  of  its  constituents  predominates.  The 
usual  classification  of  soils  includes  sands,  clays,  loams,  marls,  humu?, 
and  jx?ats. 

Sffndif  soi/y  consist  almost  wholly,  or  at  least  more  than  four-fifths, 
of  pure  sand  of  any  kind. 

(Ifiifs  are  stiff  soils  consisting  chiefly  of  silicate  of  aluminum  and 
other  verv'  fin(*ly  dividcHl  niiner:il  matters.  Clay  exists  in  particles  of 
the  smallest  possible  size,  is  very  cohesive,  possesses  a  high  degree  of 
plasticity,  and  ])lays  a  very  im|)oitant  part  in  determining  the  fertility 
of  soils,  their  texture,  and  their  t^ipacity  for  holding  water.  Its  plas- 
ticity is  due  to  the  ])ivsence  of  a  small  ]>ro}x>rtion  of  hydrated  silicate, 
and  is  modifiinl  very  gn'atly  l>y  the  addition  of  less  than  a  hundredth 
part  of  caustir  lime.  It  is  exeeiHlingly  impermeable  to  water,  and 
when   wet  dries   with  great   sUiwness. 
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/>x/mx  arc^  raixtun*^  of  SiUid,  clay,  niKl  humus;  hence  their  proix^r- 
tie*i  partake  of  the  clmraet-erii^tics  of  these  substances  accoixlmg  to  the 
extent  to  which  each  is  jiiv.^'UL  When  wmd  [ireflonnuutes,  they  ure 
cle?iigniit<Hl  a^  tlt/hf ;  aii<l  wIjcu  chiy  juvvails,  lluy  n re  known  as  /»^*/ri/. 
Thc*se  leniis,  Ijowever,  Irave  no  n^lt^rence  to  weight,  but  to  tlie  ease  or 
difficulty  with  which  they  arc  worked  in  the  processes  of  ngrieulturc  ; 
and,  iDilcecl^  those  H>ils  wliich  niv  the  li^litest  in  this  st^nse  art*  the 
heaviest  in  iictual  weight.  Since  hwuns  consist  of  varying  jiroportions 
of  the  chief  cimstitueuts,  it  is  ol>vious  that  the  word  hKini  may  liave 
but  little  sigiiitica nee  without  some  qualifying  term,  and  they  arc,  there- 
fore, divide*  1  into  five  classes,  as  follows  : 

1.  Heavy  Aiiy  kwini,  cmittiining lO-^a  j^r  ctnL  of  mnd. 

2.  CUuv  Iniitn,  roiitiiiiiiri^ .  2-')— 10         **  " 

*i,   L^miii,  entilaitiiti^ 'lO-tiO         **  " 

4.  !Sf»ndy  Inciin,  nintaining •  W^7»>         "  ** 

5,  IJgki  wjiiitly  l*«oii,  tx^niiiijiiii^       ....  75-ljO         "  *' 

Mixtures  mntaining  less  than  in  or  more  than  90  per  cent,  of  sand  are 
classed,  res|Krtively,  as  clay  or  nuuL 

Mtti'h  are  mixtures  of  clay,  sjuid,  and  atnorphoiis  calcium  carbonate 
in  various  proportions,  and  contain,  otlen,  potash  or  phosphatci^  from 
the  fauna  anrl  Mora  *»f  the  s(^i.  From  their  content  of  <'arbonate  of 
cnh'ium  they  arc  known  often  an  lime  soils,  and  according  as  one  f>r 
another  constituent  prinLaninates*  they  are  designated  as  clay  nairl^  saud 
marl,  and  shell  marl.      All  contain  varying  amounts  of  hunms. 

Hnmiu(  is  a  temi  nsed  hi  dcstgnatc  the  entire  product  of  vegetal>le 
deeorajMisitifui  in  the  various  intcrnuHliatc  stages  of  the  pna'css.  It  is^ 
the  essential  element  oi'  vegetable  mould,  ami  is  necessarily  of  ujcst 
c3omp]ex  com  posit  if  ai^so  complex,  in<leeil,  that  it  ennn<Ft  definitely  In* 
detemdnetl.  It  is  I'lanjHise^l  of  a  great  nuinlier  of  closely  relat4^l 
fletinite  chemical  comjvouiais,  chief  among  which  arc  uhnin  and  uhnic- 
neid^  which  are  snp|M»siHl  t^*  charactcrijcc  bntwn  1mm us;  hnniin,  and 
humie  acid,  which  dominate  ilark,  i>r  bhtck  humus;  and  crenie  and 
apocrenic  acids.  Its  principal  ehanicteristic  is  it^  high  {>er(»entagc 
of  nitrogen,  especially  mark<'d  in  s<ime  of  onr  jinurie  soils  and  in  the 
**  black  st.»il  "  I'ound  in  the  provinces  of  the  l^ral  ^lountaius,  wliieh, 
atx^or^hng  to  Von  Ilensen/  contains  as  nnali  as  fnnn  o  to  12  jun*  cent, 
of  organic  matter.  Its  complete  de^iiy  ifi  most  rapid  in  %vann  well- 
ilrained  noils  ]KTniealjle  to  air,  and  in  such  soils  the  amount  of  himms 
|irc-st*nt  at  any  one  time  will  \w  relatively  small,  while  in  soils  which 
are  dantp,  not  well  ventilated,  aud,  tcir  months  at  a  time,  frozen,  its 
accumulation  is  favornl.  While  its  ultimate  pnMlnets  of  decay  are  of 
the  gi-eatest  im|xn'tance  to  vegetable  growtli,  it  does  not  folhvw  that  its 
complete  al>senc<*  rendeis  a  soil  n(N^cs.s'irily  sterile,  or  even  p<>or, 
[>rovidi^l  the  necessary  nitrogen  is  suf^plicd  in  the  form  id'  nitrates. 
But  its  presence  is  necessary  to  the  gitiwth  and  life  processes  of  the  soil 
Inictjeria^  without  whose  assistance  many  plants  W(»uld  fail  to  thrive, 

Peiiiy  murf:^  and  ftumuj^  «o//>t  * -on  tain  larger  amounts  of  humus,  but  differ 
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according  to  the  conditions  under  which  they  are  formed.    Peaii 
mack  result  from  the  incomplete  decay  of  v^etable  matter  UDderwitffJ 
the  former  term  applies  to  that  which  is  compact  and  fibrous ;  the! 
is  less  compact,  not  fibrous,  and,  when  dry,  easily  reduced  to  [ 
They  contain  but  a  small  amount  of  mineral  matter.     Humus  wih  i 
soils  which  contain  large  percentages  of  v^etable  mould  with  ordiMifl 
.soil  constituents. 

The  expression   rocky  soil  applies  to  any  kind  of  soil  oontain 
masses  of  rock. 

Gravelly  soUh  are  those  which  contain  notable  amounts  of  gravi^l 
which  consists  of  small  fragments  of  rock  more  or  less  worn  by  tk| 
action  of  water,  and  larger  and  coarser  than  sand. 

Alkaline  or  salt  soiU  are  soils  which  contain  considerable  amoooto] 
of  soluble  salts,  especially  carbonate  and  sulphate  of  sodium  and  sab 
of  calcium. 

Constituents  of  the  Soil. — ^The  chief  constituent  of  the  soil  is  siliei, 
which,  it  is  estimated,  forms  about  two-thirds  of  the  entire  earth's  ciwL 
Next  in  abundance  is  aluminum,  chiefly  in  the  form  of  clay  (silicate  of 
aluminum).  Lime  and  magnesia  are  large  constituents,  existing  duel^ 
as  carbonates  in  the  form  of  limestone.  Both  are  indispensable  to  tk 
growth  of  plants,  and  lime  exerts  a  marked  influence  on  the  phvacil 
condition  of  the  soil  and  upon  the  pn)cesst^  of  nitrification.  Althoo^ 
its  principal  combination  is  carbonate,  it  exists  also  largely  as  phos- 
phate and  sulphate. 

Iron  is  universjdly  present,  and  is  of  verj'  great  importance  to  vep- 
tat  ion,  although  but  a  small  amount  is  needed.  The  red  and  yellow 
colors  of  soils  arc^  due  to  the  presence  of  iron  comjxHmds.  Manganese 
stands  second  to  iron  in  abundance  among  the  heavy  metals,  but  is  of 
much  less  iiii])ortiince.  It  is  a  constituent  of  many  plants,  notably  of 
tcji.  Chlorine  is  not  a  large  constituent ;  it  occurs  chiefly  in  corabina- 
tion  with  sodium,  potassium,  and  magnesium.  Its  total  amount  in 
ordinary  unj)olluteil  soil  seldom  cxchxhIs  yt^^^j^^  part  of  the  whole.  Sul- 
])hur  occurs  as  sulpliides  and  sulphates,  the  latter  usually  in  combiw- 
tion  with  calcium.  It  is  ver}'  necessjirv  to  vegetid)le  gnA^th,  as  it  i^an 
essential  olcnient  of  vegetable  albumin.  Phosphorus  in  the  form  of 
l)hosphatos  of  lini(\  magnesia,  iron,  and  alumina,  is  another  essential 
<»lenuMit,  widely  distributed  in  small  amounts.  Sodium  and  jwtassium 
are  ]>resent,  chiefly  in  the  form  of  insoluble  silicates  and  partly  ^ 
chlorides.     Their  total   in  combination  seldom  exceeds  4  per  cent 

Nitrogen  exists  in  soils  in  threi*  distinct  forms  :  proteids,  amnionJ^ 
and  its  salts,  and  nitric  acid  and  nitrates.  In  average  soils,  the  total 
nitrogen  is  not  lai'ge  in  amount — considerably  less  than  1  per  cent— ^ 
but  in  some  excej)tionally  rich  humus  soils  4,  5,  and  even  G  jkt  cent 
are  found.  In  the  oi'giinic  (N)mbinations  (proteids)  it  is  not  available  at 
j)lant  focnl,  cons(H]uently  these  must  be  broken  up  into  simpler  formi 
in  onler  to  lx»  of  ilircH't  use.  In  tiieir  dei^omposition,  the  second  fonn 
ammonia,  is  pnHluctHl,  but  not  ail  the  annnonia  of  the  soil  is  from  thi 
source,  for  some  is  bixuight  into  it  from  the  air  by  rain.      And  in  tl 
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>ticl  form,  nhiK  it  appears  tn  Ix*  tiut  available  as  plant  food,  but  even, 

T'onJing  to  IS^iurhanlat  ancl  Clm^z,'  set-iiis  to  act  as  an  energetic  poison 
when  absorl)etl  In-  plant  iifwits  from  H>lutioiis  of  (M  to  OJU  f>er  cent. 
^stren^h,  8<i  it  Is  prol»able  tlmt  oomplet*^  oxidation  to  the  tliirxl  t'ovm 
i?^  necei?.sary  for  the  aljsorpfmn  of  any  form  of  nitrogen.  As  j^oon  as 
the  ammonia  is  oxidizetl  in  its  turn  tu  nitrie  aeicl,  this  latter  combines 
with  s^iiJium,  jMitassinni,  or  eakuuin,  and  the  resulting  nitrates  are  then 
ready  for  absorption. 

All  of  these  ehan|a^e>  from  the  complex  proteid  to  the  simple  nitrate 
carrieil  along  by  different  gn*u[»s  of  niicrfvorganisms,  Init  no  gi'eat 
aceumuLition  of  the  end  |)r<iductri  oeeurs,  iK-ratise,  while  vegetation  is 
flourii^hing,  tliey  are  reinove<l  as  fast  as  foriued,  and  when  it  has  ceased, 
ihey  are  washed  down  into  the  i*nbsoil  by  the  rain  and  melting  snow. 

The  amount  of  organic  matter  in  soils  varies  widely  acT-onling  to 
cireumstanees,  but  the  am«>imt  necessary  for  vegetation  is  quite  small, 
although  certain  enips^  as  totiacco  and  wlieat,  require  much  more  than 
others,  as  i>ats  and  rye.  The  soils  rieliest  in  organic  matter  are  the 
|>eats  and  mneks  ;  neJtt  come  the  very  rich  Inimus  soils,  which  may 
yield  more  th:in  a  fiturth  uf  their  weight.  From  10  to  lo  jkt  cent 
<ienote^  unusual  rieluiess,  and  about  *i  per  cent,  may  be  regarded  as  a 
fair  amount  f*jr  a  pr<Hlurtive  soil. 

Physical  Properties  of  Soils. — Pore-volume- — In  all  soils,  no  mat- 
ter how  clohcly  the  individual  particles  are  jmcked,  there  must  exist  a 
Ipreater  or  less  amount  of  interstitial  space,  which  nuvv  l>e  tilled  with 
"Water  or  air,  or  botli  together.  The  sum  total  of  these  interstitial 
^paoeB  is  known  as  the  pormitt/  or  pore-i^ohimef  and  is  expressed  in  per- 
centage of  the  volume  of  the  soil.  Its  amoimt  depends  not  upon  the 
size  of  the  soil  jiarticles,  but  ujwu  their  uuifr»rmity  or  lack  of  uniform- 
ity of  size,  and  upon  their  arrangement.     If  we  have,  for  instance,  a 

Fuj.  15.  Fio.  1*>. 


very  eoarse  soil,  eonsistiug  of  particles  of  uniform  size  as  large  as  peas^ 
ami  another  of  uniform  pirtieles  the  size  of  small  shot,  we  shall  find, 
Mn  determining  their  [Mirt^volnme,  that  it  is  poetically  the  same  in 
each  case,  and  is  probably  not  far  Iron*  a  thinl  of  tlie  whole.  I*aeketl 
in  the  most  solid  mauner  possible,  which  is  that  in  which  each  sphere 
rest^  on  three  beneath  it  (arranged  like  the  familiar  pyramid  of  mar- 
bles), helps  support  three  in  the  layer  above  it,  and  comes  in  contact 
with  others  at  six  et|uidistant  jMiiuts  along  its  equator,  as  in  Fig.  15, 
the  volume  of  intersliti^d  spa***'  will  e*|nal  25.0r>  p*T  cent,  of  the  whole. 
Packed  as  loosely  as  possiliK',  so  tluit  eacli  rests  upon  but  one,  sup- 
'  Beuische  riie*licinlst'iie  Wutht-nsclirift,  18S6. 
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ports  another,  and  comes  in  contact  with  but  four  of  its  neighbors  i^ 
the  same  layer  as  itself,  as  in  Fig.  l(j,  the  volume  of  the  int* 
will  be  47.64  per  cent.^     Thus  a  soil  composed  of  spherical  grwns  i 
uniform  size  would  have,  regardless  of  the  coarseness  of  the 
a  ix>re-volume  of  not  less  than  25.95  per  cent. 

That  the  size  of  the  individual  grains  makes  no  difference,  may  ( 
be  demonstrated  in  a  practical  manner.  If  we  take  two  cylii 
glass  vessels  of  the  siime  size,  till  them  to  the  same  height  ^nth  ^ 
and  then  add  to  the  one  a  measure  of  large  shot  and  to  the  otiiflr  i 
equal  measure  of  much  finer  shot,  and  secure  as  solid  packing  as  [ 
sible  by  gentle  tapping,  it  will  be  found  that  the  water  in  each  cyfii 
der  has  risen  to  practically  the  same  height ;  that  is,  that  the  ! 
volume  of  each  is  about  the  same.  There  will  be,  j)erhaps,  some  sliglil 
difference  one  way  or  the  other,  owing  to  the  impossibility  of  secaringj 
absolute  uniformity  of  packing,  and  to  the  error  due  to  the  inequality | 
of  the  spaces  along  the  circumference  of  the  cylinders.  But  in  nature ] 
we  do  not  deal  with  perfect  spheres  or  with  soils  made  up  of  particitt  j 
all  of  the  same  size,  but  with  soils  composed  of  angular  pieces  <f[ 
varying  size.  The  greater  the  variation  in  size  of  the  particles,  tkl 
greater  the  possibility  of  variation  from  the  limits  of  pore-volmne  i 
given  above.  With  varj'ing  size,  the  small  particles  may  fall  intoibS 
spaces  made  by  the  larger  ones,  and  the  spaces  between  the  newcomcn-^ 
may  be  trespassefl  upon  by  still  smaller  grains,  and  so  on  until  the-l 
interstitial  sj)ace  has  lKH?n  reduce<l  to  a  minimum. 

To  illustrate  this  diminution  in  a  practical  way,  fill  a  large  beakff 
with  marbles,  then  jwur  into  it,  from  a  graduate,  sufficient  water  to 
ilisplaee  all  t\f  the  air  in  the  interstices,  and  note  the  amoimt  of  ^tff 
required,  which  is  the  jK^re-volume  of  the  mass.  Next,  pour  out  the 
water  as  completely  as  possible  and  run  on  to  the  surface  of  tbe 
marbles  a  quantity  of  coarse  siuid  or  shot,  and  shake  the  vessel  gentlv 
in  all  dirci'tions  so  as  to  favor  their  descent  into  the  spaces  below. 
When  all  have  ptMietniteil  that  can,  jx)ur  in  water  again  until  it  ap- 
pears at  the  surface,  and  note  the  amount  required  ;  this  is  smaller 
than  Ix^fore,  on  account  of  diminished  air  spaces.  Now  pour  off  th^ 
water  a  second  time,  add  still  finer  shot,  and  repeat  the  operation  a* 
before.  So  long  as  new  matter  can  l>e  added,  so  long  will  the  por^ 
vt)lunie  show  a  diminution. 

Irregularity  of  size  and  siiajH^  of  the  {xirticles  may  also  have  an  iii" 
fluence  in  tiie  other  dinvtion,  and  cause  the  formation  of  large  spac^ 
and  increastxl  poiv-volunie. 

All  soils,  even  the  most  conn>act  rocks,  have  a  certain  amount  of 
jmn^volume,  ami  some  apjKirently  e<ini])act  masses,  such  as  sandstone, 
have  as  mueii  a>  W  ]ht  cent.  In  soils  which  are  cemented  into  homo- 
geneous masses,  the  ]H>rt^volume  sinks  to  a  minimum,  but  in  ordinar 
soils  it  amounts  to  about  40  \x'y  cent. 

Permeability  of  Soils. — The  {HTmeability  of  a  soil  to  air  depend 
not,  as  it  might  aj>iK^ar,  u]H>n  the  amount  of  its  pore-volume,  but  upo 
'  Soyka,  iVr  IUkKmi,  Leipzig,  1887. 
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the  size  of  the  individual  spaces.  In  fact,  a  soil  of  high  j)ore-volume 
may  be  almost  impermeable  to  air  in  comparison  with  one  of  less  pore- 
volume,  as  will  be  shown  ;  and  the  {)orc^voIume  is  of  itself  no  mciisure 
whatever  of  permeability,  which  diminishes  in  an  extraordinary  degree 
with  diminution  in  the  size  of  the  soil  pirticles.  The  greater  the  num- 
ber of  the  individual  spices,  the  greater  the  number  of  angles  and  the 
greater  the  friction  of  the  entering  air ;  and,  conversely,  the  less  the 
number,  and  consequently  the  larger  the  size  of  the  si)aces,  the  less  the 
number  of  angles  and  the  less  tlie  obstruction.  A  series  of  exjK^riments 
conducted  very  carefully  by  Renk  *  with  different  kinds  of  soil  in 
cylinders  of  equal  height,  through  w^hich  air  was  forced  under  the  same 
degree  of  pressure,  yielded  the  following  interesting  results  : 


Nature  of  soil. 


Fine  sand    .    .    . 
Medium  9and 
Coarse  sand     .    . 
Fine  gravel     .    . 
Medium  gravel  . 


Diameter  of  grains. 


Pore- 
volume 'i 


Less  than  J  mm.  55.5 

J  to  1  mm.  I       55.5 

1  to  2  mm.  37.9 

2  to  4  ram.  i       37.9 
4  to  7  mm.  I       37.9 


rressure 

in  mm.  of 

water. 


20 
20 
20 
20 
20 


Ratio. 


Amount  of 

air  in 
liters  per  , 
minute,     i 


0.00133  1 

0.112      I  84 

1.280  961 

6.910  5,195 

15.540  11,684 


Thus  it  is  seen  that  a  fine  sand  with  a  pore-volume  of  55.5  jx^r  cent. 
permitted  the  passage  of  but  1  volume  of  air,  while  a  gravel  of 
medium  coarseness  with  nuich  lower  porosity  permitted  the  passage  of 
1 1,684  times  as  much  in  the  same  unit  of  time.  Renk  showed,  farther, 
that  with  soils  of  the  finer  textures,  i)ermeability  to  air  is  directly  i)ro- 
portionate  to  pressure,  but  that  this  is  not  true  of  those  of  coarser  grain. 


Nature  of  soil. 


Fine  sand    .    . 
Medium  sand 


Size  of  grain. 


Height     ;       Units  Ratio  of 

of         i  of  volume  of  air 

column.        pressure.  passed. 


Coarse  sand 


Fine  gnravel 


Medium  gravel 


Less  than  J  mm.       0.50  m. 
J  to  1  mm.  :  0.50  m. 


1  to  2  ram. 


2  to  4  mm. 


4  to  7  mm. 


2.00  m. 
0.50  m. 
2.00  m. 
0.50  m. 
2.00  m. 
2.00  m. 


1 

].5 

1 

2 

3 

1 
2 

3.6 

1 

2 

3 
1 

o 
3 
1 
2 
4 
1 
2 
3 
1 
2 

3 


1 

1.5 

1 

2 

3 

1 

2 

3.6 

1 

1.91 

2.78 

1 

2 

2.9 

1 

1.67 

2.30 

1 

1.77 

2.42 

1 

1.65 

2.19 


'  Zeit8chrift  fiir  Biolofpe,  XV.,  ]).  205. 
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The  absence  of  any  oonnection  between  pore-volume  and  pen 
ity  has  been  shown  also  by  von  Welitschkowsky/  from  whose  i 
the  following  table  has  been  constructed  : 


Nature  of  soil. 


Fine  sand 
Medium  sand 
Coame  sand . 
Fine  gravel 


Pressure 
in  mm. 
of  water. 


Amount  of  air 

in  liters 
per  minute. 


50 
50 
50 
50 


0.0058 

0.8990 

7.399 

33.651' 


1 

1,271 
5^ 


Since  permeability  diminishes  with  finen^s  of  texture,  it  follows  diri 
clay  and  similar  soils  possess  this  property  in  the  smallest  degree, 
that  when  these  are  mixed  with  sandy  soils  they  must  necessarily  leseei 
it  to  a  very  marked  extent.     But  clays  and  loams  may  occur  in  v€!f 
open  crumbly  form,  that  is,  in  loose  fragments  of  varying  size, 
consisting  of  myriads  of  small  particles  held  together  by  the  aid  rfl 
moisture ;  and  such  soils  show  a  high  permeability^,  due  to  their  bum 
interstitial  spaces.  ■ 

The  d^ree  of  |)ermeability  to  air  is  influenced  very  greatly  by  tfcij 
amount  of  contained  moisture,  the  maximum  influence  being  exertsl^ 
by  decided  wetness.     This  is  due  to  the  fact  that  the  greater  Air 
iiiTiount  of  water  present  in  the  interstices,  the  greater  the  diminodoi ' 
in  the  sj)ace  available  for  the  passage   of  air   and    the   greater  dn 
obstruction    to   its   movement.     Thus    the  complete    occlusion  of  tbc 
interstices  by  water  is  equivalent  to  absolute  impermeability',  except 
when  the  pressure  of  air  is  sufficient  to  displace  the  water  and  move  it 
along. 

In  tlie  case  of  soils  that  are  only  partially  wet,  the  diminution  in 
permeability  varies  according  as  the  moisture  enters  from  above  by 
rain  or  from  below  by  capillary  attraction  from  the  water  in  the  sub- 
soil. This  is  owing  to  the  fact  that  when  the  soil  is  wetted  from 
above  by  rain,  the  sujwrficial  interstices  are  occluded  more  or  less 
completely,  and  the  air  in  those  below  is  restrained  in  its  movement) 
while  when  the  moisture  is  derived  by  capillarj'  attraction,  the  air » 
displaced  upward,  and  the  superficial  interstices  are  more  or  less  com- 
pletely open.  The  action  of  downward  and  upward  moistening  ha* 
been  invcstigate<l  by  Renk,^  whose  results,  in  part,  are  given  in  the 
following  table  : 

•  Beitrag  zur  Kenntnlsn  der  Permeiibilitiit  des  Bodens  fur  Luft :  Archiv  fur  Hygie*** 
II.,  p.  483. 

'^  The  height  of  the  cohimn  of  material  in  this  experiment  was  three-fourths  of  * 
meter,  instead  of  a  half,  as  in  the  case  of  the  thi-ee  others.  "With  an  equal  height  tl* 
result  would  have  been  much  larger. 

'  Loco  citato. 
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Nature  of  soil. 


Medium  gravel 
Fine  gravel 
Coarse  sand 
Medium  sand  . 

Fine  sand     .    . 


Pore- 
volume  ^. 


Moisture. 


absent 
from  above 
from  below 
absent 
from  above 
from  below 
absent 
from  above 
from  below 
absent 
from  above 
from  below 
absent 
from  above 
from  below 
absent 
from  above 
from  below 


Pressure. 


20 

20 

20 

40 

40 

40 

40 

40 

40 

150 

150 

150 

150 

150 

150 

150 

150 

150 


Ratio  of  air 
passed. 


15.54 

14.63 

13.70 

14.04 

13.16 

12.55 

2.33 

1.91 

1.71 

0.57 

0.11 

0.00 

0.04 

0.03 

0.00 

0.01 

0.00 

0.00 


Permeability  is  lessened  also  by  freezing  temjx^ratiires,  by  reason  of 
the  fact  that  the  contained  moisture  expands  about  one-eleventh  of  its 
volume  as  it  freezes,  and  so  occupies  that  much  more  space  in  the  inter- 
stices. Moreover,  when  frozen,  the  moisture  is  in  a  fixed  rather  than 
a  movable  condition,  and  causes  the  production  of  a  compact  mass 
more  or  less  resembling  stone.  The  finer  the  grain,  the  more  solid  the 
product,  and  the  greater  the  diminution  of  permeability.  Renk  ^  deter- 
mined the  diminution  in  the  permeability  of  soils  of  diiferent  grain  size 
<lue  to  freezing,  as  follows  : 


Nature  of  soil. 


Medium  gravel 
Fine  gravel  .  . 
Ojaruesand  .  . 
Medium  sand  . 


Source 
of  moisture. 


from  above 

"  below 

**  above 

"  below 

"  above 

"  below 

"  above 

"  below 

**  above 

"  below 


Permeability. 
Moist.      !     Frozen. 


14.63 
13.70 


13.87 
12.20 


Diminution. 


13.16     1 

12.54 

12.55     , 

10.18 

1.91     ' 

1.64 

1.71 

1.27 

0.11 

0.07 

0.00 

0.00 

0.23 

0.00 

0.00     ' 

0.00 

5.2% 
10.9 

5.4 
19.0 
14.1 
25.7 
36.4 

100. 


The  degree  of  penneability  of  soil  to  water,  like  that  of  i)ermeability^ 
to  air,  is  governed  by  the  texture  rather  than  by  pore-volume,  as  is 
shown  by  the  following  results  obtained  by  von  Welitschkowsky,^  who 
iletermined  the  nites  at  which  water  would  pass  through  columns  of 
soil  of  differing  fineness  packed  in  cylinders  of  equal  diameter.     Each 

*  Beitrag  znr  Kenntniw  der  Pemieabilitat  des  Bodens  fiir  Liift :  Archiv  fiir  Ilvgiene, 
II.,  p.  483. 

•  Experimentelle   I'ntersuchung  iiber  die   Permeabilitiit   des   Bodens   fiir   Wawer^ 
Archiv  fiir  Hygiene,  II.,  p.  499. 


278 


THE  SOIL. 


specimen  was  first  completely  saturated  and  then  kept  so  during  c 
experiment,  the  water  supplied  being  kept  at  constant  level. 


Height  of  eoluuiii  of  soil. 

Height  of  wat4rr  culumn  above  aoU  surface. 

Nature  of  soil  aiid  sixe  of  grain. 


Fine  sand,  less  than  J  mm 0.00024 

Medium  sand,  J  U)  1  mm 0.175 

( V>arse  sand,  1  to  2  mm 1.767 

Fine  gravel,  2  to  4  mm 8.570 

Medium  gravel,  4  to  7  mm 14.1H)9 


25  cm. 

SUCBL               9 

2«  cm.      ^      60  cm. 

20cm.          »ca  | 

Amount  of  water  diachmrged  in  litenpcraifc  1 

0.00059 
0.435 
4.014 
16.190 


0.00014 
•    0.123 

1.351 
,  7.465 
1 12.872 


o.wm] 

OiS7 
2.422 
11.705 


Comparing  tliese  res>ults  with  those  obtained  by  the  same  inve^ 
gator  in  his  exjKTiments  on  permeability  to  air,  it  will  be  noticed  tint 
the  total  j)ore-voIume  has  here  even  less  significance. 


Nature  of  soil. 


Height        Pressure. 


Fine  sand 50  cm. 

Medium  sand 50  cm. 

Coarse  sand 50  cm. 


50  cm. 
50  cm. 
50  cm. 


Pore- 
Tolume  <. 


41.87 
40.64 
37.38 


Ratio  of  permnbilUf. 


To  air.     i  To  wm. 


1 

155 

1,276 


1 

m 

8,650 


Capacity  for  Water,  and  Water-retaining  Capacity. 

If  to  a  volume  of  any  soil  packed  into  a  cylinder  of  glass  or  metal 
wo  add  wator  in  such  a  way  that  all  of  the  air  in  the  interstices  is  did- 
plaecil,  th(»  soil   is   tlien   siituratcnl  and  the  amount  of  the  containrf 
water  represents  tlie  total  "water  cjiixicity,"  which,  it  is  seen,  equab 
tlie  |x>r(^volunie.      The  **  water-ri'taiuing  cajxicity/'  is  quite  another 
thing,   and  de]K'nds  Ujxui  the  structure  and  com|x>sition  of  the  soil, 
and,  in  a  minor  dcjrnn',  uj>on  other  considerations.     If  for  the  impe^ 
vious  bottom  W(^  suh>titute  one  of  wire  gauze  or  coarse  cloth,  the  con- 
taininl  water  will  Ix^gin  to  drain  away,  owing  to  the  force  of  gravity^ 
and  the  flow  will  hy  dcgnH.*s  Ix^^ome  less  and  less,  and   finally  ccas^- 
Then   tlie  intersticiv,  whicli   originally  wen»  tilled   with  air  alone  aO^ 
next  witli  water,  an*  filUnl  in  jxirt  with  the  one  and  in  j>art  with  tb 
other. 

By  eomi>aring  the  original  weight  of  the  volume  of  soil  with  i* 
weight  in  its  now  wet  condition,  its  j>ower  to  retain  water  is  easily  d* 
termineil.  This  {K»wer  is  the  result  of  two  forces  acting  in  oppositicF 
to  the  force  of  gravity  ;  namely,  surface  attraction  of  solids  for  liquids 
and  capillary  attraction.  The  water  which  is  simply  adherent  to  th 
surfiiees  of  the  soil  grains  is  known  as  hygros(H>pic  water,  while  th^ 
which  is  held  in  the  c;ipillarA-  s|iiuvs  is  csdleil  capillary  water ;  and  it  i 
the  latter  whi(»h,  in  any  hut  the  (N>iirsest  soils,  constitutes  by  far  tb* 
larger  j>art  of  the  n^taiiUHl  moisture. 

Not  all  of  the  interstitvs  of  a  soil  fonn  capillar}'  spaces,  but  onlj 
those  of   which  the  iKnindar}-  walls  are  separated  only  by  interN-ali 
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wfadi  oome  within  the  limits  of  capillary  magnitude.  Thus,  a  coarse 
3  may  contain  comimratively  few  such  spaces,  while  one  of  a  fine 
ctiire  may  have  its  particles  so  closely  approximated  that  all  of  its 
lerstitial  spaces  are  capillary.  It  follows,  therefore,  that  compact 
ils  possess  greater  retaining  power  than  those  with  large  inter- 
ioes  which  permit  rapid  percolation,  and  that  when  the  texture  is  so 
le  that  all  the  sjxices  are  capillarj',  the  maximum  retaining  power  is 
fained. 

The  influence  of  soil  texture  on  capacity  for  holding  water  may  be 
ten  in  the  following  table  of  some  of  the  results  obtained  by  Hof- 
laan  :^ 


PlMneter  of  grain 
in  mm. 

Pore-volume  per 
1,000  cc. 

Amount  of  coD- 
talnod  water  in  cc. 

Amount  of  con- 
tained air  in  cc. 

Per  cent,  of  pore- 
volume  filled  with 
water. 

5 
3 
2 
1 

0.5 
Wb  than  0.5 

434 
418 
410 
400 
413 
413 

55 

77 

98 

150 

270 

347 

379 
341 
312 
250 
143 
66 

12.7 
18.4 
23.9 
37.5 
65.4 
84.0 

The  water-retaining  capacity  of  soils  is  determined  very  largely  also 
by  the  amounts  of  organic  matter  present ;  a  soil  rich  in  organic  matter 
will,  other  conditions  being  the  same,  show  more  water  than  another 
of  less  richness.  The  extreme  influence  is  observed  in  the  ease  of 
Immus,  which  can  hold  ten  times  its  weight  of  water.  In  view  of  this 
infltieQce  of  organic  matter,  it  is  verv  dear  that  one  way  to  help  keep 
1  soil  dry  is  to  avoid  discharging  filth  into  it,  and  thus  keep  it  clean. 

For  the  purpose  of  illustrating  the  influence  of  very  fine  soil  par- 
tides  (clay)  and  of  organic  matter  (humus),  the  following  results  of  an 
iBvestigation  by  Wolffs  may  be  quoted.  He  packed  soils  of  varying 
day  and  humus  content  into  a  metallic  vessel  with  a  permeable  bottom, 
Mturated  them  completely  with  water,  then  suix'rimposed  a  column  of 
^ter  of  equal  cross-section  and  8  cm.  high,  and  obser\'ed  the  time 
fwjuired  for  the  added  water  to  be  delivered  Ix'low  : 


Nature  of  soil. 


J,«7  fine  sandy  loam  .  . 
*  •rr  fine  Muidy  loam  .  . 
««4,  rich,  chalky  loam  . 
•^♦T  fine  sandy  loam      .    . 

>  tty  clayey  soil 

^"  with  considerable  clay 


Percentage  of  clay. 
Per  cent.  Ratio. 


15.74 
15.96 
18.17 
25.93 
42.56 
29.76 


1. 

1-4- 
1.15 
1.64 
2.70 
1.89 


[Percentage 

Time 

required. 

of 

■ — - —     ■  ■ 

— 

liuniUH. 

Hours. 

Ratio. 

0.88 

20.3 

i       1. 

1.40 

25.8 

1.27 

6.87 

31.0 

1.52 

0.92 

75.8 

3.73 

0.66 

133.0 

6.55 

2.19 

188.0 

9.26 

It  will  be  observed  that  the  soil  which  ix»rmitted  the  {passage  of  the 
^^  in  the  shortest  time  wa.s  poorest  in  clay  and  almost  so  in  humus, 

'  AithiT  fur  Hygiene,  L,  p.  273. 

'Aniekung  sur  «Iiemischeii  UntersiichiinK  landwirthflchaftlich  wichtiger  Stoffe,  1875. 
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and  that  the  one  which  required  the  longest  time  combiDed  a  ooosi^ 
erable  amount  of  clay,  not  the  highest,  with  a  high  percentage  of  homii^' 
also  not  the  highest.  The  highest  percentage  of  clay  was  assodttei' 
with  the  lowest  amount  of  humus,  and  the  highest  of  humus  with  a  kw 
content  of  clay ;  but  these  two  soils  (Nos.  5  and  3)  were  both  \m 
impermeable  than  that  (No.  6)  which  contained  less  clay  than  thecie 
and  less  humus  than  the  other.  It  is  to  be  noted,  however,  in  the  < 
of  the  soil  with  the  highest  proi)ortion  of  clay  and  lowest  of  humo^ 
that  it  contained  12.8  per  cent,  of  chalk  as  against  2.28  per  cent  b 
the  most  impermeable,  and  that  this  substance,  as  has  been  menticwcd, 
has  a  very  great  influence  in  diminishing  the  degree  of  plasticity  of 
clays. 

Soil  Temperature. 

The  sources  of  heat  in  the  soil  are  three  in  number ;  namely,  Ae 
sun's  rays,  chemicid  changes,  and  the  original  heat  of  the  earth's  inte- 
rior. The  princijml  source  is  the  sun.  The  heat  derived  from  chemicJ 
changes  is  not  great,  and,  indeed,  is  not  even  worthy  of  consideration, 
except  in  soils  very  rich  in  organic  matter ;  and  here  the  change 
occur  only  in  the  presence  of  comparatively  high  temperature  doe 
to  the  action  of  the  sun.  The  third  source  is  constant  and  of  much 
importance. 

The  soil  temperature  is  influence^l  by  a  number  of  conditions, 
including  exposure,  atmospheric  temperature,  color,  compactness,  com- 
position, and  moisture.  Naturally,  the  surfaces  exposed  to  the  greatest 
amount  of  sunshine  get  more  heat  than  others.  The  nearer  the  angle 
of  incidence  of  tlie  sun's  rays  appnxiches  a  right  angle,  that  k,  the 
more  jXTjKMulicularly  the  rays  strike,  the  greater  the  amount  of  heat 
revived. 

The   rapidity  with  which   soils  are  affected   in   either  direction  by 
change?*  in  atni()S])lieric  teni[)eniture  varies  widely,  but  with  any  soil  it 
is  only  in  tlie  very  u]>])erni()st  layers,  the  very  surface  in  fact,  that  any 
imnuHUate  corresjxjnding  rise  or  fall  is  obser\'ed.    Great  sudden  changed 
affiH't  the  soil  below  the  surfaw  ver}'  slowly,  and  in  the  dee|>er  layer? 
the  niaxiniuni  and  fnininium  temjK^ratures  occur  much  later  than  in  the 
atmosphere  ahove.     The  annual  variation  diminishes  as  the  distance 
fn)in   the  surface   increases  ;  at  HtVeen  feet  the  amplitude  is,  as  a  rule, 
less  than  10  degrtH*s  F.,  and  In^twcHMi  fifty  and  eighty  t^^i  the  tempera- 
ture is  constant  the  year  round. 

The  color  of  a  soil  exerts  an  ini]>oitant  influence  in  the  determination 
of  its  tiMuperature.  As  is  well  known,  a  black  surface  exposed  ti) 
the  sun  absorbs  the  heat  rays  more  than  a  white  one.  A  common 
illustration  of  this  fact  is  tlie  irreatcr  rapidity  with  which  snow  melt 
when  its  surface  is  dottcil  over  with  dirt  and  soot  than  when  it  i 
clean  and  white,  owing  to  the  absorption  of  heat  by  the  dark  jiartiele 
and  its  etunniunication  by  ('ou<luciion  to  the  snow  beneath  and  about 
In  tile  s;inie  way,  soot  and  ciu<lcrs  work  their  way  downward  into  th 
ice    on    a    jK>nd.      Another    illustration    is    the    greater    feeling    o 


ith  eonterrtil  by  black  elt»t!u'^  ilmu  by  wiiite  in  the  bri^bt  suu- 

So,  other  fH*iMlihnos  beiii^  the  sunie,  a  diirk  suil  is  warnuT  thuu  ii 
light  onc\  which  ri'tlLvts  ihe  hw4t  ray.s  iji>'teiid  of  alisorl)iiig  them, 
Obeen^ution  has  shown  a  ditferenw  *»f  more  thim  25  th'^rt-es  F.  in  the 
U*m|ieniture  of  Idark  and  whit**  nanils  ox  postal  side  by  sidt^  to  the 
direvt  ravs  of  the  sun,  but  the  white  smd  bv  n^as*»n  of  reHeetintf  tlie 
htjat  mys  will  a|)p^ar  to  l>e  niueh  Ijntter  than  it  really  is. 

The  intliienee  of  ci in j pact i jess  on  soil  teni|K'rature  varies  with  the 
»eafi*>ii,  Aec<*i'<iing  to  Kin^/  the  general  tentleiiey  of  rollin|r  the  land 
is?  ti»  niiike  it  wanner  during  brijj^ht,  sunny  wratlier,  but  in  elondy  or 
e«»hl  Wfrjither  it  tends  t<»  promote  eoolJij^.  lie  iius  observecl  that,  at 
the  dejitl)  fpf  l.o  inches  below  the  siirfiiee,  a  rfilltHl  field  may  have  a 
tem|H»ratyre  10  dt*gi"ees  F.  hi«:her  than  a  sirnilar  soil  not  rolled,  and  at 
«lonbIe  the  distance  he  has  notetl  a  ditf'eivnee  of  liji  (leirrees.  Tliis  is 
line  <*hierty  to  the  fiiet  that  n  eonijtaet  soil  is  a  In'tter  eoiuhiett^r  rtf  heat 
than  one  containing  large  interstices  tilled  with  air* 

The  character  of  the  niiuend  and  organic  constiUients  of  the  soil  and 
the  nnKiunt  of  it>  cimtent  of  water  exert  the  very  greatest  influence 
U|Min  its  teni[»enitnre.  K<K'ks,  sandr*,  and  ininenil  substances  in  gen- 
eral are  better  heat  eonduetors  than  water,  organic  matter,  and  air,  and 
the>'  differ  also  **nc  from  un(*ther  in  ei*nduetivity.  Organic  matter  is 
ji  juirticularly  poor  <'ontlnetor  of  heat,  and  henee  the  gnMtor  the  amount 
of  humus  a  st»il  <'ontaios,  the  slower  iL*s  res|>onse  tu  the  action  of 
the  ^un* 

The  great  inHneuce  of  moisture  on  soil  tcmjieratun*  is  due  to  the 
high  ?*j»e**itic  heat  of  water,  and  to  the  loss  of  ht^iit  whJeh  accomjuinies 
the  priKt^ss  i>f  evaijoratiim.  The  s|KH'ifie  liwit  of  onbnary  *lry  soils 
variesi  fnun  a  fifth  to  a  tburth  of  that  <if  water,  although  fn  exceptional 
cjises  it  may  amount  to  mrarly  a  half;  and  the  wetter  the*  seal  is,  the 
lugher  will  lie  the  specific  heiit  of  the  mass,  that  is,  the  grt^ater  the 
nnndier  of  heat  units  neccssar\'  in  warm  a  given  weight  1  di'gree. 
Thus  it  liappens  that  a  light-i'olored  dry  stnl  may,  in  spite  of  the  grciit 
intluenee  of  color,  attain  a  umch  greater  degnH-  ot' warmth  th:in  a  dark 
one  which  is  dam|i.  The  diifcivnt  soil  eimstitucnts  have  tlilfereut 
>jtecafie  heats,  i-anging  from  about  0.16  for  oertaiti  sjmds  and  c*lays,  to 
about  0,-14  fitr  ilry  hutiuis,  iliat  of  water  being  unity.  Thus,  t**  raise 
the  tem()eratun»  c>f  KHI  juuinds  r>f  water  1  degre*'  will  rc<juire  h)0 
units  of  hc^it,  while  t<*  [K-rfrn'm  tjie  siune  oifice  ibr  «*<jual  weights  of  drv 
sand,  we4itherwl  porphyry,  wc^ithen/d  granite,  an*l  humus,  will  re<pnri" 
respectively  l<b  20,  tlQ,  and  44  units*  Thercfon%  the  same  aini>urit  of 
heat  ne«:»ssar\*  to  raise  a  given  weight  t*i'  water  1  degree  will  mise  the 
ecpjivalent  weights  of  theM*  substanees  re.>|wctivcly  GJ>7,  o,0<),  :3,3m, 
and  2, 2 7  df^grts's. 

But  although  the  liigli  s|>«_'cifie  heat  of  water  is  of  im|x>rtanee  in 
»Ietermining  soil  tem|M/ratnrcs,  the  chief  influence  of  moisture  iu  this 
direction  m  due  to  the  grmt  lc»ss  of  heat  which  accompanies  the  prcK?ess 
»  Tbe  Soil,  Sew  York,  iHUy, 
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iA'  t*vap(»nitirni,  fur  die  eban|ife  fVfHii  tlio  liqiiul  to  tlie  ga-so«JU^  form  i 
iH'«x>in|jli>lHHl  uiily  iit  tlie  fX|KiJso  oriieat.     The  gre;it4.*r  the  atuf»uuu 
water  ev:j]Mirjtc*]   i'rmn  a  ^iveti  s(*il,  tberefori',  the  g^resittr  tin*  f^xjunwBl 
tmv   of"  liiiit    ami   the  greater   tlie  hiweriiig  of  the   i^oil  tenijierimw 
<  "iUiver^'ly,  the  <h"ic*r  the  soil,  the  Ichs  the  evaporation,  and  i\w  gmiU 
\t^  warmth.      Water  ihx^s  uot,  however,  always  tend  to  prrwluee  lowc 
ing  o("  the   tenip-nitiire,  tor^  in   point  of  fact,  it   may  and  oftt'U  ilu 
have  tlie  oppusite  ellet-t.      In  the  sjirintr,  for  instance,  when  tin-  (M 
i>   not  yet  out  of  tlie  j^nnuid  and  when   the  intenitice-«  art*  rtlW  wii 
<:«ild  water  derive*!  from  the   melting  ice  and  snow,  the  M*aniicr  rati 
hiistens  the  iTnH»val  of  frost,  and,  i\h  it  ^ink>  into   the  soih  diVpla^ 
ilownwai\l  tlie  colder  vvat4?r  and  eonserpiently  raises   the  tenifKniUin 


Changes  in  the  Character  of  Soils  Bue  to  Chemical  and 

Biological  Agencies. 

Chemical  action  is  enn^taiitly  at  work  in  t!ie  soil,  not  alone  od  th 
or^nic  eonstitocnts,  hnt  njioii  the  niincral  matters  as  welL 
<-hanges  which  oct^ur  in  the  latter  arc  of  impoitance  to  the  hygieiiil 
almost  s(4cly  hi  .so  far  as  they  ail'ect  the  quality  of  the  drinkinj^-wam 
( 'oTn]>lic*jde*l  prinx'sses  invulvin^  the  dec<mip<tsitif>n  oi'  or^nic  muttei 
"five  rise  tn  <|U:uititie>  of  caH)on  *lioxide  whicli,  licin^^  taken  lute  k>W 
tion  by  the  wat<^r  in  the  interstices,  asnists  in  the  priwluetion  of  ^ti 
more  einnplieatid  ivnKTss*^s  which  cn^i^*  the  nitneral  c^mstituetits, 

The  44ian^'s  which^  from  a  pnhlie  hcaltli  pfiint  of  view,  are  *»f  ^ 
grwitesit  interest  arc  tliose  which  are  in  pronrrcss  in  the  prmx^ss  kn^ii 
tt.s  the  **  seli-[niritii'ation  **  u\'  soils,  in  wlutOi  the  t*onjptex  <»rgaaic  nil 
ters  are  broken  np  and  reihieed  to  simple  eheniical  substances  thnn 
the  interventinn  of  Imcterial  lift\      In  the  end,  tlu'  iiirbon   is  oxidiJii 
to  dh,  and  the  nitnitfcn  either  is  set  free,  or  is  combinrd  with  hy(1r'>- 
gen  in  the  ft^rm  of  innmoni:j,  m*  is  oxidize<l  t<i  nitric  acid  and  nitmic 

The  process  reijuircs  the  pn^sent^e  ni*  atmuspherie  air  and  of  iiioi 
tire  not  in  excess,  and  is  fav(*red  l*y  temjxn-jttures  l>etwet*D  53°  and  1{ 
F.»  the  nitjst   favonible  Ixjin^r  ^>8°.      It  proceeds  most  vipin^nsiy  ; 
|M'rfectly  nem*est   the  snrfac( %  and  virtnally  ceases  at   a  ilepth  of  amff 
thini  three  tii't^  little  or  no  iiction  occurring  in  the  snhs(»il  l>cvcnHi         ' 
-depth.      If  too  much  orgimie  filth  and  it.s  attendant  moisture  are  pn 
<ent,  the  soil  lieccmies  lM:>gg\'  and  the  changes  cannot  proceed. 

An  inflncnw  ai'  very  great  imjvortance  in  its  cft'ccts  «in  the  plivMa 
and  (*hcniical  elia ra cteristies  of  soils  is  that  exertwl  by  earth  wuriivj^ 
%\hii'h  live  chicily  on  half-decaycil  leaves,  which  they  draj^  into  til 
Irnrrows  to  lie  nstnl  as  foml  and  as  linings  and  phigs  for  the  bunxiw*' 
well.  According  to  fluirles  Darwin  J  their  listings  c?ontain  0,01  >^  [ler 
fvnt,  of  nnmmniij,  ihkI  the  hiimns  acids,  which  have  lM*cn  proved  to 
play  a  very  inijiortant  ])art  in  the  tlisintegnition  of  varitais  kinds  of 
nicks,  op|>ear  to  l»e  generatol  within  their  b^xlies.  They  swallon 
4-artb  toth  in  the  ^ircM^ess  of  exca muting  thetr  burrows  anc 
*  Tlie  FanmitjQQ  «f  Vegoitible  MuuLl  tlimygh  ihe  Aetiou  of  Wtnn 
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pfOtriment  which  it  may  contain,  and  exert  an  important  mochanicral 
pelion  on  the  boiI  grains,  reducing  their  size  by  attrition  within  their 
jlpBftfds.  After  filling  themselves  with  earth,  they  soon  come  to  the 
^gDrfiioe  for  the  purpose  of  emptying  themselves. 

•■  "In  many  parts  of  England  a  w^eight  of  more  than  10  tons  of  dry 
i^Uth  annually  jiasses  through  the  bodies  of  worms,  and  is  brought  to 
^tbe  surface  on  each  acre  of  land,  so  that  the  whole  superficial  bed  of 
-vegetable  mould  passes  through  their  bodies  in  the  course  of  every  few 
rjfare."  From  various  data,  Darwin  calculated  that  the  castings, 
tpread  out  uniformly,  would  form,  in  the  course  of  ten  years,  a  layer 
nrying  from  0.8»3,  in  the  case  of  a  very  poor  soil,  to  2.2  inches  in 
ocdinarily  rich  soils.  Their  mechanical  action  and  that  of  ants,  moles, 
tnd  other  burrowing  animals  have  much  to  do  wdth  keeping  soils  open 
r    and  friable. 

Soil-air. 

I        The  air  in  the  interstices  of  the  soil  differs  from  that  of  the  atmos- 

:  phere  mainly  in  its  richness  in  carbon  dioxide,  which  arises  from  the 
deoomposition  of  organic  matters.  It  is  also  poorer  in  oxygen,  but  by 
no  means  always  in  a  corresponding  degree,  and  it  is  usually  quite 
liamid  by  reason  of  the  presence  of  soil  moisture. 

The  amount  of  carbon  dioxide  varies  very  widely  in  different  soils 
*nd  at  different  depths  of  the  same  soil,  and  it  fluctuates  very  consider- 
ably also  under  differing  conditions  at  any  given  point  in  the  siime  soil. 
Other  conditions  being  the  same,  the  amount  is  most  marked  in  soils 
rich  in  organic   matter  undergoing  decomposition-changes.     In  soils 

f  poor  in  this  respect,  the  amount  may  be  no  greater  than  in  the  atmos- 
phere.    Pettenkofer,  for  instance,  found   in   the  air   of  desert   sand, 

I     yhich  was  devoid  of  organic  matter,  the  same  amount  as  was  present 

!     ^  the  air  imme<liately  above  it. 

I        In  ordinary  soils,  the  amount  increases  with  tlie  distance  from  the 

f  «irface,  as  has  l)een  shown  by  Fodor,^who  made  a  great  number  of 
analyses  of  air  at  different  depths  at  a  number  of  places,  the  observa- 
tions extending  over  several  years.  The  average  amounts  found  at 
wpths  of  1,  2,  3,  and  4  meters,  expressed  in  parts  j>er  1,000,  were 
*8  follows : 


^  _ 

Depth  in  meters. 

1 

Station  1 

48 

Sution2 

13  7 

Stations 

18.1 

6.0      I       ...  28.7 

14.3  20.1 

28.4  ...      !       36.5 


Ihe  influence  of  season  also  was  shown  by  him  to  be  very  considerable, 
™  highest  amounts  occurring  during  the  hot  months,  and  the  lowest 
10  winter.  The  averages  by  months  are  presented  in  the  following 
table: 

'  Boden  und  Waaser,  Braunschweig,  1882. 
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MotiUi. 

tivpcb  in  tii0(en. 

I 

2 

4 

Januftrv   .    , 

6.5 

12.6 

25.0 

Ft^bniurv      -    . 

6.8 

rv2 

24.8 

MVLVVU    . 

7,0 

11.8 

24.7 

April 

iM* 

14.9 

2.31 

Mav 

ILo 

Ki.l 

27/.: 

June 

J  4.0 

2L5 

20.2 

Juh'  .... 

15,8 

22,8 

35.«^ 

August .    , 

12.8 

20.7 

32.5 

September 

10.9 

19.3 

31.4 

October     , 

m 

15.0 

29.4 

Novemlier    .    ,    . 

.    . 

8.4 

13.8 

26.^ 

Decern l>er     .    .    . 

8.1 

12,6 

25.8 

Fig.  17. 


Thc'^^e  results  are  «mly  siu4i  ils  nii^^it  !)o  e\'i>ei't€Hl  wlieu  we  nm^iiler 
th.it  dreonijMisitiun  ot"  ur^aiiic  luirtters  jiruetxnl.s  most  vigc»rfnisly  within 
eertiihi  limits  id*  hij^h  lenijienitmi^ 

Fluctuutii*n>H  ia  tlie  amount  presrut  at  any  ^iven  jMiiut  are  due  to  a 
nuiuher  of  ctaiditiuus  which  ineliide  nuiifall,  the  aetion  nf  the  wind, 
tlie  rise  and  tall  nf  tin*  snliHnil-watt'i',  and  ditferenees  in  atniosjiberic 
pmss urr  and  temjirrature. 

Kaiufidl^  Iiy  lilling  tlir  su]K'rfieial  interstiees  of  the  soil  with  wate% 
iuter'feri's  with  tlu'  natund  pmeess  of  soil  veutihuion  and  causes  an 
[nnne<liati'  afennudation  of  c^rlxm  dioxide,  which, 
hnvvever,  is  shmtly  followed  hy  u  diminution  diir> 
to  ahsnrption  of  tl»e  gas  by  the  water,  w  hieh 
thu.s  acquires  an  inerea.se  in  its  jx>wer  of  attack ing^ 
and  dissolving  tin*  niincml  ccuistitnents  of  the  soil. 
ln:*siinich  as  the  hulk  of  the  ahsnrUeil  niinfiiU  ij* 
held  hy  the  uji|rt  strata  of  the  f^ral,  its  inHueuec  i» 
ninre  marked  there  than  at  greater  depths.  As  it 
sinks  downward,  however,  in  very  wet  weather,  it 
drives  the  air  Ix'fore  it,  and  «mses  its  ese{i|je  at 
pfiints  where  its  egress  is  not  obstrncted, 

IMie  aetion  of  win<l  is  exerted  in  two  ways:  by 
jiertlalion  and  by  aspiration.  By  bh>wing  strongly 
across  the  surface  of  the  wil,  it  aspinites  the  air  in 
the  iipjxT  layers  ami  c^iuscs  an  np\\ard  movement 
in  the  air  behnv,  or  it  may  snek  it  nut  at  one  mo- 
nu^nt  and  take  its  |>laee  the  next*  Again,  it  may 
bluw  with  sueh  force  against  the  snriaee  as  to  drive 
the  c*c*ntained  air  downward  before  it,  so  that  the 
intei>it ices  bt^eome  tilltHl  with  onlinar^'  atmospheric 
air,  Th(^  act  inn  is  nmre  markt^I  in  soils  of  ordi- 
nary ciiarseness  of  textitre  than  in  ven^  oi>en  N>ils 
with  h*rge  interstiees,  which  permit  fre^T  movement 
in  the  up|K'r  strata*  Tliis  may  readily  lie  dinion^tnited  by  nn'ans  of  a 
simple  ex|M'riment  with  the  app;*nitn*  shnwn  in  l^ig.  17.  Here  we  have* 
a  ghi-S"^  cylinder,  inside  wliieh  is  a  glass  tul>e  extemling  from  the  btittoni 
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bent  over  at  the  top  so  as  to  form  a  U,  into  which  an  amount  of 
-wmter  sufficient  to  form  a  seal  may  be  introduced.     If  now  we  fill  the 
motervening  space  up  to  the  top  with  sand,  and  then  direct  against  the 
muibce  of  the  latter  a  current  of  air  by  means  of  a  bellows  or  by  blow- 
ing sharply  thmugh  a  tube  of  glass  or  other  material,  the  whole  volume 
-of  air  in  the  interstices  is  set  in  motion,  which  is  communicated  to  the 
^r  within  the  enclosed  tube,  so  that  the  water  in  the  U-shaped  depres- 
4Uon  is  caused  to  oscillate.     If  the  water  completely  fills  the  short  leg 
of  the  U,  it  may  be  forced  over  and  caused  to  drip.     If,  however, 
instead  of  employing  sand,  we  fill  the  cylinder  with    coarse  gravel, 
the  oscillation  of  the  water  will  be  either  less  noticeable  or  entirely 
mbsent,  the  air  which  enters  at  one  point  on   the  surface  communi- 
<Mimg  its  motion  only  to  that  immediately  adjacent  in  the  upi)er  |>art. 
The  rise  and  fall  of  the  water  in  the  subsoil  assist  in  the  production 
of  variations  in  the  amount  of  carbon  dioxide ;  on  the  one  hand,  by 
its  rise,  forcing  the  rich  soil  air  upward  and  outward,  and,  on  the 
■other  hand,  by  its  fall,  drawing  the  soil-air  downward  and  causing 
itB  place  in  the  upper  strata  to  be   filled  with  atmospheric  air  with 
low  oontent  of  the  gas. 

Differences  in  temperature  and  barometric  pressure  have  also  been 
mentioned  as  exerting  influence  on  the  motion  of  the  ground  air.  In 
spring  and  summer,  the  ground  air  is  colder  and  denser ;  and  in 
autumn  and  winter,  it  is  warmer  and  lighter  than  the  air  above.  Hence 
in  the  former,  it  tends  to  remain  stationary  or  to  sink ;  while  in  the 
ttter,  it  rises  and  mingles  with  the  atmosphere,  which,  under  proper 
<?onditions,  replaces  it.  Again,  these  changes  may  occur  in  both 
<Iirection8  within  the  same  space  in  twenty-four  hours.  For  instance, 
at  evening  and  at  night  the  atmospheric  air,  l)eing  colder,  enters  the 
8oil;  while  by  day,  being  warmer,  its  direction  is  reversed,  and  air  is 
^wn  up  from  below. 

Movement  due  to  temperature  differences  is  almost  constant,  since  it 
^  only  rarely  that  the  temperatures  of  the  air  and  soil  are  in  agree- 
''^ent.  The  influence  of  barometric  pressure-changes  is  not  very  great ; 
^Jth  fall  in  pressure,  the  tendency  is  toward  upwanl  movement,  and 
^^th  rise,  toward  downward  movement ;  hut  Fodor  found  from  the 
®^dy  of  a  large  number  of  observations  tliat  the  actual  observable 
^^nges  were  insignificant. 

,  With  the  various  influences  at  work  causing  movement  of  the  soil- 
''**  in  all  directions,  it  is  plain  tliat  tlu;  soil,  esixM^ially  if  highly 
P^i^eable,  is  endowed  with  a  sort  of  respimtory  fiuiction  which  kei»i>s 
'^  Uiore  or  less  well  ventilated. 

Pomierly,  it  was  l)elieved  by  Pett^nikofer  and  others  of  the  **  Munich 

^hool "  that  the  amount  of  carbon  dioxide  in  soil-air  might  serve  as 

^^  index  of  the  amount  of  impurity  and  of  the  rate  at  which  the  latter 

^'^  decomposing,  and  that  comixirison  of  the  amounts  obtainable  from 

different  soils  would  serve  to  indicjite  their  relative  cleanliness.     But 

ft^ch  is  not  the  case  with  soils  equally  ]>ernieal)le,  owing  to  the  influen<*e 

exerted  on  soil  ventilation  by  so  many  varying  and  conflicting  causes. 
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Indeeil,  it  has  l)een  proved  by  Fodor  that  a  permeable  soil  extensivchr 
(*c>ntaniinated  by  organic  filth  may  yield  less  of  this  index  of  impaAjr 
than  one  far  cleaner,  but  less  susceptible  to  ventilating  influences.. 

Soil-water. 

The  moisture  contained  in  the  >?oil  may  be  designated  in  three  dif- 
ferent ways,  according  to  its  jK)sition  and  the  forces  by  which  it  is 
held  in  place ;  namely,  hygroscopic,  capillary,  and  gravitation. 

Hygroscopic  water  is  that  which  adheres  to  the  surfaces  of  the  soil 
particles  in  the  presence  of  air.  A  certain  amount  of  moisture  l*  con- 
<lensed  upon  the  surface  of  most  solid  substances  exposed  to  ordinarr 
danii)ness,  and  it  adheres  with  great  tenacity.  The  amount  of  water 
so  obtaineil  differs,  other  conditions  being  the  same,  according  to  the 
nature  of  the  soil,  some  soil  constituents  surpassing  others  in  their 
|K)wer  to  attract  it.  Thus,  soils  rich  in  organic  matter  (humus)  have  a 
greater  degree  of  hygroscopicity  than  others  in  which  this  constituent 
is  present  to  a  lesser  extent.  In  some  soils,  the  amount  of  hygroscopic 
water  is  very  marked  by  reason  of  the  large  amount  of  organic  matter, 
and  l)ecause  also  of  the  large  surface  area  presented  by  the  soil  partidcs. 
Some  idea  of  the  tenacity  with  which  this  moisture  is  retained  may  be 
<leriv(.Hl  from  the  fact  that  air-drie<l  soils  which  appear  to  be  quite 
dry — the  dust  of  countrj-  roads,  for  instance — may  yield  as  much  a«  a 
tenth  of  their  weight  of  water  on  complete  drj'ing  by  ordinary  labora- 
tory methods.  Both  the  moisture  absorbed  from  the  air  and  the  ^"ater 
held  on  the  soil  grains  by  surface  attraction  after  a  condition  of 
decidiHl  wetness  has  Ikhmi  ehangeil  by  the  draining  away  of  the  re?t, 
may  l)e  termed  hygroscopic. 

The  capillary  moisture  is  that  which  is  held  within  those  sjiaces 
which  have  l)ei»n  spoken  of  as  capillary  in  their  nature.  Under 
ordinary  conditions,  these  are  intermingled  with  spaces  which  may  not 
be  so  dcsijrnated  and  which  contiiin  air,  and  so  the  capillar^'  moisture 
does  not  ordinarily  e<]nal  the  porc»-volume.  The  water  in  the  capillary 
spaces  may  l)e  that  which  is  retained  after  thorough  wetting  fromabcA'e, 
or  it  may  have  crept  upward  or  laterally  from  points  completely  satu- 
rated. Capillary  movement  0(tu!-s  in  all  directions,  but  it  is  mo!?t 
marked  from  Iwlow  upward  to  points  where  water  is  IxMug  witlidrawH 
by  evaporation  or  by  the  demands  of  growing  vegetation. 

The  height  to  which  water  may  rise  by  virtue  of  this  force  depends 
upon  the  diameter  of  the  spaces;  the  smaller  the  diameter,  the  greatei 
the  rise.  Jnriirs  law  of  capillary  movement  is,  that  the  height  of 
ascent  of  one  and  the  same  liquid  in  a  capillary  tube  is  inveraJv  a' 
the  diameter  of  the  tuhe.  Thus,  water  will  ascend  ten  times  as  bigl 
in  a  tube  having  a  diameter  of  0.1  mm.  as  it  will  in  another  with  ^ 
diameter  of  1.0  nun.  It  follows,  therefore,  that  capillar)' movement 
is  m<»st  marked  in  soils  of  fine  texture. 

Capillary  mov(»mcnt  is  inHueneed  materially  also  by  temperature 
an<l  by  the  nature  of  substances  held  in  solution.     It  diminishes  a«J  th^ 
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iperature  rises,  and  increases  as  the  temperature  falls,  so  that  ooolinji^ 
^  floil  uniformly  will  cause  increased  capillary  movement,  and  heating 
^  will  cause  a  fall.  But  with  uneven  tenijxjratures,  the  motion  will  1h» 
liiTerent  according  as  the  temj)enitures  vary.  Thus,  if  the  lower  jKirt 
uC  a  column  of  soil  be  cooled,  the  surface  tension  of  its  containetl 
mmtet  will  \>e  incivased  at  that  jH)int,  and  water  will  be  attracted  from 
tibe  parts  above,  gravity  assisting;  whereas,  if  it  l)e  heatinl,  it«  c<»n- 
tainecl  water  will  Iw  attracted  upward. 

In  saturated  soils,  motion  of  the  water  in  any  dinn^tion  is  influenced 
-vcfv  greatly  by  temperature,  lK»c«use  of  the  effect  of  heat  in  changing 
':  the  viscosity  of  water.     The  higher  the  temj>erature,  the  greater  the 
rj  fiminution  in  viscosity  and  the  freer  the  movement. 

The  influence  of  dissolved  substances  deiKMids  uj)on  their  nature, 
tome  favoring,  and  others  retanling,  movement.  The  rate  is  increase<l 
\l}  the  presence  of  nitmtes,  and  is  diminished  by  common  salt  an<l 
nlpbate  of  cidcium  ;  but  the  favoring  influence  of  the  presence  of 
nitrates  is  counteracted  most  markedly  by  organic  substances  productMl 
in  the  decomposition  of  matters  of  vegetiible  origin,  for  a  minute  tniee 
of  these  completely  neutralizes  the  effect  of  such  amounts  of  the 
fcrmer  as  are  commonly  present  in  cultivatinl  soil. 

It  is  self-evident  that  anything  tending  to  the  diminution  of 
capillarity  of  a  soil  diminishes  the  rate  of  capillar}'  flow.  When  the 
soil  is  worked  in  such  a  way,  therefore,  as  to  produce  an  o|)en,  cnimbly 
condition  in  place  of  one  of  compactness,  the  rate  of  capillary  move- 
ment within  it  is  diminished  very  greatly. 

We  come  now  to  the  third  division,  which  has  been  designated  as 
pavitation-water.  This  is  the  water  which  has  (Iraintnl  away  through 
theaoil  by  the  force  of  gravity  and  accunuilate<l  in  the  subsoil  over  an 
nnpenneable  stratum  which  has  arrested  its  fartJier  downward  journey. 
This  is  what  is  commonly  known  as  ground- water,  or  subsoil- water. 
Its  aone  extends  fn)m  the  surface  of  the  imjx»rmcjiblc  barrier  upward 
to  that  point  where  the  interstices  of  the  soil  cease  to  W  completely 
filled  with  water,  but  are  fillwl  partly  with  air.  This  point  is  known 
«« the  ground-water  level.  The  zone  al)ove  it,  through  which  water  is 
Dioved  in  the  capillary  sj>aces,  is  known  as  that  of  the  capillary  sini- 
ster, and  extends  as  far  as  the  water  is  moved  through  that  force. 
*^bove  this,  at  and  n«ir  the  surface,  is  the  zone  of  evaporation,  from 
^nich  water  is  evaporated  into  the  atmosj)here. 

The  imj>ermeable  stnitum  b<Mieath  t\m  subsoil-water  may  be  either 
y^'fine  sand,  compact  clay,  or  nK'k.  It  may  Ik*  thin  or  thick,  accord- 
^  to  circumstances.  I^»low  it,  there  may  b(»  a  sneeession  of  alter- 
^ting  {x^rmc^ible  and  imiHTmesible  strata,  so  that  in  driving  (Um'J)  wells 
•variety  of  strata  are  pierced,  and  waters  of  varying  eom|H>sition  may 
**  secured.  Dense  clay  is  practically  imjHTnieable  to  water,  but  at 
f'^Hame  time  it  can  communicjitc  its  moisture  to  surfaces  with  whi<li 
'^  comes  in  immediate  contact,  a  fact  which  renders  ncnrssarv  the  in- 
^^^TKwition  of  damp-proof  material  in  the  foundations  of  houses  built 
»Ponit. 
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Rocks  vaiy  greatly  in  impermeability  ;  the  densest  of  them  coDtiii| 
very  small  amounts  of  moisture  in  their  pores,  while  others  are  m 
j)orous  that  they  may  contain  as  much  as  a  third  of  their  volume  o(i 
water.  Again,  most  rock  deposits  are  more  or  less  fissured  iiil 
seamed,  and  thus  i>ermit  to  a  greater  or  less  degree  the  passage  rf 
water  at  these  points. 

The  water-bearing  stratum  is  usually  gravel  or  sand,  but  mij 
be  porous  or  fissured  rock.  Its  depth  is  exceedingly  variable^ 
depending  upon  local  geological  conditions,  and  at  two  points  not 
widely  separated,  it  may  be  respectively  slight  and  considerable. 

The  ground-water  is  in  constant  motion  both  laterally  and  verticalh. 
Its  lateral  movement,  wliatever  its  rate,  depends  upon  the  configuratiai 
of  the  impermeable  layer  below,  and  not  upon  that  of  the  surfeoe  of 
the  land.  Generally  speaking,  the  direction  of  the  movement  is  toiraii  I 
the  nearest  large  body  of  water,  be  this  the  sea,  a  lake,  or  a  river;  1 
but  it  is  not  often  possible  to  determine,  except  in  a  general  way,  from  | 
surface  observations,  whether  at  any  given  point  the  flow  is  in  one  ' 
direction  or  another.  This  is  especially  true  when  the  water-bearing 
stratum  is  thin  and  underlaid  by  an  impermeable  stratum  of  ven'  irreg- 
ular conformation. 

The  rate  of  movement  is  also  exceedingly  variable  ;  it  may  be  fast, 
or  slow,  or  hardly  jx?rceptible.  In  Munich,  for  instance,  according 
to  Pettenkofer,  it  amounts  to  about  fifteen  feet  daily,  while  at 
Berlin,  it  is  only  verj'  slight,  and  at  times  is  wanting.  It  is 
influenced  by  the  configuration  of  the  subsurface,  by  the  perme- 
ability of  the  subsoil,  by  the  amount  of  the  accession  of  moisture 
from  rainfall  and  melting  snow,  by  the  obstacles  interposed  bvthe 
ro()t8  of  trees  and  other  plants,  by  others  at  its  outfall,  and  bv  the 
withdrawal  of  moisture  by  the  ni^eds  of  vegetation  and  of  communiries 
of  men. 

The  rise  and  fall  of  the  ground-water — that  is,  its  vertical  move- 
ment— depend  chiefly  ujK)n  the  amoimt  of  rainfall  ;  and,  on  the  other 
hand,  upon  the  nite  of  withdrawal  by  evaporation,  v^etation,  and 
water  supply  of  communities,  and  upon  the  freedom  of,  or  obstacles  to, 
the  outflow. 

The  etteet  of  niiufall  is  generally  not  immediately  perceptible,  for 
so  much  time  intervenes  In^tween  h«ivy  falls  and  penetration  that  a 
fallinjr  of  the  ground-water  level  may  continue  to  be  obser\"ed  for  a 
long  time  aft<»r  a  jXTiod  of  gnnit  wetness  ;  but  when  the  level  rises,  it 
is  a  proof  that  ad(liti(»ns  have  been  received  from  above,  though  per- 
haps the  accession  has  travelUnl  through  a  long  distance  in  the  soil. 
Wlien  the  level  falls,  it  is  a  sign  tliat  the  up[>er  strata  have  become dO' 
through  evaporation,  and  that  capillarv  attraction  has  carried  moisture 
up  wan!  to  rcp]a(V  the  l(»ss. 

The  rise  and  fall  of  the  ground-water  level  may  be  determined  by 
measuring  from  day  to  day  the  distance  between  the  surface  of  the  sol 
and  the  height  (►f  the  water  in  a  number  of  wells  in  a  given  locality* 
This  may  readily  Ih^  done  hv  means  of  a  tape-measure  or  chain  to  whiA 
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hs  attached  a  nwl  iM^aniitr  a  uuiiiiui'  (»t'  slmllrjw  metalJie  oups  which  are 
Inwereil  into  t\w  \\iiit*v.  Thr  Jistaiict'  bt^tu'Lt'ii  tht^:  jniint  on  ihv  chain 
at  the  mouth  nf  the  \\'A\  and  the  u|>|KTmnst  riip  in  which  water  is 
iininil  iridi«ites  tlic  (Misittoij  of  the  water-h'vel  with  res|MH*t  to  the 
eurfa<?e- 

By  removing  uhstacles  tu  the  outfall  <»f  the  uudergrouinl  river  as  it 
f^:)raetimf??*  i.-^  calknl,  aiul  hy  cr<*afing  new  (juttiills  Iiy  diteliiiig  more  or 
Ivr^^i  dcf^ply,  aei*<»rdiiitr  to  iudividrial  e*»uditioiis,  Ur  sinking  dniinage 
welli^t  or  l>y  laying  drain  tile  heueatli  the  !?urtuee  at  sueh  depths  as?  may 
appear  to  be  advisable,  the  level  of  the  groii ml- water  may  be  con- 
©irleralily  hiwereil,  aud  the  soil  t!ierel>y  reiiJerctl  eorrespoiidiugly  drier, 
'^iind  al8o,  by  n.-a^Kui  of  the  intlucnce  of  water  on  soil  teinjKTature, 
warruer. 

Sources  of  SoU- water, — ^The  ]jriireipal  source  of  soil-water,  it  is 
lianlly  neo^SKary  to  say,  i.^  the  raiufall,  but  by  no  means  all  of  the 
water  pi*eetpitatHl  from  the  atmos[>here  during  a  storm  j>cnetinte!^  to 
the  8ul>soil,  Light  rains  may  l*»^  wholly  lost  by  evajjoratiiui,  and 
lieavier  oue>«,  es|>ecially  <  In  ring  active  vegetiitiou,  may  j>c»netmte  but 
very  slightly  beneath  the  surface.  In  early  s]>ring  and  in  an- 
tumn,  the  amount  which  |M:*rcohites  downward  is*  naturally  much 
Jai*gtT  iu  propoitiou,  A  by  no  means  insiguifieant  amount  of  moist- 
uit?  is  that  derived  by  ab.s(»r|ftiou  aud  condensati<»n  fn^m  a  miiist  atmo.s- 
fihere,  Iu  period.-si  of  tlronglit,  this  power  of  dry  s*>il  to  abs<irb  water 
from  humid  air  is  t*Y  the  greatest  value  to  vegetjition.  The  amount 
alisorlie^l  differs  ac<'ording  to  tlie  nature  au<l  hygroseopieity  of  the 
«oil  elements.  Thus,  a  soil  rich  iu  liuiims  will  attract  more  water 
than  another  crunposcd  wholly  of  saud.  Condcnsatiou  of  water 
occurs  when  the  Burtliee  in  chdI*!  aud  in  aintact  with  moist  air.  This 
condensation  may  o<"<*ur  from  above  or  frcan  itie  rising  moist  soil  air 
jnst  Wlow. 

A  third  sonrw  of  moisture,  of  no  gn^at  imjMtrtance,  is  the  breaking 
tifi  of  organic  matter  into  its  ermstittieut  elements,  in  whicli  process 
the  hydrogen  is  in  great  ]>art  ultimately  releasetl  in  eoml>iuation  with 
<jxygen  as  water.  Another  an<l  excwdingly  important  source  of  soil 
moisture,  im|K^rtaut  not  Itecausr  of  the  amount,  Imt  fjecanse  of  the 
ciuality  of  the  water,  aud  l>et*:His<*  oi*  its  jiossihle  effeet  on  the  supply  of 
■or inking- water  and  on  public  health,  is  the  waste  waters  incident  to 
human  life,  which  iu  so  great  a  proportion  of  eounnunities  are  dis- 
c^hargetl  directly  into  the  stiil,  where,  l)eing  out  of  sight,  they  are  equally 
out  of  mind. 

Loss  of  Soil  Moisture  by  Evaporation. — The  amount  of  water 
which  a  soil  lus*'s  by  e\'jiporati<m  is  inftu^'UCtHl  by  a  number  of  factor?^, 
M'hieh  include  the  water  content  of  the  soil,  the  height  of  the  jK^rmeable 
layer,  the  coni|H»sitiou  and  structiu'c  of  tlic  soil,  and  the  chameter  of 
itii  .surface,  an*l,  particularly,  whether  it  is  eoverHl.  In  other  words. 
the  rapidity  of  the  proeess  is  pn>|xirtional  to  the  combined  area  of  sur- 
faces exposeil,  and  to  the  facility  for  replacing  the  loss  by  withdrawals 
Jmm  below. 
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Influence  of  Vegetation  on  Soil  Moisture. — The  amount  of  wattr 
in  soils  is  influenced  greatly  by  growing  vegetation,  which  requires  t: 
vast  supply  for  the  proper  maintenance  of  its  functions.  It  withdrwii 
it  by  absorption  by  the  roots,  which  extend  downward  to  suipriair 
depths,  the  roots  of  wheat,  for  instance,  attaining  sometimes  a  lengflr 
of  eight  feet  and  more.  From  the  roots,  the  water  passes  into  the  A- 
culation  of  the  plant,  assists  in  the  various  physiological  processes,  ud 
then,  for  the  most  part,  is  given  ott*  from  the  leaves  into  the  atouv- 
phere.  It  has  been  ciilculated  by  Pettenkofer  that  an  oak  evaponts 
more  than  eight  times  the  minfall,  and  that  the  Eiu^yptiut  globdut  is 
even  more  active.  The  difference  b<»tween  the  rainfall's  contributioi 
and  the  amount  exhaled  represents  the  amount  which  has  been  with- 
drawn by  the  roots  from  the  capillar}'  spaces  and  from  the  water-taUe 
itself.  As  the  water  in  the  capillaries  is  relinquished  by  them,  moR 
comes  up  from  below  to  take  its  place.  Thus  it  is  that  a  plant  or  titt 
acts  during  the  growing  season  as  a  constantly  working  suction  appan- 
tus  tending  to  dry  the  ground,  and  so  may  be  explained,  in  pait  il 
least,  the  condition  of  wetness  that  is  acquired  by  some  lands  after 
removal  of  trees. 

All  growing  crops  withdraw  enormous  amounts  of  water,  and  aflier 
the  growth  becomes  well  advanced,  it  is  the  capillary  water  upon  whidi 
dependence  is  placed,  for  the  rainfall  jienetrates  but  a  short  distance 
into  cultivated  land,  and  most  of  it  is  lost  by  evaporation.  Were  it 
not  for  the  capillary  water  supply,  no  crops  could  be  raised,  except 
under  most  extraordinary  conditions  of  weather  and  by  artificial  irri- 
gation, since  but  a  short  |)criod  of  drought  would  suffice  to  produce 
wilting.  According  to  Stockbridge,^  "The  quantity  of  water  thus 
requircfl  and  evaporated  by  different  agricultural  plants  during  the 
period  of  growth  has  been  found  to  be  as  follows  : 

1  acre  of  wheat  exhales 409,832  pounds  of  water. 

1     "     "    clover  exhales 1,096,234        "      "       " 

1     "     "    sunflowei-s  exhales 12,585,994        "      **       " 

1     *'     "    cjiblwi^e  exhales 5,049,194         "      "       " 

1     "     "    K^pe-vines  exhales 730,733        »*      «       " 

1     *'     "    hops  exhales 4,445,021         "      »*       "  • 

1 
1 

But  the  influence  of  vegetation  on  the  water  content  of  the  soills 

not  limited  simply  to  its  withdrawal  and  evaporation  into  the  atmo^ 

phere,  for  it  acts  in  the  other  direction  to  imjiede  surface  flow  and  sul>- 

surface  drainajre.     This  is  seen  more  particularly  in  the  case  of  tret's 

an<l  forests.     The  forest  cover  keeps  the  soil  granular  and  promote^ 

downward   percolation  ;  the  tree   roots,  penetrating   in   all   direction?> 

present  an  effective  obstacle  to  rapid  lateral  movement  through  the  soil* 

Removal  of  forests  and  clearing  away  the  surface  of  the  forest  littct 

])romote  sudden  and  destructive  fresliets  in  the  springtime  and  drought 

when,  later  in  the  year,  the  water  is  needed.     The  ill  effects  of  deforest* 

ation  are  noticed  particularly   in   parts  of  Maine  and  in  the  Adiron- 

dacks,  where  streams  that  formerly  ran  full  the  year  round  are  raging 

»  Rocks  and  «oils,  New  York.  1888. 
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tiimfiits  when  the  wniter's  siiowh  are  molting  and  but  insignificant 
brooks  or  whtilly  dry  during  the  Minn  nor  tnonth.s.  It  hus  l)wo  i^tiit^d 
by  Major  Rayinond,  r»t'  the  1 1.  S.  Engi  iieei*:^,  thsit^  in  forest  arms,  itmr- 
fifths  of  the  minfiill  are  Kivt^l,  wliile  in  clenrBl  land  the  sunie  amount 
is  lust  by  eviijyoratiuii  and  surllne  flow. 

Other  Effects  of  Vegetation  Upon  the  Soil, — In  addition  to  its 
iiiHuonce  on  the  nioveinent  of  soil-waler  and  on  it**  annnint,  vegeta- 
tion is  an  inipurttuit  fuetor  in  the  deternii nation  of  soil  tenij>enitnre 
ant]  of  the  ariionnt  of  mineral  matter  available  ftir  sneeeeding  growths. 
The  tleeply  penetrating  roots  Ijring  to  the  tissues  of  the  growing  plants 
a  large  amount  of  rniaend  matters  from  the  subsoil.  On  the  death 
and  ikM-uy  of  the  plant,  these  matter>  are  returned  to  the  soil  at  lU 
fciiirfat^^  whi're  they  are  avaihd.>le  for  reabsorpliou  sjs  plant  fotxh 

The  e1fei!t  of  vegetatioti  on  soil  temperature  is  of  mueli  imjKirtanee 
in  l>oth  hot  anfl  eokl  (4inlat^^'«.  A  iKirren  soil  or  one  from  whieh  veg- 
etation ha,s  l>een  stri|i]:R^I  abs<a'bs  the  heat  rays  of  the  sun  more  rajj- 
idly  and  b<-f*omes  mueh  liotter  than  one  whieh  is  prtiteett^l  by  growth 
of  any  kind.  The  air  above  the  s<nl  InNv^mes  liotter,  too,  beeause  of 
gi^usiter  heat  radiation,  and  tlie  diifercnee  in  tlie  snriat^  teni|>eniture  of 
bire  ground  and  that  eovered  l)y  grass  or  i^tlier  vegetation  is  further 
ineri*as4:*d  by  the  cooling  viVvvt  of  evaporation!  of  moisture  from  the 
leaves.  Herlmge  acts  as  a  proteetion  against  exe(*ssive  lieati ng  in  hot 
climates,  and  as  a  blanket  to  prevent  lt*ss  of  heat  in  eold  tmes.  In 
eammerp  the  areas  covere<l  by  vegetation  are  eooler  than  those  which 
are  linproteeted  against  the  direct  mys  of  the  sun,  and  in  winter,  they 
are  warmer  Imhiiusc  ol"  the  *>l>staeh^  to  heat  lf»ss. 

Tn^es  obstniet  the  siui^s  rays  and  imptKle  wind  currents,  and  thus 
the  sf>il  is  ceMiIer  and  at  the  siuue  time  sutlers  less  loss  of  moisture  by 
evaporation.  The  ohstruction  of  the  >vind  {^urrents  deprives  the  soil 
air  of  one  of  the  inttuenees  having  to  do  with  its  movement,  and  thus 
int4^rfen\s  with  soil  respiration.  The  (obstacle  o]n>r>sed  by  trees  to  the 
motion  of  air  is  so  gn-iit  that,  in  the  interinr  <»f  a  piece  of  \v004ls,  the 
air  may  be  cjuite  cahu  while  a  gjde  is  Wowing  outside.  In  winter,  the 
ob^-trnction  of  the  sun^s  mys  aids  in  the  cijuservation  of  the  soil  heat 
by  preventing  the  aeetunulated  snf»w  JVom  melting,  and  tlnis  keeps  the 
t<tirface  pr4)tecte<I  l>y  a  blanket. 

In  <u>hl  climates  the  influenee  of  trees  may  be  at  the  same  time  per- 
nicious and  Ix^neticial  ;  that  is  to  say,  |K*rnieious,  in  that  tlie  ground  is 
colder  and  moister  than  it  wuid<l  be  had  the  muu's  rdv^  free  acccHSi 
ant!  Ijenetieiid,  in  that  the  trees  atfbnl  jiroteetion  against  wind.  The 
jndi<Mous  removal  nf  trees  will  *}i\vi\  remler  a  climate  more  cfjnable. 
In  hot  c!imatf*s,  as  in  eold,  trees  should  l>e  rem*>vefJ  only  in  t^se  of 
necessity  and  after  due  consideration  of  the  [jrfibable  results,  Tim 
hottest  sp4>t^s  iu  hc»t  eountri*  s  arc  those  deprived  c>f  the  benetieial  influ- 
ences «>f  vegetation. 

It  may  imt  be  out  <if  place  here  to  mention  the  supjiosed  agency  of 
wtMwlland  in  prote<'ting  ci>n nan ni ties  from  "  malarial  exhalations '*  from 
swamp  hKiilities.     That   tlic  inteqKisition  of  a  belt  of  trees  has  been 
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IbllowLHl  in  a  niiinber  nf  instuiux's  Uy  deeUM  improvement  in  public 
hfultli  so  far  as  nialariii  is  t^uicenHMl,  caunot  well  be  (leiik^l  ;  but  the 
improvement  h  not  oAving  t-o  tbe  fancii'd  |»rti|)ertv  of  Jeavei?  to  e<j|j- 
cleiiHP  upnii  their  siirfaefs  tlie  malaiial  ])oison^  but  to  the  lart  that  die 
winged  1  Hearers  of  this  pnisnii,  blown  alcMig  hy  the  wind,  are  tilteivtl 
<»ut  of  the  air  bv  the  leaves^  or  themsi.*lves  seek  the  pn)teetion  thas 
affbnled  agtiinst  farther  invohnitiiry  tnovonients,  ami  attach  theraselvet^ 
to  the  leeward  side  of  knaves  and  trunks. 


Pollution  of  the  Soil. 


The  801 1  reeeive.s  pollutiujr  matters  uf  in  finite  variety  and  in  widely 
differing  aninunts,  but  their  nature  and  their  amount  ai^e  of  k*^s 
]mp4»rtanet'  relatively  than  tln-ir  |*niiit  tti*  entnniee.  8*tme  i>f  the^e 
[mjI  lilt  ions  are  uuavoidal)le,  aiid  these,  indet'dj  are  the  ont*s  eoneerning 
which  we  may  give  oiiri^elves  the  least  eouceru  j  others  are  avoicUible» 
tliougli  not  always,  i>r  even  osnally,  witliciut  the  ineurring  uf  exj>eni^e. 

The  unavnidalde  pnlluti<»ns  inehide  the  urine  timl  drnppings  uf 
animals,  the  raresisses  of  snt'li  as  have  dit*<l  and  have  est:;j]H*<l  the 
notiee  iif  other  animals  that  aet  as  seavengers,  and  vegetable  mattens 
of  every  eonec^ivable  kind  in  various  stages  of  deiay.  Excepting 
under  very  unusual  tHinditions,  sueh,  for  instanet',  as  may  exist  iti 
time  of  war  or  flt»od  in'  ejtidenucs,  wlien  large  nuujljei's  of  horses,  cattle, 
and  other  animals  are  killtHl  or  die,  these,  lying  at  or  near  tlie  surface, 
aiY*  of  ('Comparative  unini  porta  nee,  flincT,  expisetl  to  natural  pnH*esst\s  of 
puritieatiou,  they  are  nvolved  into  >im|>lc  lunoeuous  substances,  which 
are  absorlj+xl  by  jilant  life  or  waslird  dowinvard  into  the  soil. 

The  avoidalde  polbitions  are  mainly  those  wineli  man  ilej)os?it^ 
beneath  the  surface,  and  tliese  are  first,  and  of  minor  inijiortiince,  the 
b(j«lit^  of  the  drad,  aud  second,  tyl'  vast  importance,  the  excreta  and 
other  orgtiuic  Hlth  that  const  it  ute  sewagi\  'flie  tempi*rary  stonigi*  «>f 
iilth  in  water-tight  reci'ptack-s  bnill  under  ground  eau,  of  (*ourse,  do 
no  harm  to  the  sinTonmiing  s<*ib  but  it  is  n<tt  into  such  that  man  usu- 
ally choosf*s  to  dejwsit  his  waste.  Water-tight  ee^sp4X)ls  gra(kially 
become  filled  and  then  require  to  be  eni])ticd^  whih?  those  wilh  |N:»rvious 
bottoms  |KMinit  tlie  esca(»e  of  the  contents  downward,  re*|uire  no 
thiiughl  or  care,  and  are,  thcretbre,  a  source  of  cuntentment  and  i»f 
saving  of  exfjcnditure.  The  tilth  thus  introduced  is,  however,  l^elow 
the  zone  of  Imeterial  activity  of  the  beneficent  kind,  and  l>eeomes  stoi*ed 
up  in  the  subsoil  or  is  washed  away  gnidually  by  the  ground-water, 
which  there! ly  is  made  unfit  ftir  liuman  consimiption.  Organic  matters 
depersitc  d  in  tlie  upjier  stnita  of  the  soil  aiv  resolved  into  their  am- 
hititnent  elements  with  great^'r  or  lesser  rapidity  accoitling  to  hictd  con- 
ditions of  distance  from  the  surtacre,  terufHTature,  degi*ee  of  moisiure, 
and  (>ermeability  to  air,  the  prrw»L^s  advaneing  most  rapidly  in  a  well- 
ventilat<*d,  nn»dcrately  dry  soil  near  tlie  surface,  an<l  most  unthvorably 
in  wet,  eomjxu*t  soils,  far  from  tlie  surface. 

The  influence  of  the   physieal   condition  of  the  soil   is  observed  fre- 
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Ty  in  the  rxliniiiatinn  **f  lifHli*-*;  tru*  niic  i-^iuH'  or  auotlitT  niUr  vary- 

|)i-ri<Nls  uf  iiitt^niit  lit.     Thu^,  in  ujn'u   soils,  iMwlirs   may  disiqipfjir 

liitit   cH>m|>let4.'ly    in    tlie  c'<nirsi'  «>!'  a   tV'W   yt^ars,   while   in   stitl"  net 

ihev  may  Ik*  foiUMl  even  alter  twenty  and  naure  yeiirs  t<»  Ikj  pntriil 

li^j   stili    iHnK'rpnn^   a    niont    trrailnal    pruee>is   of  di>intiegratiiin. 

it  is  stat<.^l  tliat   in  i'Xc*uviiting  an  am-ient   elnnvhyiinl  in  Lon- 

,thc  soil  nf  wlii<ii  was  a  wet  elay,  in m lies  were  removed  that  .showed, 

two  eentnri**:4  of  interment,  no  materially  ditterent  upptmnineo 

m  timt  ofritluTs  wliieh   liad  h^-en  luiricd   not  over   a  score  of  yearH. 

rntly,  Dr.   A.    Kiedel  '  ha^l   an  ojijiortnnity  to  eom]>are  the  l*emilt8 

riln*omp«)sitt<tn  proetx^ling  in  hodies  huritHl  tor  aliont  tlie  same  period 

I  mmIs  that  were  respeetivi^ly  hnise,  well-drained,  and  well-ventilated, 

]  Cfmi|i;iet,  wet^,  utHi   inipenneahle  to  air.     In   the  tirj^t  ini^tance,  the 

mu^  were  fairly  dry  and  ijnite  inotlensive  to  the  sense  of  smell ;  in 

Kilher,  they  were  a  slimy,  loatlismne  tnass  of  rottenness,  wiiieh  gave 

ftivh  a  horrible  stench  rhat   the  <*rowd  of  idlers  tliat   had  pitliered 

tjuiekly  dissi|>;it«_Hl,   while  those   wlixise  dnty  eom|)elkHl    them   to 

uaiii  wert*  made  impleasjintly  siek,  and  eonl4l  nftt  riil  themselves  of 

't^rnelK  which  elnn^^  to  them  nntil  seveml  days  had  elapsetK 

In  the  de<*onipositic»n  of  organic*  snhstanc^es  in  the  soil,  nt»  offensive 

aruitions  are  m>tiee<i,  if  a  suhstantial   layer  of  earth   is   inter j.)ose(l 

i^wn  them   and  the  atmosj>hei*e.     Just  as   it  hay   po^ver   to  ret^iin 

Iter  in  its  intersti<>es  and  on  the  surface  of  its  fH.nistituent  j>articles, 

tut*i  the  soil  the  faculty  of  absorhin^"  g:ises  and  vapors,  a  jvropeny 

liidi  nirinot  have  esea|MH|  the  notice  of  any  persmi   aeijuainted  with 

Mxnamrin  earth-tdoset.     The  S4>il  act.n  in  this  respect  like  charcoal, 

»1  c^n   take  up  not  only  o<lors,  but  ajso  roloring  matters  and  other 

*i&tiuirt*s. 

Fprhiips    the    most   striking  illnstniti^in   of   the  altinity   of  soil  for 
k'ts  is  the   fact   that  illuminating  gas  from  leaking  stR'et  mains  has 
1  h  journey  through  the  soil  lieeu  known  to  he  divested  of  it*  odor- 
constituents  to  sueh  an  extent   that,  Ix^ing  dniwn  into  houses  with 
h(**.i>i!-(iir^  its  pivsenee  esriipcMl  observation   luitil   the  production  of 
I«>i^on<.us  etleets  drew^  attention  to  the  existence  of  an  unusual  eiuidi- 
tNi  of  the  ain 
A  like  retaining    action    i.s    manifested    in   a   less    markt^l    degra? 
tjjward  su!)stanccs  in  sc^lution,'*  which   arc  lield  f^ack   by  surface  attrac- 
^Pn«  »  fai^  which   has   bec^n  notnl    re|ieatitlly  by  hygiiiiists  an<l  agri- 
^pltural  chemists,      This  is  more  noticeable  in  si  a  Is  of  line  grain,  since 
^<*lt  prcsi-nt  a  far  greater  area  of  grain  surta(*e.      Htjrt'mann  ^  iillnJ  two 
**yliin|ers  of  etjual  s'v/a*  with  siuid  oi'  different  degret^s  of  tincness,  but 
^'ui  the  same  total   |»ore-volunM',  and  to  eacli  was  a*hled  from  above 
^^1  <tjital  Volume  (»f  solution  of  common   sidt,  and   then   daily,  i'or  ten 
F^S  an  eqiiai  volume  of  distil hn!  water.     The  drainage*  of  each  day 

'  Miincht-nor  mpflieinbhe  WnchenM  hrifi,  Jiiiii'  H,  IH'.HK 
C^r  fjatrt*  'if^i  ftur  fiu  itnannnlly  Mtrikiin?  i-xninple. 

I  rltir  «1:iH  F.iiwinri^ffti  von  VemnroinijruiiireH  in  Boileii  and  Grundwsweer.    Arcliiv 
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was  tested  as  to  its  content  of  salt,  and  it  was  found  that,  wberoi 
that  from  the  coarser  sand  yielded  salt  on  the  second  day  and  gave  tki 
highest  results  on  the  thinl,  from  which  time  the  yield  progressively 
dwindled,  that  from  the  finer  showed  no  trace  until  the  sixth  day,  nil 
its  maximum  on  the  seventh.  Repetition  of  the  experiment  in  tk 
same  way  in  all  particulars  yielded  identical  results.  Thus  it  is  sbowi 
that  pollution  travels  more  quickly  in  coarse  soils  than  in  fine. 

In  the  decomposition  of  proteid  substances  in  the  soil,  basic  sob- 
stances  are  believed  by  some  to  be  formed,  which  may  be  taken  into 
the  system,  and  so  aifect  the  resistance  of  the  body  to  disease  as  to 
favor  infection.     This,  however,  is  purely  hypothetical. 

As  has  been  remarked,  the  prei^ence  of  bacteria  is  essential  for  tbe 
resolution  of  organic  matters  in  the  soil.  This  has  been  illustrated  ia 
a  striking  manner  by  Duclaux,^  who  treated  sterile  soil  with  sterile 
organic  matters,  such  as  milk,  sugar,  and  starch  paste,  and  then  planted 
therein  peas  and  beans.  Although  the  resulting  plants  were  well  cawd 
for,  they  did  not  thrive,  but  remained  as  thin  and  weak  as  tbongb 
growing  in  distilled  water.  The  organic  matters  in  the  soil  we« 
of  no  value  in  their  growth,  for  they  could  not  be  absorbed  as  such, 
but  only  after  decomposition.  The  addition  of  a  little  unsteriliwd 
earth  sufficed,  however,  to  start  the  required  process^  and  then  the 
growth  improved  at  once. 

Bacteria  of  the  Soil. 

The  bacteria  of  the  soil  are  found  almost  wholly  in  the  superficial 
layers,  and  below  a  dejith  of  twelve  feet  their  number  is  relatively  few. 
As  they  need  organic  matter  for  their  growth  and  multiplicationjt 
may  l)e  inferred  that  the  greater  the  amount  present,  the  greater  will  be 
their  number.  Thus,  they  are  far  more  numerous  in  rich  garden  soil 
than  in  ordinary  sand  and  clays. 

The  conditions  most  favorable  to  their  development  are,  in  addition 
to  the  presenw  of  the  orgiinic  jxibulum,  moisture  and  certain  limits  of 
temj>erature.  Dryness  and  extremes  of  heat  and  cold  are  all  unfavor- 
able ;  saturation  with  water  may  or  may  not  be,  according  to  the  van- 
ety,  for  there  are  some  that  in  a  wet  rich  soil  can  go  on  decomposing 
organic  matters. 

In  ordinarily  rich  soil,  the  mmil)er  of  bacteria  ranges  from  hundred 
thousands  to  millions  per  cubic  centimeter  in  the  surface  layers,  belo^ 
which  they  diminish  in  number  very  rapidly,  until,  at  ten  to  twelve 
feet  below  the  surface,  the  soil  is  practically  sterile,  except  for  thos* 
that  have  been  wusIumI  down  or  cjirried  by  burrowing  animals,  or,  ft 
above  statetl,  depositcxl  by  man  in  org-anic  filth. 

The  soil  bacteria  arc  mainly  of  the  beneficent  varieties,  the  sap 
ro]^hyt<s  which  jK'rforin  only  useful  oHices,  including  the  numerou 
varieties  of  the  nitrifyin<»:  organisms.  While  different  species  of  path 
ogenie  bacteria  have  been    found   in   the  soil,  and  although  certain  oi 

*  Coinptos  rondus,  C 
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,  the  bacilli  of  tetanus  and  of  malignant  oedema,  are  very  gener- 
11^  present,  this  class  of  organisms  finds,  as  a  rule,  the  conditions 
nsent  in  the  soil  unfavorable  to  development. 

In  the  first  place,  the  temperature  is  too  low,  excepting  in  the  very 
rmermost  layers  in  warm  weather ;  and,  furthermore,  the  pathogenic 
AkLs  cannot  thrive  in  the  presence  of  the  enormously  numerous  sap- 
fiphytes,  which,  in  some  manner  not  as  yet  satisfactorily  explained, 
vbg  about   their  destruction.     This   action  has  been  demonstrated 

rtedly  by  Koch  and  others,  who  showed  that  anthrax  bacilli  and 
pathogenic  varieties  can  grow  in  sterilized,  but  not  in  unsteril- 
bed,  soil. 

Klein^  insists  that  pathogenic  organisms  in  buried  bodies  cannot 
muDtain  vitality  in  the  presence  of  B.  cadaveriH  sporogenes,  which  is 
ihrays  present  in  decomposing  bodies,  and  that,  in  most  cases,  a  month 
il  sufficient  time  to  insure  destruction.  He  buried  guinea-pigs  con- 
tuning  various  kinds  of  micro-organisms  within  the  abdominal  cavity, 
iod  at  different  times  exhumed  them  and  made  search  for  living  speci- 
IWB.  He  found  that  B.  prodigiosus  lived  4  weeks,  but  not  6  ;  Staph- 
jkcoccus  aurensy  about  the  same;  Sp,  eholeroe,  19,  but  not  28  days; 
B,  ijfphosus  and  B,  diphtheriaSy  not  longer  than  2  weeks  ;  B,  pestisj  17, 
kut  not  21  days,  and  B.  tuberculosis,  not  7  weeks. 

It  is  believed  that,  in  the  deeper  layers,  away  from  the  saprophytes, 
the  spores  of  pathogenic  species  may  find  a  lodgement  favorable  to 
storage,  but  not  to  development,  and  that  there  they  may  remain  with 
^rmant  vitality. 

Many  examinations  of  graveyard  soils  and  of  bits  of  coffins  have 
been  made  by  Dr.  E.  H.  Wilson,  of  Brooklyn,  to  determine,  if  possible, 
fte  presence  of  pathogenic  bacteria  as  well  as  the  number  of  bacteria 
18  compared  with  those  in  other  kinds  of  soils.  He  found  no  more 
hacteria  than  in  others,  and  no  pathogenic  kinds  whatever. 

There  is  one  kind  of  soil  that  has  been  found  again  and  again  to 
have  a  destructive  action  on  pathogenic  bacteria,  and  that  is  peat, 
*hich  kills  them  very  quickly,  probably  through  the  contained  organic 
acids. 

The  soil  acts  as  a  very  good  filter,  and  holds  back  most  of  the 
^^^ganisms,  but  by  the  aid  of  flowing  ground-water  or  water  entering 
from  above,  they  may  be  carried  through  considerable  distances.  Tims, 
ft^.  Abba,  Orlandi,  and  Rondelli,^  exj>erinicnting  on  the  filtration 
Opacity  of  the  soil  about  the  filter  galleries  of  the  Turin  water  supply, 
*^nd  that  cultures  of  H^Ucrococcus  prodigiofmSy  ponroil  with  large  vol- 
'^es  of  liquid  into  the  ground  at  various  points,  made  their  appearance 
200  meters  away  in  42  hours,  and  12  and  27.5  metiTs  away  in  7  hours. 
l^J  these  experiments  the  prop(»rty  of  the  soil  for  holding  hack  sub- 
^oes  in  solution  was  manifested  in  a  remarkable  degree,  metliyl-eosin 
^^  uranin,  substances  which  impart  intense  rod  and  green  coloration 
^  water,  and  which  were  added  with  the  cultures,  not  api^earing  until 

*  Twenty-eighth  Annual  Report  of  the  IxK»al  ( J ovemment  Board,  Supplement 
^Teitacdnh  fiir  Hygiene  und  InfectionHkrankheiten,  XXL,  p.  66. 
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hfu^  after  tlir  rn'jriinisnis  hud  |ia>M'(l  tliruii|rh.  In  the  itrstamT  t\i\ 
tlii'V  n|i|M'ur«Ml  in  42  lioiirs,  t!u*  t^t^lt»riiig  agi/nts  oouKl  not  lie  i^ 
uiiti!  iitWr  To  huni>  luul  cilapscnL 

The  relation  of  the  soil  to  tlie  various  jKitliogeiiic  Ijacteria 
ilismssi^l  fartlior  iiirUt  si'inirati'  lira«ling5?. 

Soil  and  Disease. 

The  inHiienee  of  the  .^oil  on   health   and  *Iis«ise   h  a*lmitt«1  v 
j^eiiemlly,  hut  is  little  iimlerstiMnh     We  know  that  eerUiin  R»il  wM 
tions  favor  the  oecurrenee  of  certain  diseatres,  but  why  thk  is  so  miiains 
a  problem  for  future  res* "a r eh  to  solve. 

Our  notions  cuneerning  the  caunal  relation  of  the  soil  are  proy»lf 
greatly  in  error  with  respeet  in  eertain  <lisenses,  heiutr  JoubtleA-i'Aag- 
jferated  as  re^iiils  some,  and  etjiiidly  UTideveluiKKl  with  lUhers*  i  orn- 
jxisition,  |>erineability,  tern|MTat!n\%  moistnrei  evapiniticm,  scnl-air,  nwl 
flnetuatittns  of  the  level  of  the  subsoil -water,  all  are  ?^up}R\Hed  lo 
important  relations  to  many  of  the  diseases  of  mankiiKl  and  of  anil 
life  in  geneniL 

Such  evidence  as  Wii^^  on  the  ivlation  of  the  suil  t«t  disea^^e*  ii^  giv 
in  jjfeneral  terms  Ik  hnv. 

Soil  Dampness  and  Disease  in  OeneraL^ — ^It  lias  hmg  beenunivi 
sally  noticed  tliat  dampness  in  and  Tiear  the  surface  of  the  s<n]  inju] 
ously  aiieets  the  health  f^f  tliose  dwidliug  nearby.  It  ctiii.e**  eokli 
of  the  soil  and  dampness  <d"  the  atninsiihere  imnuntiately  alxivc, 
appears  to  conduct^  more  particularly  to  rlienmatisni^  iieuralgiai*,  ai"' 
diseases  of  the  respinitor^Mmct.  It  has  \nvn  noticxnl  by  many  wli«» 
have  investigated  the  subjt*c*t»  that  the  geriei*id  liealth  of  those  dwelling 
over  damp  soils  is  much  ird'erior  to  tliat  of  tliose  more  favorably  oir- 
enmstanc*eil  in  that  reg^ird,  and  instances  i*f  improvement  ou  removal 
from  damp  to  dr>^  lc>ealities  are  too  txinimonly  known  to  need  ill«^ 
tration. 

It  is  generally  agreed  tliat  a  soil  in  which  the  ground-winter  level  i* 
high,  five  to  ten  feet,  for  instance,  from  the  snrface,  is  not  favorahl«'t<* 
health;  and  that  a  deep  level,  tiftt^^u  i'oct  and  njoret  is  nnobjivtionaW^ 
on  the  score  of  dampness.  This  being  admitted,  it  might  reiti^oiml»Iy 
1h^  infernal  that  artificial  lowering  of  the  grfnind-water  will  be  fo'* 
lovvcil  by  increase  in  salnbrity,  and,  as  a  matter  id'  tact,  that  is  preeUdy 
what  dm's  occur.  But  it  shnuhl  hv  statt^i  in  ortler  U*  Lk'  lustoricjiH^ 
accurate  an*l  in  idl  fairness,  that  while  increased  heidthfulness  is  a  coit-' 
se<juenoe,  as  a  nde  it  is  not  the  obji^t^t  sought,  for,  as  a  genend  things 
sral  drainage,  especially  on  a  large  scale,  ha^  Ix^^u  csirrifnl  out  to  lact't 
the  d(*mands  of  ^ucec-^sfnl  agritadtnre  iiilficr  than  in  ci»nscH|uenix^  <*f 
solicitude  for  public  health. 

The  methoils  ern])loycHl  may  Ih}  stated  generally  as  increasing 
outlet  and  removing  obstnictions  to  tlie  laitfalL  Diteliing  an*l  tlu 
c(»nstniction  of  underground  channel  ways  by  means  of  drain  lili 
or   rubble   and   fieldstones  are  the  niost   eoimnun    methcKls    of  dnui 
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.     St»iaetinie><,  dminn^p  w«4Is  nrv  Arnvn  at  intervuls  down  thnnigb 

imp*.*nufable  Jitnitiim   \uU)  nu   tJ|>i'ii   sulisc^il,  into  which  tliry  then 

lin. 

fhi*  4liffirii!ties  in  the  wtiv  (if  (Iminiii^  oxtonsivf  areii^  of  iinhoiiltby 

iij^rriniltunilly  tuipnMhirtivf   hiiid    lie   i^hicHy  in  the  liick  cif  iiitli- 

lunl   t*tM»[M^ratit>n.     Sncli    (ind(4'Uikiiiu:s    rmist   iiorfssiirily   bi'  tuirritd 

in  a  ^ystrrnativ  niiiirtitT,  and  oti-L^lit  always  t(>  hr  midcr  tlic  dirtftion 

H.»me  Cfntral  authnrity — ninnicipal,  state,  or  uationaL 

il^  meanB  of  under-^lmimigt-,  thonsantis  and  thou8iiiids  oi'  aeivs  in 

leuis  p*irti4  of   this  country,   ii<»tahly   in   Illinois  and    Indiana,  and 

fc^t  aretis  of  land   in    England  and  r*n   the  enntinent,  liave  ht^-n  cmui* 

erttni  fn.ini  uuliealthy,  nialariotis,  and  more  or  less  uuprrHlnctive  tracts, 

HUi  Ueidlhy  ant  I   richly  productive   eountrv  ;  tuit   tlic  scheme  is   not 

jlways  suci'es^ful  in  iflievin^a  Itx-ality  of  <lisea!^e,  esjMvially  of  malaria* 

V has  Iw^en  pnivcd  in  parts  of  Italy,  Aiistmlia»  and  elsewhere. 

Boil  and  Pulmonary  TubercnJosis.^ — Hiere  is  an  imdonhied  con- 

rDw'tion  Ui^tweeii  this  diseastf  and  sf>ii  dampness,  which  is  most  manifest 

[when  one  investigates  the  j>revaleni"c  c»f  tlu-  disease  over  the  same  8oil 

I  Wort'  and  arter  soil  drainage,  hy  which  it  will  always  be  found  to  be 

fdiminished.      Wliy  this  is  so  we  (*an  fudy  eoiijit*tiire. 

VVt*  know  that  damjmess  is  one  of  a  possibly  eonsideniljle  number 

[offrtctors  in   pHxluein^jj  j>rwlis|M>sition  to  the  disea.st^      We  km>w  that^ 

[fllbereoriditions  \whi^  tlw  siune,  the  disease  is  far  more  common  on  h>sv 

ip  Hoils  than  on  elevatnl  dry  ones.      We  know  also  that  tlie  disease 

is"  com  para  tively   nnx'   in   some  parts  of  the  wirth   where  the  soil   in 

'  ww[rtitauilly  dry. 

Tiie  distribution  of  the  dis*'ase  and  its  relatitm  to  soil  dampness  were 
fir«  bronght  to  public  notice  by  Dr.  iltiiry  L  lii^wditch/  of  Fkiston^ 
«  the  annual  meeting  of  the  Massachnsi'tls  Mwtieal  Snaety,  in  1H02> 
i^hd  f^uhnnltiHj  two  jtropusitions,  the  resnlts  of  in<>st  extensive  investi- 
ption»  which  were,  in  substance,  that  dampness  of  tlie  8oil,  whether 
blwrent  or  ae^juiri'*]  by  reajsou  of  proximity  of  bodies  of  water,  is  an 
writing  c^iise  of  cnnsumption,  which  disease  can  be  cheeked  in  its 
^HJrwf  or  even  prev«'nted  hv  pr<iper  attention  to  soil  eonihtitjn.s. 
%'rt!y  aft4'rward,  similar  e<>nelnsi(jns  were  promulgated  in  England 
y  I)r.  Buchanan,  \vho  had  Ix'en  making  ohservations  along  the  r^iinm 
"i^f,  not  knowing  that  T>r»  Bowditeh  wai*  similarly  engage*!.  Thet*e 
P'^pfVi  It  ions  were  aex^epted  by  tlie  profession,  and  have  be<*n  maint^iined 
*'\>T  Mince, 

Typhoid  Fever. — It  is  lieliev^l  cpiile  gent  rally  that  this  disrase  i?* 
'^»HutrtiHl  in  souje  way  with  soil  tNinditions  a.s  well  as  with  drinking- 
J^^Ut,  Indeed,  there  are  Mime  authorities  who  regard  the  soil  as  of 
^^di!,Jtoly  greater  im|Mirtaircr  in  the  <"aii^ation  of  e]ndemi<vs  of  this 
'h*<ii^'  and  i»f  ehnleni  tlian  drinking-water,  which  to  tlu^ir  minds  has 
*Wl«tely  no  iriHuenee  iine  way  ov  another.  The  Pettenkofer  theory 
*>f  the*  cau.se  <»f  thi'Sf*  outbreaks  attributes  it  to  the  soil,  fnan  which  the- 

^  Tofi<ivni|»lnm1  LHNtHl»utiim  ami    \AHni\  nrigin  of  Con»iiiiiption  in  Mdj^tJUclujM^'tti^ 
iiwikttuniv  l^Wi2. 
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<?xciting  cause  is  distributed  by  the  ground  air,  which,  as  has  beei 
stated,  is  in  constant  movement. 

According  to  the  distinguished  originator  of  the  soil  theorj',  theoft- 
known  poison  is  introduced  into  the  soil,  where,  under  proper  condi- 
tions of  orgjinic  filth,  and  other  influences,  a  species  of  femientatioi 
occurs,  the  end  pnxluct  of  which  is  the  exciting  cause,  which  is  (Iki 
ciipable  of  inducing  the  disease  in  those  by  whom  it  is  inhaled.  AU 
important  in  this  process  is  the  vertical  movement  of  the  ground-inita; 
and  it  is  certainly  true  that  over  a  long  period  of  years  of  observatioD 
at  Munich,  there  was  a  most  remarkable  coincidence  between  epidemics 
of  typhoid  fever  and  fluctuations  in  the  ground- water  level. 

The  condition  most  favorable  to  high  morbidity  was  demonstratd 
to  be  a  rapid  fall  after  an  unusually  high  level.  The  highest  deatl- 
rates  during  the  time  covered  occurred  during  the  years  of  lowest  levd, 
and  the  lowest  rates  in  the  years  of  the  highest  level.  A  similar 
<?oincidence  has  been  noticed  elsewhere,  but  by  no  means  in  all  or  evcB 
a  majority  of  the  localities  where  investigations  have  been  made. 

The  theory  had,  for  a  time,  many  adherents,  and  the  controversy 
between  the  soil-theorists  and  the  "water-fanatics,"  as  Pettenkofer 
called  them,  was  carried  on  at  times  with  exceeding  bitterness.  But 
within  the  past  d(»cade,  the  water  theory  has  been  so  thoroughly  proved 
4is  the  chief,  if  not  the  sole  cause  of  extensive  outbreaks,  tibat  ioterest 
in  the  theory  has  fallen  oif,  and  its  supporters  are  now  few  in  number. 
Pettenkofer  *  himself,  however,  was  to  the  end  as  uncompromising  as  in 
the  beginning,  and  found  no  difficulty  in  applying  it  to  the  great  epi- 
demic of  cholera  in  Hamburg,  in  1892. 

The  contention  that  the  extraordinary  endemicity  that  prevailed  so 
long  at  Munich  was  due  to  the  filthiness  of  the  subsoil,  which  was 
honeycombed  with  cessjwols,  cannot  lightly  be  brushed  aside,  for  it  is 
a  fact  that,  with  discontinuance  of  these  abominations,  and  with  a 
system  of  inii)roved  sewerage,  the  typhoid  fever  rate  fell  from  its  posi- 
tion as  a  leader  down  among  the  lowest  known.  Nor  was  this  Ml  due, 
as  has  been  claimed,  to  change  iu  the  water  supply,  for  the  great  epi- 
demics had  ceas(Hl,  and  the  fall  had  long  c*ontinued,  before  the  water 
supply  was  changed. 

Experiment  has  shown  that  the  typhoid  organism  may  retain  its 
vitality  in  the  soil  for  considerable  jx^riods  under  favoring  conditions 
of  warmth  and  moisture.  Kobertson  ^  removed  sods  from  several 
])laees  in  a  field,  and  wet  the  exposed  soil  with  diluted  typhoid  cultures» 
one  at  the  surface,  one  at  a  depth  of  nine  inches,  and  a  third  at  eighteen 
inches.  After  ^:^0  days,  the  haeilH  on  the  surface  had  multiplied,  and 
where  they  had  been  placed  eighteen  inches  below,  they  could  also  be 
found  in  the  surface  laycT.  Later  on,  in  the  winter,  no  results  couW 
he  obtained  ;  bnt  in  the  sj)rin*r,  h(^  moistened  the  patches  with  sterile 
bouillon  in  very  dilute  condition,  and  afterward  succeeded  in  obtain- 
ing growths. 

'  MiiiK-luMUT  iiK'ilii'iiiiM'lu'  ^^^H'llensohrift,  May  2,  1899. 
«  British  Medical  Journal,  Jan.  8,  1S9S. 
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This  positive  rn^ulf  jurnnis  uftli  tlii^  views  of  (ternKiiiri,^  who  l\tmul 
that  typhoiJ  bacilli  will  live  for  inoiitlis  when  iDriim|»lete!y  dry  ;  but 
aiHrording  to  FlCigge,  they  do  not  *stirvive  eomplete  drying  longer  thiiti 
fifteen  days.  In  air-^lrieil  eon<litton  they  appear  tf>  hiive  uiiinijuiirtH! 
vitality  tor  some  <iays,  aeetjrdin^  to  Brownlet*,'  wfm  dritnl  and  sterili/A^Hl 
onlinar^'  soil  and  then  inteete^l  it  with  a  broth  eiilture  of  ty|>hc>id  and 
kejit  it  at  98°  F.  tor  a  day.  It  was  tlien  left  exposetl  to  the  air  for  a 
vi^eek,  dnring  whieli  time  it  lieeame  suffieiently  dry  to  be  easily  scat- 
tered by  the  l>reath.  Cnltnre?^  from  this  gave  pt)Hitive  resnlts.  Bnt 
it  shonhl  l>e  remenibert^d  that  air-*lricil  soil  eonta.ijis  eonsidemble 
hygTos4?opic  water ;  eonsenuently  his  baeilli  were  tlnnbtless  fairly 
well  supplied  with  the  neeessary  moisture.  Of  more  importanee,  a|>- 
pjrently,  than  the  question  tA'  moisture — for  all  soils  |>ossess  sfvme — is 
the  nature  of  the  eontained  orgtmie  matter.  Dr.  »Sidney  ^lartin^^  has 
^howii  that  iuiiMjlbite*l  (virgin)  soils  are  inioiical  to  the  ty(>hoid  ba4'iHus, 
reg»irdles*s  of  the  amount  of  their  eontaine<l  organie  matter  of  veg(^table 
origin,  while  sj>eeimens  eontaining  [)oI biting  material  of  animal  origin 
favor  it*ii  existenee.  Sneh,  at\er  sterilization,  were  phmtiHl  sueeessfylly, 
and  it  was  learned  that,  in  the  presence  of  tnoistm^',  ditlerenees  in  tem- 
jierature  had  but  little  inthienee.  Tims,  the  organism  thrived  alwHit 
Kjually  well  when  specimens  >vere  kept  at  98°  F.,  at  ordinary  room 
temperature,  and  as  low  as  tM"^  F.  By  no  means  the  least  interesting 
observation  made  was  with  i^eganl  to  the  duratioii  of  viability  of  the 
bacillus.  In  one  of  the  sterili/-ed  polhitcMJ  si>ils,  the  organism  was  still 
active  at  the  expiration  of  45<>  days;  and  even  then,  after  thorough 
flnuDg  and  pulverization^  active  growth  could  be  obtained.  In  com- 
j*any  with  various  s|wx*ies  of  bacteria,  among  which  the  prtHlonu'nant 
kinds  were  members  of  the-  />.  roii  group,  it  was  reeoverHl  aih'r  M 
clays'  exposure  to  temjjeratures  ninging  between  -M'^  and  lil'^  F. 

Later  exi>erimeuts,*  in  wliieh  the  typhoid  orgiiuism  was  planted  witli 
different  soil  bacteria,  prove*!  that  various  species  from  a  jmrtieular  soil 
had  the  jwiwer  of  completely  exterminating  itwitliin  a  short  time,  while 
*»thers  had  no  inflnenee  whatever.  Therefore,  it  wonhl  appetir,  whether 
*>r  not  the  typhoid  orgauism  ciin  exist  in  a  given  soil,  will  de]K  nd  ujmui 
the  kinds  of  soil  l*acteria  present,  a^  w^ell  as  upon  special  comlitifins  of 
temperature  and  dampness.  Dr.  Martin  found  the  periml  of  vitality 
in  unsterilized  soils  to  be  a}K)ut  12  days,  l>ut  in  no  case  did  the  orgain\sin 
apjiear  to  multitdy.  An  ex[jeriment  conducted  by  Levy  and  Kayser* 
to  determine  tlie  duration  of  infectivity  of  this  organism  yielded  most 
intere?iting  results.  The  feces  of  a  typhoi<l  patient  were  diseharg4xi 
iDtQ  a  cemented  vault,  remained  tlierein  -5  mnnths,  and  were  then  spread 
on  a  clay  soil,  from  which,  after  15  days  of  winter  weather,  the  specific 
organism   was   Lsolate*!.      They  came  to  the   natural    conclnsinn   that 

'Zeitschrift  fiir  Hvj^iene  unrJ  InfertjnriHknitikbeiten,  XXIV.,  p,  403. 

'  Pnhlic  Iknillb,  isinniiry,  1899,  p.  27'J. 

'  RfiHirt  <»f  Jj<jcj*l  (iuvtrnnifm  Bimrd^  180.S,  Lomlnn,  181*9, 

Mbi.lerii,  19<X^  l>>nc!-m,  1901. 

^C^tmlblatl  ftir  Bo kteno logic,  etc,  Mareli  20,  1903,  Abth,  I.,  XXXIII.,  p.  489. 
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typhoid  gtools  oiifrlit  idways  to  l^**  ilisinfet'tcd  before  being  dischargerl 
into  a  privv  vault, 

Thr  oftW*t  of  ten  I  pi  rat  II  IT  I'lianifcs  <lue  to  the  prei^nee  of  animal  ex- 
iTc4a  iTiixtHi  with  tlie  suil  is  shuwn  l>y  (iaertiier '  to  be  <xiniiidenible- 
He  intrmlueeil  cultiirrs  <»f  varitJiis  orj^anismH  in  wire  baj^kets  into  the 
interior  r^f  eom[Hist  htaps  of  various  i-oiii position,  which  iKx^ame  lieatttl 
to  (litlerent  rxreuts^  ami  obsi^rvi^l  that  tljc  bafilli  of  tyj>hi»iil  an<! 
elirdera  were  the  least  n'sistjint  of  all.  With  rajiitl  {iml  markei!  heat- 
ing, their  life  was  shiU't  ;  but  it  ai>pears  probable  that  in  t!ie  ab.^*nt: 
of  ht^at,  even  with  the  p^iven  surrouM(lin]trs»  they  may  live  throng 
the  winter,  Umh^r  the  ipnlinsirv  luatintr  tliat  oeeurred  in  the  conip 
the^'  two  (jrpinisiiis  were  destroy<'d  in  a  w*vk,  wliile  the  baeillns  iij 
tnlieR'nlitsis  reniaintil   virulent  a   nanil>er  of  nuaiths. 

But  a-'ride  from  what  we  glean  imni  seientitic  re.^^eareh  with  the  ^m 
cifie  organisms,  we  know  from  experieiiee  that  thei'e  are  many  places 
with  jMillnted  smiIs  wliere  tyi>!ioid  fever  was  unkn<wn  until  tlie  impor- 
tation <^f  a  single  ease  from  without,  and  that,  afterward,  sjm mid le  t*a;?esi> 
tor  whieh  no  Oimviueing  exp!an**tioi»  is  atfordetb  have  ix-eurred  at 
varying  intervals.  And  in  eon n try  distriets,  whose  inhabitants  arc- 
not  ^iven  tf»  travelling  mueh  iM-youtl  the  eonfiiie^s  of  their  farms,  it  18 
notiird  friH|nently  thnt  single  eases  oocnr  in  the  stune  hou*seho!d  at 
inler\'als  of  a  year  or  longer. 

In  euch  eases,  it  aeem?^  hardly  reasonable  to  say  that  the  original 
(^^  has  left  nctthlug  as  the  exeiting  eau.^e  for  later  attaeks,  and  that 
fresh  iutHKluetious  of  the  sjH'eilie  organism  unist  have  r»eenm'd  from 
some  uukiuiwn  souri-e,  for  it  is  not  unlikely  that  the  variety  of  ctmdi* 
tioos  that  alfeet  the  viability  of  the  org:inism  may,  in  some  eases*,  act 
to  keep  it  alive,  and,  on  otvasions,  stimulate  it  into  a  condition  of  aug- 
mented 1  aetivity. 

Cholera. — (.'oneerniug  the  relation  of  this  dif^ease  to  the  soil,  there 
is  but  little  to  be  said.  Prior  to  the  discover)-  of  the  sj>eciiie  oi^anisuij 
the  sijil  the<:>ry  of  the  origin  of  epidemic  outbreaks  had  eonsiderable 
vogue ;  l>nt  now  it  is  known  that,  even  in  times  oi'  givatcst  pre%*alence 
of  the  disease,  the  organism  has  never  Im^'U  fiiruid  under  natural  oai- 
ditii^ns  in  the  soib  It  esm  lie  kept  alive  under  <*ertain  iavond>le  ei>n- 
ditions  of  mtjistiire  and  heat  tiir  varv'iug  perimls ;  but  under  natunil 
cNjnditions  it  is  one  of  the  least  rtsistant  bacteria  and  quickly  dit«,  ^^'e 
have  no  evidence  whateviT  that  cholera  is  a  soil  disease. 

Bubonic  Plague. — Tliis  has  bt^n-n  regai-iled  as  a  soil  dist*iise  ;  and  it 
lias  Ikvii  lN'lii'\  cd,  from  the  fact  thnt  I'^^ts  have*  been  eon>pieuons  sis  vic- 
tims of  it  in  the  early  stag«*s  of  it**  devastating  ontbreaks,  that  these 
animals  have  ac^uinnl  the  iufec*tion  in  the  soil,  and  hnve  brought  it 
to  tile  siuHiu'c,  lujrl  thus  acted  as  its  c-arrieiN.  But  rats  sire  notorious  as 
i're<|Uenlcrs  i\{  \Anvi'>  where  fihh  of  ;ill  kinds  ae^'unjuhites,  ami  it  is 
not  Strang*.'  that  where  they  and  tilth  alwund,  they  bee<>n>c  disra>*'ib  if 
the  infective  agent  is  present. 

The  tremendous  epidemics  that  have  ragt^d  w*ithin  the  past  tew  y^in? 
^  ZtMtst'lirin  fiir  Ilygk'no  \\ni\  iTaWlitHiHkniiikheitfii,  XX  VI 1 1,^  \\,  1. 
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0BBUited  unusual  opportunities  for  extensive  study,  which  thus  far  has 
Abided  no  evidence  whatever  that  the  disease  is  soil-borne.  Some 
W^  have  studied  the  disease  in  India  believe  that  soil  conditions  are 
IMponaible  for  the  localizing  tendency  that  is  frequently  observed,  and 
^mt  infection  occurs  through  skin  abrasions,  which,  in  great  numl)ers 
m  tbe  population,  exist  in  chronic  form,  on  account  of  the  prevalent 
pBBtom  of  wearing  toe-rings  and  going  barefoot.  Others  deny  thti 
tafiBction  occurs  in  this  manner,  and  assert,  moreover,  that  the  plague 
bnllns  cannot  long  survive  in  the  soil.  Yokote,^  for  instance,  buried 
■uoe  dead  of  plague,  and  determined  by  successive  removals  and  ex- 
Hiiiuition  that  the  organisms  survived  not  longer  than  1  month.  The 
mA  in  immediate  contact  did  not  become  specifically  infected. 

Diphtheria. — Although  there  is  no  proof  that  the  bacillus  of  diph- 

;  tteria  is  found  even  as  an  occasional  lodger  in  the  soil,  there  is  a  gen- 

[f«d  agreement  that  a  close  connection  exists  between  soil  dampness  and 

l'4e  prevalence  of  this  disease.     It  is  true  that  experiment  has  demon- 

r  toted  the  viability  of  the  organism  in  moist  soils  for  limited  periods, 

f  but  it  has  never  been  found  in  soils  other  than  those  in  which  it  was 

I  deposited  intentionally.     The  common  belief  is  that  a  moist  soil  is  an 

i  iBvariable  concomitant  of  unusual  prevalence,  and  that  in  times  of 

comparative  freedom  from  the  disease,  the  soil  is  dr}-  and  the  level  of 

^  tlie  ground-water  low.     "As  long  as  the  soil  is  well  washed  by  the 

f  winter's  high  tide  and  afterwards  dried  and  aerated  during  the  summer's 

low  tide,  all  goes  well :  but  so  soon  as  these  salutan'  movements  are 

«rr»ted   or  their   order   disturbed,  diphtheria   prevails,  reaching   its 

icme  of  prevalence  when  stagnation  at  a  relatively  high  level  is  most 

complete.''  * 

According  to  Dr.  S.  M.  Coi)enian,^  there  apj)ears  to  bt*  no  direct 
ftlation  between  epidemics  and  rise  or  fall  of  the  ground-watcT,  **  pro- 
vided that  the  structure  and  atmosphere  of  the  houses  are  not  affected. 
Many  districts,  which,  usually  dry,  are  liable*  to  ocatsional  flocxls,  are 
remarkably  free  from  the  disease,  so  that  it  appears  that  a  jx^i'sistent 
unprtfgnation  of  the  soil  with  moisture  is  of  more  ini|)ortanee  than 
fioctuations  in  the  height  of  the  ground- water,  jwirtieularly  if  these 
oave  any  considerable  range." 

Opposed  to  the  views  above  expressed  are  the  conclusions  base<l  on 
*  niortt  careful  and  extensive  investigation  by  Dr.  Arthur  Xewsholnie,* 
of  epidemics  of  diphtheria  in  all  civilized  countries  and  their  incident 
^nditions  of  rainfall  and  soil  moisture.  Dr.  Newsholnie's  eniinencf* 
**  a  8kilful  interpreter  of  the  value  of  statistics,  and  the  fact  that  no 
*ich  exhaustive  inquirj^  intx)  this  question  has  ever  before  lxH?n  mad(s 
otitic  his  conclusions  to  more  than  ordinary  weight.  Admitting  that 
P^'sonal  infection  is  the  chief  means  by  which  dij)htheria  is  spread  fn)in 
^wn  to  town,  and  from  countrj'  to  countr}-,  he  sununarizes  his  t)bser- 

»  Centralblatt  fur  BukterioloKie,  Abth.  1.,  XXIII.,  jk  lO.HO. 
'  Notter  and  Firth,  Tivatiwe  on  Hy^nene,  I81H),  p.  to. 
•Stevenson  and  Murphy,  Treatisi*  on  Ilyj^iene,  181*2,  Vol.  1.,  p.  XMi. 
*  The  Origin  and  Spread  of  Pandemic  I)ii)htheria,  London,  1898. 
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vations  on  the  relation  between  rainfall  and  ground-water  and  the  origia 
of  epidemic  diphtheria  as  follows  : 

"  1.  An  epidemic  of  diphtheria  never  originates,  in  the  towns  i 
countries  in  which  I  have  been  able  to  collect  facts,  w-hen  there  \m 
been  a  series  of  years  in  which  each  yearns  rainfall  is  above  the  aven^ 
amount. 

"  2.  An  epidemic  of  diphtheria  never  originates  or  continues  in  a 
wet  year  (/.  ^.,  a  year  in  which  the  total  annual  rainfall  is  niaterially 
above  the  average  amount),  unless  this  wet  year  follows  on  two  or 
more  dry  years  immediately  preceding  it. 

"  3.  The  epidemics  of  diphtheria,  for  which  accurate  data  are  avail- 
able, have  all  originated  in  dry  years  (/.  e.,  years  in  which  the  total 
annual  rainfall  is  materially  below  the  average  amount). 

"  4.  The  greatest  and  most  extensive  epidemics  of  diphtheria  have 
occurred  when  there  have  been  four  or  five  consecutive  dry  years,  tb 
epidemic  sometimes  starting  near  the  beginning  of  this  series,  at  other 
times  not  until  near  its  end. 

"  5.  Diy  years  imply  low  ground-water,  and  we  find,  therefore,  m 
the  years  of  epidemic  diphtheria  that  the  ground- water  is  exceptionally 
low.  The  exact  variations  in  the  ground-water  which  most  favor  ep- 
demic  diphtheria  amnot,  with  the  data  to  hand,  as  yet  be  stated ;  bat 
it  is  probable  that  when  this  is  cleared  up  it  will  become  clear  why  in 
exceptional  years  which  have  a  deficient  rainfall  epidemic  diphtheria  is 
either  absent  or  but  slight." 

It  has  often  l)een  pointed  out  that  local  soil  conditions  causing 
dam})ness  of  habitations  even  in  dr\"  years,  such  dampness,  for  instance, 
as  obtains  in  houses  built  over  wet  impervious  clays,  conduce  to  out- 
breaks of  diphtheria  in  the  dwellers  therein  ;  but,  as  is  well  known,  such 
dampness  acts  as  a  very  important  depressant  of  the  vital  forces,  and 
prepares  the  nuieoiis  membranes  of  the  respiratory  tract  for  the  favor- 
able reception  of  sjx^cific  organisms  of  various  kinds. 

Malaria. — It  has  ever  been  held  that  the  most  intimate  relation 
exists  betwwn  the  soil  and  malaria,  especially  prominent  in  districts 
abounding  in  marsh  lands.  It  has  l)een  noticed  repeatedly  that  in 
malarious  countries  the  upturning  and  excavation  of  wet  or  damp  soil 
are  commonly  follow(Hl  })y  the  occurrence  of  the  disease  among  the 
laborers  so  engaged  ;  that  infection  is  more  common  among  those  who 
go  al)out  at  nii^ht,  and  especially  among  those  who  sleep  out-of-doors; 
and  that  the  draining  of  marsh  lands  is  often  followed  by  the  disap- 
pearance of  the  disease.  All  of  these  facts  are  compatible  with  the 
theory  of  tnmsmission  l)y  mo.^quitoes,  and  it  is  now  accepted  generally 
that  malaria  is  connected  with  soil  conditions  only  in  so  far  as  the 
latter  })ermit  the  breeding  of  the  specific  mosquitoes.  (See  Chapter 
XII.) 

Yellow  Fever. — There  is  no  evidence  of  connection  between  the 
soil  and  outbreaks  of  yellow  fever,  although  for  many  years  such  ^ 
relation  was  assumed  to  exist.  The  work  of  American  investigators 
hjis  proved  this  disease,  also,  to  be  moscjui to-borne. 
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Tetanus  and  Malignant  CEdema. — It  is  well  kntnvn  that  tlie 
|<ilganism8  of  tlie*?e  two  dist.'aties  are  found  very  common ly  in  most 
gardeti  &nils^  in  roatl  dust,  and  in  soil  in  j^em^nd  \vlii*^h  has  been  tm- 
rirh<^l  by  the  adthtinn  <it  th-cuiajMisin*^  or^fanU"  matter,  Hni  In  sjiile 
of  the  fart  that  «j|)[M>rtmiity  i'nr  hife«'ti<ai  through  ahrasiuns,  euts,  antl 
wounds  of  the  hands,  teet,  ami  other  jjarts  is  a  matter  of  daily  (K-eiir- 
reiice  with  a  IarjLr<^  [m^jmrtion  of  the  ]>w)pks  the^^e  disejises  aiv  eonipam- 
tively  uoeommon.  They  an_*  notieni  most  c*oni  rutin  ly  in  eases  nf  severe 
injuries,  sneli  as  ef>injMJun<l  fitieturt^,  and  in  shattering  wuunds  due  tit 
explosives.  Acconlio|^  to  snnie  authorities  inoeulatiun  of  spares  alone 
is  without  effect. 

An  unii&ual  mnnher  of  eases  of  tetanus  is  nt^tieeil  in  variuus  locali- 
ties in  this  count n'  after  every  annual  eelel^nition  of  Independence 
Day,  due  chiefly  to  wtainds  eau-siKl  by  cannfin-erackers  and  blank  eiir- 
tridges  tired  in  toy  pistols.  In  1903,  tor  example,  there  were  in  the 
eountr}'  at  large,  acconling  to  statistics  conipik^l  by  the  Journal  of  fhe 
Amet^icfin  ^ft^llrai  Asmrialltm,  no  fewer  than  41/)  cases  of  tetanus 
fr*»ra  these  injuriO^,  In  UJ04  tlic  number  re|iort<'d  fell  to  105,  Kx- 
anvination  of  cannon-eraekers  by  Dr.  Harold  Walker  and  of  lilank 
cartridges  by  Dr.  H.  Ti.  Wells  for  tetanus  organisms  have  yielded 
negJitive  resuks,  and  it  is  probaljle  that  infection  is  (bie  to  orgtinismj^ 
already  rm  the  hand  of  the  celebmnt  when  die  aceident  occurs. 

Anthrax. — The  bacillus  oY  anthrax  has  Ix'en  found  in  the  soil  of 
pastun^s  in  which  inteeted  animals  have  Invn  e<nitincH],  and  it  was  thought 
at  one  time  that,  Ibllowing  the  hnr>'ing  of  animals  dead  with  the  discyise^ 
the  i«*»il  couhl  be  inbH*trd  thoroughly  thrcnigh  spore  tbrmation,  tlie  spores 
being  bn)nght  to  thc^  surface  by  earthworms,  there  to  br  da'  cause  of 
fresh  iuiVvtions.  Now,  however,  this  view  is  reganh^i  as  untenable, 
fiinee  the  sjxires  are  not  formed  within  the  putrefying  earc;iss,  and 
the  baeilhis  itself  is  stjon  destroyed  in  the  pnxM?ss  of  decomp<*siti4>n 
of  the  tissuts.  Thus  when  a  IxkK'  is  lairiiil,  the  orguuisins  are 
mujit  ii^ndertHl  intajmlde  ui'  rejvrodudiou  or  of  continning  their  own 
ejcii?teDee. 

The  theor)'  that  the  H]Kirt^s  arc  brtaight  to  the  surface  l>y  burrowing 
eairth worms,  was  demolishitl  by  Koch/'  whose  conelusimis  were  base*J 
uptm  dirc4't  cx|R'riment,  and  was  abandoned  by  Pasteur  himself,  who 
first  suggesteil  it  bewjusc  of  find iug  spores  in  the  suiHuiicial  layer  of  soil 
at  a  spot  where,  two  years  previously,  a  oow,  dead  of  the  ilisease,  liad 
been  buried  at  a  ile]>th  of  over  two  metei-St  i»  dei>tb  not  onlinarily 
renche<l  by  earthworms  in  their  burrowing. 

Therelbre,  It  seems  most  likely  that  fresh  outbreaks  among  cattle 
grazing  (»n  tields  where  others  have  dietl  and  liave  been  buried  are  due 
not  to  the  burieil  organisnif^,  but  to  those  which  in  one  way  or  an- 
other, frtjni  the  bliMKl  t>r  dejecta  of  former  eases,  have  Wen  (h^jvosile<l 
on  the  surface.  We  have  no  evidence  whatever  that  man  is  even 
occasionally  infected  directly  with  the  disease-  fnuu  the  soil. 

1  MfMlk^al  Nt'W8,  June  I,  11KH,  i..  854. 

'  Mittheilungen  atis  <Jeni  kaist^rlicbeii  Gesuniiheittsamtc,  18S1. 
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TTncinanasis. — ^Tbt^  disease  which  standi  forth  pre-eminently  u 
triio  H.>il-d iseii.se,  eonoeruing  whose  etiology  there  k  no  dispuii^,  i^ 

<^iimriasis  nr  hm^k-worm  dii^tfiiser  known  also  jvs  ankylostofom^is, 
aiTseniiJi,    lii'ifk makers*   disease,    P^^^yptian    chlorosis,    and  St.  (i 
tomiel  dist^ise\      It  was  tirst  hmtight   to  luililie  notit.^*  in  187^  hjr 
roocito.  who  investigated  the  epidemic  which  <HX'urred  among  the 
men  engjigiH]   in   driving  the  8t.  Gothanl   tnnnel,  and  dii^Wi 
<*aMs<:  c*r  the  profimiid  anaemia  to  l>c  the  pinisite  Ankyh^omnm 
tuih^  whi<'li  is  a  worm  about   half  an  inch   in   lengthy  whioh  at< 
itself,  soraetiraes  in  enormous  numlx'rs,  to  the  villi  of  the  u|n»er  |i 
of  tlie  small  intestine,  tluvmgh  which  a  constant  drain  lis  luade  oo 
blood.      Not  until   recent  years,  htiwever,  has  tlie  disease  attracted 
attention  that  its  inifmrtancc  flcserv«>.,  althongh  it  Ims  long  Ikth  kwi 
to  be   very   prevalent  in  Bra>?il,   Eg}'pt,   India,  ant!  varions  pfirtfi 
Euro{>e,  and  e<s[>ecially  in  mining  districts  and  briekfiehls,  whenw 
names  **  miners'  anaemia"  and  **  brit'kmakers'  disease,*'      In  lOOn, 
Jiiiley  K.  Ashfcinl  ^  made  known   it.s  |>resenee  in  the  West  Indi*!S 
liruught   it    t(»  notice  as  the  cause*  of  the  tro[>ieal  ana?niia,  wbich, 
Porto  Kieoj  causes  great  misery  antl  an  enormous  deiith-rate ;  ami 
WHVl,  Dr.  Charles  Wardell  Stiles'"^  announced  that,  in  some  \wt\^ 
ithe  South,  it  is  the  most  e^rmmoii  disease  of  man,  and  that  it  is  tm 
jirevalent  on  the  fanus  and  plantations  of  the  sand  district  than  iu 
mining  districts.     Stiles  disci>vere<l   that,  in  this  country,  it  is  due 
a  species  of  aukylostnmum,  not  before  dcseril>ed  and   not  found  in 
Old  World,  which  differs  in  some  im}K>rtant  respects  from  Am 
mutm  duodena k  (Unvhiaria  dtiodrnadu),  but  produces  tlie  same  effc 
This   parasite   he    natntd    (itrhittrla    Amfrletttio,     Shortly   after  tJ 
annoinicement  by  Stiles,  Harris^  rejMmcd  that  a  stndy  of  malaria  i 
S<)Uthern  (Tcorgiu  and   Florida*  in  a  region  where  prc^found  anainiiaiP 
most  common,  provtxl  that,   instead  of  malaria,  he  liad   (•>  deal  witli 
nut  innriasis,  the  sufferers  showing  generally  no  malaria   parastt 
l>eing  almost  invariably  infested  with  hook-worms.      In  UMKt,  .\- 
and  King*  declari^Hl  uneinariasis  to  be  the  great  scourge  of  fully  1*^' p^| 
cent,  of  the  agricultural  laboring  classes   (alM>ut  fiOO,i>Oi!  ptTsonj?)  w^ 
Porto  Rico.      As  an  indii-tition  of  its   [jrevalenee  in   the  South,  tbc  «'^' 
perienee  of  Dr.    L.  M.  WarfieltP   is  of  grmt  interest.      He  exjimim^l 
60  boys,  inmates  of  an  orphanage  near  Savannah,  and  found  ilrat  n"' 
fewer  tlmn  48  w^ere  iiifcstt^l,      Dr,  Claude    A.   Smith ,•  sjieaking  ^^^    \ 
its  pR^valenee  in   the   Soiitli,    sjvvs :    **  It   seems  as  thongh   the  entiri'    ' 
country  wns  literally  siitumteil  with   it      It   is  found  on  the  hiifhlarK^ 
as  well  as  ou  the  lowlands,  and  on  the  mountains  as  well  as  on  tb** 
seaboaix].'* 


»  New  York  Metliail  Jaumal,  April  14,  IWO. 

•  I*ublic  Hvalth  R^-purtn,  Otia>pr  24,  1902, 

•  Aineriran  XMioine,  November  h%  1902. 

•  Ibidem,  8t» I »teml>er  f>,  VMrS. 

•  ll>Wem,  Januarj'  9,  IHOI. 

•  Joamat  of  the  American  Medical  A»«OL'tation,  August  27,  1004. 
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Within  recent  years  the  <ltse:ise  hns  been  ffHincl  to  exist  in  many 
part.'^  of  Eun»jw3  (Eng!an<],  Ik^lgiiim,  Hiiii^'urv,  (iernuuiy),  where  its 
j>n»siinee  never  before  was  sns{>ect<'(l,  l)iit  the  vietiiiis  have  lieen  chiefly 
mioerf*,  and  the  ilisea.se  has  Ijeeii  regaaled  n^  peeiiliar  to  roul-niiuiiig 
and  other  uudergmiind  oeeufvations,  Tlie  fact  tliut  this  is  no  Diore  the 
case  in  Euntpe  tlian  in  tins  I'fUintry  is  shown  Uy  the  obsen^ations  of 
the  Drs.  Iberer/  whn  exainiueil  large  iiutnbers  of  peasant  lads,  who 
never  had  workfil  in  the  mini>,  but  who,  nevertheless,  yiehled  in  many 
iii:?tances  large  numbers  of  the  panLsitet?,  which  fact  leads  to  the  eon- 
clusioti  that  the  discuse  is  endemic  on  the  farms.  Many  of  these 
young  men  after  an  alisem^e  of  ;1  years,  diiriiig  whiefj  time  ttiey  were 
doing  military  service,  were  found  to  In-  still  infesttnl  ;  l>ut  they  had, 
nevertheic^,  suffcreil  in  no  way  in  (*ot»st queues.  Of  the  miners  ex- 
amined, no  IcsiS  than  94  per  cent,  yiehled  the  parasites,  and  yet  no 
more  than  one-foiiith  were  even  temporarily  inciipaeitated. 

So  long  ago  as  IS*)"!  the  rlisease  was  dcelarcxl  by  TliornhilP  to  l>e 
far  more  serioas  in  India,  Assam,  ami  Ceylon  tlian  cboleraj  on  aeeount 
of  the  vast  nund>er  of  jxHij>le  ulft^^teil  and  the  aggregate  direi*t  and  in- 
direct mortality.  He  wdlctl  attention  to  the  faet  that,  instead  of  imein- 
ariasis,  anaemia,  del>i!ity,  dropsy,  nialarial  oaehexia,  antl  diarrhoea  were 
^ven  as  diagnoses,  Tliis  is  of  e,*ej>t'i"ial  interest  when  we  read  tliat,  in 
the  distriet  stuilied  hy  hini,  Harris  has  shown  that  most  eases  of  malaria 
prove  to  be  uneinaria^^is*  The  disease  is  essentially  one  of  the  fioor, 
and  it?  spread  i^  due  to  the  habit  nf  discharging  Ytsics  upon  the  stirfaee 
of  the  ground.  The  i^gii;s  of  the  fiarasitc  are  proflneed  in  great  nnnd>erg 
aiiu  escape  with  the  ii-ees.  l>(*p<isitetl  on  moist  soil,  tliey  hatch  in 
about  24  hours,  and  the  embryos,  after  twice  shedding  their  ^kin,  are 
ready  in  from  4  to  5  weeks  to  infest  man.  Baker*  accounts  for  the 
prevaJenee  of  t!ie  disease  by  the  habits  of  the  peoj>le  where  it  is  most 
common.  Tljcy  live  without  rcgsml  tu  onliuary  sanitati<m  ;  they  are 
dirty  in  their  habits  ;  they  tlisriiarge  their  fecH-'s  wiierever  they  happen 
tt>  be  ;  they  eat  with  dirty  hands,  and  often  eat  the  dirt  itself.  Ash- 
ibnl  and  King  .say  that,  in  the  parts  of  Porto  Rico  where  the  disease 
prevails,  there  are  praetienlly  no  privy  vaults,  an*I  a  hit  of  soil  as  large 
as  a  pen  may  contain  as  many  as  oO  larvie. 

While  it  is  generally  aecept<'d  that  the  chief  portal  of  infection  is 
the  mouth,  to  which  tlie  [janisites  are  conveyed  on  fcHxI  eontaminatetl 
by  dirty  lingers  or  by  dirty  dishes,  or  on  nnwasheil  vegetables  or  fruits 
likely  to  \ye  spatten^l  with  nuid,  or  perhaps  in  mudcly  watiT,  there 
apix^i"?*  to  l»e  groiuid  f>r  tlte  lielief  that  a  large  jrroporti^iri  of  eases  are 
due  to  in  feet  if  ui  of  the  skin.  The  tirst  to  assert  that  the  parasites  can 
reach  the  intestine  thrtaigh  tlie  skin  was  Looss,*  w^ho  rnhlied   the  larvse 


*  Miiruvbt'iier  medioinische  Woclrt^nschrifU  l*JO:^,  No.  22*  p.  992. 

*  British  MtMliciil  Journal.  March  28,  imr.l 

*  C«ntralbktt   fur  Baktt^riolugie^  etc,,  1  Abt.  XX1X-,  p.  733 ;   XXXllL,  Orig,, 
p330 
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into  the  backs  of  puppies  and  later  found  that  the  animals 
the  parasites  within  their  intestines. 

Boycott  and  Haldane  ^  believe  that  infection  can  occur  throng 
skin,  and  Smith  *  appears  to  have  proved  it.  He  bound  some 
containing  4-day-old  larvae  to  a  man's  wrist  and  allowed  it  to 
in  contact  for  1  hour.  Almost  at  once  the  spot  began  to  iteh 
tingle.  The  stools,  which  were  examined  at  the  time  with 
results,  were  examined  twice  each  week  thereafter  and  continued  to 
normal  until  the  middle  of  the  seventh  week,  when  ^gs  began 
appear.  In  a  prior  communication  ^  he  asserted  that  ground-itdi  isth 
most  common  disease  in  the  South,  due  to  the  habit  of  going  baiefiNkj 
and  Warfield  *  states  that  of  the  48  boys  in  whom  he  found  the  pOp 
site,  45  gave  a  history  of  ground-itch.  Warfield  suggests,  howisva^ 
that  the  way  in  which  the  patients  with  ground-itch  become  infeetoi 
internally  is  very  simple :  that  they  scratch  their  feet  and  break  Ae 
vesicles  and  thus  get  the  embryos  on  their  fingers,  by  which  th^an 
conveyed  to  the  mouth.  But,  however  it  happens,  the  infectiif 
material  comes  from  the  soil.  Nicholson  and  Rankin,*  also,  are  of  tbt 
opinion  that  ground-itch  is  the  most  important  factor  in  tbe  tranaiw* 
sion  of  uncinariasis.  They  have  noted  that  where  there  is  no  gromul' 
itch  there  is  little  or  no  uncinariasis,  and  that  where  one  is  commoD) 
the  other  is  also.  Nearly  every  one  of  a  large  number  of  cases  stodiel 
by  them  gave  a  history  of  ground-itch. 

The  principal  measure  of  prophylaxis  is,  naturally,  the  disomtintt- 
ance  of  the  practice  of  polluting  the  sur£aoe  of  the  ground ;  but  it  ii 
difficult  in  all  countries  to  persuade  those  who  have  never  been  acwB* 
tomed  thereto  to  use  latrines  of  any  kind.  In  a  privy-vault, 
embryos,  which  cannot  live  without  air,  will  speedily  die.  They  a»  ] 
destroyed  also  by  freezing  and  by  complete  drying,  but  soil  which  ii 
apparently  dry  often  contains  considerable  moisture.  Other  prevaitivf 
measures,  which  are  so  obvious  as  hardly  to  need  mention,  include  the 
wearing  of  shoes,  the  observance  of  personal  cleanliness,  especially  rf 
the  hands,  and  discoumgenient  of  the  habit  of  dirt-eating. 

Gk)itre. — The  various  theories  connecting  individual  constituents  of 
the  soil  with  goitre  have  now  been  well-nigh  universally  abandoned^ 
since  no  one  of  them  has  bi»e»  found  to  hold  good  in  different  localities 
having  the  same  genenil  soil  cliara(;teristics.  Thus,  the  magneeian 
limestone  theory,  which  in  some  quarters  is  still  in  fav^or,  can  hardly 
stand  in  the  face  of  the  fact  that,  in  some  vast  tracts  of  such  formation, 
as  in  parts  of  New  Zealand,  for  instance,  the  disease  is  practically 
unknown.  Similarly,  the  metallic  sulphides  escape  conviction,  for  in 
<listricts  where  they  abound  extensively,  the  disease  may  be  absent,  and 
in  others  where  they  are  unknown  it  may  prevail. 

^  Joumal  of  Tn)pical  Hygiene,  Januai-y  1,  1003. 

'  Journal  of  the  American  Medical  Association,  August  27,  1904, 

*  Ibidem,  September  19,  1903. 

*  Lkx'.  cit. 

*  Medical  News,  November  19,  1904. 
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''Xpideinic  Diarrhoea. — The  great  prevalence  of  diarrhoeal  diseases, 
'  lly  among  very  young  children,  during  the  hotter  months  of  the 
r,  hat*  long  engaged  the  attention  of  sanitarians  as  a  tremendous 
in  the  always  high  death-rate  of  the  first  age  periods ;  but  be- 
the  obsenance  of  a  few  coincidences,  no  connection  has  been 
d  to  exist  between  it  and  the  soiL 
^^In  tlie  investigation  of  milk  supplies  in  single  cases  and  in  groups 
f  cases  in  single  households  and  in  institutions,  various  very  virulent 
flpuiidms,  including  B.  ententidM  sporogmes,  have  been  found,  and 
k  IB  not  unlikely  that  the  infective  agent,  whatever  its  origin,  owes 
pidi  of  its  dissemination  to  being  blown  about  in  the  dust  of  the  air. 
IhBervations  made  by  Drs.  Hope,  Newsholme,  and  others  indicate  that 
iiminy  summers,  when  the  dust  is  kept  down,  the  incidence  of  diar- 
boBa  &lls  notably,  and  in  unusually  dry  summers  it  shows  a  corre- 
pmding  rise. 

Examination  of  Soils. 

The  complete  examination  of  a  soil  includes  chemical,  physical,  and 
bMteriological  determinations,  but  inasmuch  as  the  chemical  analysis, 
Iq^mid  the  estimation  of  water  and  organic  matter,  is  of  no  especial 
infeeiest  to  the  sanitarian,  though  of  great  importance  to  the  agricul- 
teil  chemist,  we  shall,  with  the  exceptions  noted,  confine  ourselves  to 
tte  processes  involved  in  the  physical  and  bacteriological  tests. 

In  taking  samples,  a  place  should  be  selected  which  fairly  represents 
Ae  locality,  and  under  some  circumstances  a  number  of  specimens 
Aonld  be  obtained.  These  may  or  may  not  be  mixed  and  treated 
« one.  About  two  pounds  of  the  soil  may  be  broken  up  by  being 
.)MBed  through  a  coarse  sieve,  then  spread  out  and  left  for  one  or 
'■  Kveral  days  exposed  to  the  air,  and  to  that  extent  drie<l.  To  deter- 
•ine  the  relative  proportion  of  the  grains  of  different  sizes,  a  weighed 
iiDoant  of  the  sample  is  now  passed  through  a  series  of  sieves  of  vary- 
ing coarsene^p,  made  of  metal  or  porcelain  with  circular  open  spaces, 
wBch  in  each  sieve  are  of  uniform  diameter.  Those  used  by  the 
Oerman  scientists  have  openings  respe<?tively  J,  1 ,  2,  4,  and  7  mm.  in 
4iineter,  by  means  of  which  a  specimen  is  separated  into  grains  of  less 
ftin  J,  from  ^  to  1 ,  from  1  to  2,  from  2  to  4,  from  4  to  7,  and  over  7 
Bua.  in  diameter.  Other  sized  openings  may  l>e  used,  but  these  fulfil 
■fl  requirements.  The  specimen  is  passed  first  through  the  coarsest  of 
fteset,  and  then,  in  order,  down  to  the  finest.  If  the  particles  adhere 
■finly,  the  separation  is  done  best  with  the  assistance  of  water ;  and 
•hoald  it  be  necessarj',  a  pestle  covered  at  the  working  end  with  rub- 
w  may  also  be  employed.  The  separate  jxirts  are  then  dried  and 
*«ghed,  and  their  respective  amounts  expressed  in  |x?rcentnges  of  the 
whole. 

The  finest  particles,  that  is,  those  of  less  than  J  mm.,  may  be  se|xirated 
^1  fiirther  by  the  process  of  washing  in  an  elutriating  apparatus,  of 
wbich  there  are  several  kinds,  none  of  which,  however,  gives  results 
ttat  are  more  than  approximately  accurate,   since  so  many  different 
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forces  and  foiiditiuns  ^.-uino  intri  pl;iv  to  itiHiienci*  tho  prooes**.  With 
some,  the  Fcparalioii  is  eftert^nJ  !>y  causing  tlie  jKirtif'le^s  to  settle  down- 
ward  tlirfiiisih  a  volimip  of  \vatri%  tin*  heaviest  oin's  reaching  (thi^»n*l- 
ieally,  hut  uut  whiilly  in  practice)  the  iHittoni  Hrst^  and  the  lightest 
settliag  out  lust  or  remaiidui^  a  Uhv^  time  in  suspension. 

An  apparatus  <jf  tliis  sorl  is  t»lio\vn  in  Fi^.  IH,  which  retjuires  no 
explniiJjtioii,  Another,  known  its  Kriop*s  silt  evliiider,  is  shown  in 
Fig.  10.  This  is  a  cylinder  i-arrying  lateral  tubes  titled  with  >tope<j<*ks, 
situatetl  at  e([yal  distances  (It)  em,)  a|)art,  Tlie  sample  is  placed  in 
the  cylinder,  which  is  then  filled  with  water  and  well  shaken.  After  a 
given  time  the  upj>er  stojx'oek  is  tjpenetl  and  the  water  above  it  is  dni\\'ii 
off.     Then   after   tlie   lapse  of  another   interval*  the  second  is  ojjened, 
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Knops  61  It  cynnder. 


App«rfitiii9  fftr  ^p«ratlon  of  fhu  iiflrticle*  of  goU, 

and  next,  in  the  same  way,  the  third.  The  process  is  repeated  until 
the  wash  water  crimes  away  clear,  then  the  lowest  tuln'  is  o|*i*nttI,  an«l 
the  rest  of  the  water  above  the  rc^nxaioing  material  dniwn  off.  The 
diil'erent  portions  may  then  be  eollet^ted^  drial,  and  weigheil,  and  tlieir 
relati%'e  jiropirtions  expressal  as  be*fore  in  pereentiigi*s.  Or  the  residue 
may  be  drie<l  and  weighed  and  the  remainder  estimate*!  by  difference. 

By  another  mcthiKl,  the  washing  is  earrie<l  out  by  mams  of  an  U[>- 
ward  flow  of  water  in  a  eoniciil  vessel,  at  the  bottom  of  wliich  tlte 
jianiple  is  plact^l.  The  water,  delivei^d  throngh  a  tnlie  reaching  to 
near  the  botttim  of  the  vessel,  carries  tlie  lighter  finer  particles  upward 
and  i»nt  through  the  exit  tulie  near  the  top.  8uch  an  ap|Mmtns,  known 
as  S<4mUzV,  is  shown  in  Fig.  20. 

Pore-volume. — The  pore-vohime  is  determine<l  very  simply  by 
adding  to  a  volume  of  water  in  a  graduated  cylinder  a  known  volume 


Fig.  20. 


snil  in  the  ilrv  sUite,  iiml  iu\i\n^  the  liei^lit  to  which  the  wat^r 
nses.  if,  for  instiuicf',  Uy  a  liter  jar  fMntaiiiing  water  np  to  the 
500  ec.  mark,  we  aclcl  500  <x?.  of  ihniHl  noil 
iu  a^s  Tidirly  us  pnR«i}»h*  lis  natunil  stiite  of 
C5omji4ietnes8,  uii*l  observe  that  the  level  iif 
the  water  is  in  con!^tH|ueiiee  niisfHl  ta  the 
850  cc.  mark,  it  foiltnvs  that  tlie  iiien'ase, 
350  oe-,  repn^sents  the  aetiial  hulk  of  the 
sr>il  ^niins,  a  ml  tliat  the  (iitfereucr  lietwet^ii 
this  ami  the  vohiine  iieeii[Metl  originally  Uy 
the  sample  (500  e<?, ),  that  is  to  say,  150  ct\, 
n?i>ro^iits  the  amount  iti'  interstitial  s|>act^ 
filled  witli  air.  Tlien,  since  500  cc.  of  5oiI 
contains  150  ee.  of  air  space,  it  follows 
that  the  pt^n^-v^uhime  of  the  sample  is  j:* 
ill  the  equation  500  :  150  :  :  100  :  x,  or  30 
jier  cent* 

Id  onler  to  a]>proximate  mon*  closely  the 
natural  cornliti«tn  of  eoiupactness,  the  sample 
may  l*e  taken  iVom  the  soil  by  means  of  a 
metallic  cylinder  with  a  cntting  edge.  It 
i^  then  dried  in  order  to  ex^x^l  the  coutaiiietl  ^^buiu-i  elutriating  apparatuB. 
water,  which  otljerwise  would  eonstitute  a 
js^ource  of  error,  and  is  then  adde<l  tfi  the  water  in  the  liter  jar  as  Vicfore. 

Permeability  to  Air.— l*ernieal)ility  U}  air  may  be  determined  by 
fiircing  mea>nre<l  volumes  of  air  omler  constant  pressure  through  a 
cylinder  closely  packed  with  the  siiniplc,  and  n<jting  the  amount  %vhich 
is  deliv'crt^l  dnring  any  given  unit  of  time.  In  making  comparison 
te^ts  between  ditferent  soils,  the  same  ccmrliticKus  must  be  *ibservwl  in 
e%^er)^  csise ;  that  is  to  say,  the  length  of  the  column  of  soil  in  the  cyl- 
inder, the  pressure  employed,  and  the  unit  af  time.  A  still  farther 
comlitiou  whic*h  sliouhl  br  observ«:il,  Imt  which  is  commonly  disre- 
ganlcrl,  is  tlie  tcmjM/nitnre  of  the  air,  for,  as  is  the  esise  with  liquids, 
the  viscosity  of  gases  varit^  with  changr^s  in  tcmperatnre,  though  not 
in  the  same  directi<m.  The  viscosity  of  lifpiids  is  increased  with  dimin- 
i^hcfl  tcnijK'niture,  whereas  in  the  case  of  gases  the  reverse  is  true, 
r>isreganl  of  this  fact  leads  to  important  ilegrcn^^  of  error. 

The  apiKU-atus  for  this  determination,  shown  in  Fig.  21,  comprii^os 
a  gas-holder  (J),  a  g;is-met<T  (B),  and  a  cylinder  {C)  provideil  with  a 
manometer  (D).  F<ir  tlie  pur|>osc  of  kce|iing  the  soil  in  fKtsition,, 
tightly  fitting  perfomted  <li>ks  {A' and  /')  of  met:  d  lie  gauze  are  intro-- 
duced  into  the  cylinder  at  botli  *'nds  of  the  eolomn  of  soil. 

In  the  preparation  of  the  cylinder,  the  tlisk  F  is  first  introduced^  and 
then  the  soil  is  added  a  lilyfcle  at  a  time,  and  made  as  compact  as  pos- 
sible by  striking  the  lower  end  id'  the  *-ylinder  downwanl  with  reason- 
able force  ag^tinst  the  tal>le.  ^\'hen  the  desired  lertgth  <d"  column  has 
been  reaeheti,  tlie  disk  E  is  intRMhu-ed,  iK-fwr^m  which  and  the  inlet 
ent?  ((y\  :m  air  space  of  iiufficieut  size  is  left  to  insure  uniform  pressure 
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agaiu8t  the  entire  niirfat'e  of  th<'  flisk.  The  inlet  eud  is  elosed  l>v 
means  ni'  n  ti^ht)y  Httiug  nihlMT  stopper  hii%'ing  two  perforations,  one 
of  whi*-li  carries  the  inlet  tulx*  from  the  i^nis-meter,  and  the  utlier  the 
I  nanometer  indiratin^  the  pn\ssiire  eni|)loyed. 

The  jiressiin/  is  ohtsiined  hy  nieans  of  a  e<ihmin  of  water  eoinniuni- 
cating  witli  the  ehamlier  of  the  fjas-holder,  whieli  is  eonne<;teil  liv  a 
rubber  tuln?  with  tlu^  inlet  of  the  meter ;  and  it  is  regulated  by  a  screw 

FiQ.  2L 


Apparatui  for  determination  of  perrat'jibilUy  of  soil  to  air. 

pinchcock  on  the  outlet  tube  of  the  latter.  The  force  in  applied,  the 
reading  of  the  meter  h  notcni,  and  at  the  expiration  of  the  nnit  of  time, 
one,  five,  or  whatever  number  of  minutes  it  may  Ik*,  the  reading  of  the 
meter  is  taken  again. 

Permeability  to  Water. — Tlie  permeability  of  a  soil  t^i  w^ter 
exprei^stHJ   in   terms  indicating  the  amount  of   water  w4u*ch   will   po^s 
from  above  downward  through  a  ctjlumn  of  sjitiirated  soil  during  any 
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"^Tven  unit  of  time  under  ii  f^ivni  presHiirt'.  The  apparatus  for  tliiA 
determination,  shnwn  in  Fig,  22.  ron Blasts  of  a  metiillie  cvlimier  (^1) 
with  a  perforat^ii  <>r  gauze  hottoni  on  which  th<'  sjimple  of  H>il  is  packed 
doscly,  and  anotbnr  cylitifler  (/>*),  likewise  of  ini'ta!,  providc^I  with  a 
iiiiraber  of  outlet  tiibi's  (c),  at  regular  intervals,  preferably  of  5  or 
10  cm*  The  l<»wer  end  <if  B  tits  tightly  iutu  tlie  upi>er  end  t»f  .t,  and 
the  joint  iia  made  ini[H'rvious  to  water  by  meiin&  of  adhesive  jilaKter, 
s*^lnig-wax,  or  other  suitabk*  materiab  The  soil  within  the  lower 
cylinder  is  kept  in  place,  and  its  surface  kept  intact,  by  means^  of  a 
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Api^iraius  fur  dtitt.rniiiuitiun  'jf  yaerraeability  ursoU  in  wau^r. 

sujjerinipof^  dihk  of  gauze  or  ct>arse  cloth.  The  *  outlet  tubes,  provid*:*d 
with  coc^ks,  serve  to  niaiotain  a  constant  level,  luid,  therefore,  a  constant 
prciMiurc  of  water  as  desirt^nl.  Water  is  admitteil  in  a  constant  stream 
to  the  cylinder  through  its  up|>er  end,  l>y  means  of  a  rul)lxT  tube  cou- 
oected  witli  a  water  faucet  If  it  l>e  de^sired  to  employ  the  highest 
presr'ure  obtiinablc  with  the  apparatus,  all  the  corks  of  the  outlet  tubes, 
except  the  upjR^r  one,  are  kept  in  place*  In  this  t^ase,  the  pressure 
would  l>e  expre^^se^l  iiy  the  <Iistauce  l>etwcen  the  top  nf  the  soil  under 
investigation  and  the  upiKi-niost  outlet,  through  which   the  excess  of 
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watx-T  frnm  the  faiiect  h  albiwinl  to  fj^iiipe,  hy  way  c»f  t\  rubber  tul^e 
Inuling  to  u  sink.  Sinriliirly,  any  iitlu^r  lu^itrtit  and  prei>.surc  may  Ik? 
eniiiloycil  by  removing  the  cnrk  of  the  etirri'.^pnidinp;  outlet,  whk-h 
thus  becomes  the  effliirnt.  WMiat^ver  the  height  maintaineil,  it  ii^ 
TKH't^sary  to  keep  the  tlelivery  end  of  tlie  irdet  tube  bt*low  the  surfaet* 
of  tlie  water 

The  proeess  is  as  follows  :  Having  eliosen  the  pi't^surc  and  adjiij^tetl 
the  waste  tube  to  the  prfipT  outlet,  the  water  is  alhnved  to  run  in  and 
fin'ee  its  way  down  through  tlie  soil  until  the  latter  U^efjuies  sHtunittHl. 
In  order  to  insure  eiiiu|ih/tr'  saturation,  it  is  best,  liowever,  to  ijumerse 
the  soil  eyliniler,  in  order  that  all  tlie  air  may  thereby  l)e  displaced 
upward.  When  this  has  been  aceoniplislied  and  wattT  begins  to  mil 
or  drip  through  the  giuize  bott^mi,  the  time  is  nottNl,  and  the  tlisebarged 
water  is  reeeived  In  a  suitable  graduate^  At  the  ex[*initiou  of  the  unit 
of  ttrne,  the  latter  is  reiuoveil  and  its  eontents  au^asurcxl.  Tlie  ex|>eri- 
nient  may  be  refjeated  as  ^«ften  as  may  stn-m  advisable,  and  the  eflectn 
of  varying  firessures  may  also  l>e  dettTminetl. 

Water  Capacity. — ^The  p*wer  to  ht4d  water  is  determined  by 
means  of  a  metallie  eylintler  of  known  ea[iaeity  with  a  gjiuze  b<»ttom. 
This  is  weiglKMly  then  tilled  with  the  tlried  sample,  and  agjiin  weighed. 
The  Boil  next  is  saturated  completely  by  biniersion  of  the  cylinder 
in  w*ater,  and  then  it  is  allowed  to  drain  as  long  as  water  anitinues  to 
eseaiR\  When  the  water  ceases  to  dniin  away,  the  cylinder  is  wipetl 
dry  outside,  and  the  weight  of  the  whole  i.s  t^ikeu  again*  The  increase 
in  weight  is  the  amount  of  water  retained,  antl  it  may  l>e  stated  in 
pereeutage  (*f  the  [h) re-volume,  which  should  have  been  determined 
jireviously. 

Capillarity. — The  height  to  which  water  will  rise  in  a  e<»lumn  *tf 
soil  by  capillary  attraction  is  de{ermine*l  hy  packing  the  sample  tightly 
into  a  graduated  glass  tube*  the  lower  ofien  end  of  which  is  eovere<l 
with  coarse  linen  tied  sec^urely  on,  ri  as  not  to  slip.  The  tul>e  is  suj>* 
pa-ted  with  its  cloth-eovere<l  end  resting  in  a  shalhiw  dish  lilleil  with 
water,  wliieli  is  kept  at  constant  lexvh  The  height  to  which  the  water 
rises  through  the  column  of  soil  is  noted  from  time  to  time,  until  ascent 
cerises.  The  change  in  the  color  of  the  soil^  due  to  wetting,  indicates 
the  progress  of  the  action. 

Moisture. — Tlie  amount  of  moisture  in  a  soil  is  determined  most 
act^urately  by  taking  a  siample  in  its  natural  condition,  by  means  of  a 
brass  cylinder  with  a  cutting  edi^e^  weighing  a  portion  of  it,  and  then 
drying  it  in  an  air  Imth  at  10;j*^  C,  until  it  ceiises  to  loi^e  weiglit. 
The  diiference  lietwtH^n  the  original  and  tiual  weigliings  repre<t^nt>  tlic 
amount  of  water  in  the  given  weight  oi'  stal.  If  it  is  desired  to  know 
the  amount  of  water  which  the  same  soil  will  absorb  from  a  saturatt^l 
atm<isphere,  the  thoroughly  dry^  sample  may  next  be  placet!  with  a  di>li 
of  water  under  a  Ix'll -glass.  The  continnl  air  will  Inx'onK*  satiinit<Ml 
with  acpie(ms  vapor  in  a  short  time,  antl  this  will  be  absdrbiHl  by  tlu* 
soil  up  to  the  limit  of  its  capacity,  which  is  shown  when  its  weight  ni> 
longer  coDtinucB  to  increase. 
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B?liypro*5Cfi]»U'  iimistiire  *>f  a   soil    nuiy  Ik*  fletorminrd  roughly  hy 

Jn'in^  a  ?NniM|ili'  ami  ihim  tukintr  a  knawn  weiglit  oj"  it  mul  lientiiit^ 

an  air-bath  at  lO-'i^  C» ;  or  l»y  i'X]j<K^inj^  it  to  a  dry'  utniosjilicrt'  in 

pH-^Ias8  I'fintainint!^  an   ojK^n  ili>li  of  rniKTutitittxl   sulphurii'  a^'id^ 

Dtil  it  ceases  to  Inst-  weight. 

Organic  and  Volatile  Matters. — siiuH«  it  is  ini]K>ssil>U'  tn  il<'t<T- 
june  by  onlinary  pnjMXsses  tin*  vxiwt  anionnt  of  organic  mattrr  prrsent 
H  any  soil,  it  Is  neeessary  tu  designate  the  dinumitiun  in  weit^ht  whioh 
hcciirs  on  !^iihje<'tio^  a  j^aniple  to  j^iui'h  a  hi/ut  as  will  burn  oif*  the 
urgaiiie  mat  tor,  and  which  ri'pn^^t'nt,^  within*  hi^sa^  than  tlir  l^tt^:^^,  as 
••IriA-ion  ij^nitinii''  ht  ^*ori^iinio  and  other  vcilatile  niatttT/'  For  tlii'^ 
drterrainatioii,  t\w  sr*il  which  was  ustxl  for  ihv  est  i  mat  ion  of  moist  iirt% 
^^^pm>ther  sample,  thr^moghly  drieil,  may  hi*.  plactNl  in  a  ptutiiiiiia  *hsh 
WSt  heatCHi  over  a  Bnnst'n  flame  at  no  higher  tf'm|H'ratuiv  Umn  is  snfti- 
-cietit  ti>  kefp  tlie  disb  at  a  dnll-rcd  ht.'itt.      When  iill  the  or^anie  matter 

k^H^u  destroyed,  the  residue  is  allnwtnl  to  outl,  and  is  tlien  moistene<l 
It  a  little  ?»aturatiHl  suliitiim  of  eurbonate  of  nnmionimii^  in  order  Ut 
rtetiirt?  the  earlN^n  dinxide  that  belongs  to  the  inorganic  eonstituents,  tlien 
driiil  uml  gently  iijnitiHl  U*  eX[>e!  the  excess  of  ammonia,  and  finally 
vrei};he<l  The  h)ss  represt>iits  organic  matter,  ammonium  salts,  nitrates, 
waurof  erystalliziition,  et*-. 

Determination  of  CO,  in  Soil  Air* — The  analysis  of  soil  air  is 
omiliiote^J  upon  the  same  prinei|»les  as  that  of  ordinary  air,  Imt  the 
^iM  employed  is  neivssarily  (bttefent  so  far  as  the  obtaining  and 
kmllinjif  <>f  the  sample  are  coneerniMl,  Tlie  reagents  are  the  same  as 
f^^iuire*!  in  the  analynis  of  atmospherie  air  ;  the  apparatus,  however,  h 
quiU'  different.  It  consists  of  a  number  of  .^lec^tions  of  water-jiijie 
with  serinv  joints,  one  having  a  pointed  tiM)t,  alxive  wliieb  are  a  number 
rf  [»erf<irations  within  a  limitiHi  aiva  ;  an  absfirption  tnbe,  m  wliicli  the 
barium  bvdrate  sohitiou  is  held  ami  throti^^h  which  the  air  is  dra\\Ti» 
™an  a8pimt4>r.     (Se^'  Fig,  23.) 

The  section  \irith  the  |K>inted  end  is  driven  into  the  soil,  and  the  pipe  is 
Nphi*ne<l  by  theadditiivn  of  the  <tther  seetioris,  so  that  any  desired  depth 
nmv  l)e  rcsiebed,  and  thus  the  air  of  any  stnitum  may  l)e  withdrawn.  Thi^ 
•^Pl^^r  extremity  is  <*onneeted  by  a  ruliber  tnl>e  with  tlie  inlet  tiilH-  (*f 
*k<^  absoqytion  ap|xiratus,  which  latter  may  be  a  plain  glass  tulH>  al>ont 
311  inch  in  diameter  with  a  Ijend  of  al>out  i:>0  dt^nx^s  near  one  end, 
wIUt,  howev*er,  is  the  appanitns  sIhavu  iji  the  illustration.  Here  the 
^«on  It^  <*f  the  bent  tube  is  a  large  biiU),  and  tin*  Ic^Tig  leg  is  a  series 
'*''^m:ill  bulbs,  the  eomninnications  l>etween  wliich  are  of  small  diame- 
^*  In  either  ease  the  inlet  tnlw  passes  tlirongh  a  tightly  fitting 
"loiit^r  stoppT  anil  extends  to  a  ]w»int  just  fwyon^l  the  bend.  The 
"tiicr  i^nd  of  this  aji[>aratns  is  eoimt^-ted  by  means  of  jt  rnlilier  tulie  with 
Bb  inlet  of  the  aspirator.  Any  form  of  aspirator  may  be  usitJ,  Init 
^*fembly  one  of  a  cjipaeity  »»f  abont  twenty  liters,  A  measnrii! 
amount  of  tlie  dilute  soluticui  of  barinni  hydrate,  suftieient  to  ocenjiy 
*^*' (matter  part  of  the  lorii;  leg,  is  introdiuxHl  inti»  the  absorption  a[»[ja- 
^^<»,aod   the  ce»nneetions  throughout  are  testetl  to  prove  tlie  abweuee 
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of  leuk?^,  Wlion  the  cjijtlt^  vavk  of  the  nspinitor  is  unenel,  tlio  cscjipe 
of  the  runtaJned  water  iTe^Ues  a  partial  vaemiiii,  \vlii«4i  U  relieved  bv 
Huetitm  of  air  fnnn  tire  suit  aJi<l  through  tlie  whole  inipmitiisi.  A?*  the 
11  ir  eniergt^s  frrnii  the  hitet  tuh.*  nf  tlje  alxstjrptiou  apiKinitiLs,  it  passes 
ii|>wanl  lu  tlie  form  <if  bubbles  thrtm^h  the  re:i|!:ent,  tti  which  it  givt>n 
u\i  ifs  eoHtent  of  C(>^,  The  reason  for  preferriutr  the  biilhetl  tube  i-^ 
that  eac*h  Imlvble  of  air  in  its  passagt*  from  one  bulb  to  the  next  alxive 
IS  ni'eessiirily  l)n>ught  iuttj  more  intimnte  and  prohmged  e^iutaet  with 
the  reagent  than  is  the  eiise  when   the  |dain  bent  tube  is  employed,  fur 

Fia.  23. 


Apparatus  for  dctermiiuitioii  of  COi  In  soli  Atr. 

here  the  air  bubbles  jkiss  <]uiekly  alonf^  tlie  upi>er  inner  sarfac?e  of  the 
tube,  and  are  not  so  ex|K)sed  to  the  reagent  as  Ui  ]o&e  all  the  eoiitaiued 
CO,^.  For  this  rwisou,  it  is  neeessar\'  to  dniw  the  air  through  a  secH»nd, 
and^  perhaps^  a  series  of  sneh  tubes,  but  one  bulbitl  tube  as  pieturt»il 
above  is  suffieient. 

The  water  from  the  aspirator  is  measured  mrefully,  and  its  aiuotint 
indicates  the  volume  of  air  that  has  been  sufkt^l  up  ont  of  the  soil  to 
take  its  plaw.  AVheu  the  desirt*<l  amount  has  bix^n  aet«x1  ujm>u,  the 
stopcock  of  the  aspirattir  is  elosefl,  autl  the  reagent  in  the  absorption 
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tube  is  transferred  quickly  to  a  glass-stoppered  bottle  of  suitable  siHe, 
From  this  point,  the  determination  is  the  same  as  described  in  the  chapteb 
on  Air. 

Bacteriological  Examination  of  Soil. 

The  bacteriological  examination  of  the  soil  requires  necessarily  an 
intimate  acquaintance  with  bacteriological  technique,  a  subject  beyond 
the  scope  of  this  work.  It  may  be  stated  briefly  that  many  of  the 
organisms  that  inhabit  the  soil  may  be  isolated  by  adding  small  por- 
tions of  the  sifted  sample  to  liquefied  gelatin  and  then  plating,  or  by 
sprinkling  over  the  surface  of  a  nutrient  medium,  or  by  shaking  with 
distilled  water  and  transferring  thence  to  the  proper  media. 

The  many  anaerobic  forms  require,  of  course,  the  special  treatment 
of  their  class,  and  some  of  them  may  be  grown  on  ordinary  culture 
media ;  but  many  of  the  saprophytes,  notably  the  nitrifying  organisms, 
oannot  be  isolated  by  the  ordinary  methods.  For  the  detaUs  involved 
in  the  separation  and  identification  of  the  numerous  varieties  of  soil 
organisms,  the  reader  is  referred  to  the  standard  works  on  bacteriologj'. 


CHAPTER    IV. 

WATER. 

Arsolt^ely  pure  water,  that  is,  the  substance  composed  wholly  of 
hydrogen  and  oxygen,  and  represented  by  the  symbol  H,0,  is  ne\'er 
found  in  nature,  and  is  never  seen,  except  in  small  amounts  as  a  labora- 
tory curiosity.  In  the  broad  sense,  however,  the  word  pure  as  applied 
U)  water  conveys  the  idea  of  freedom  fmm  harmful  ingredients  and  of 
wholesomeness  and  suitability  for  drinking  and  for  the  preparation  of  1 
ibod.  In  nature,  all  water  contains  more  or  less  of  gaseous  and  srfid 
substimce^  in  solution  and  suspension,  and  so  long  as  these  are  not 
present  in  such  amounts  as  to  aifect  the  quality  injuriously,  and  so  long 
as  they  are  not  intrinsically  dangerous  to  health,  the  adjective  is  com- 
monly held  to  be  appropriate.  But  in  the  sense  that  purity  involves 
the  limitation  of  the  amount  of  contained  substances  of  a  harmles* 
nature,  it  becomes  a  difficult  question  where  to  draw  the  line  wbert 
water  ceases  to  be  pure,  and  what  term  to  apply  as  an  antonym,  la 
the  sense  that  it  involves  complete  absence  of  matters  intrinsically 
dangerous,  the  line  can  be  sharply  drawn,  and  water  which  fiiils  U> 
satisfy  the  requirements  of  the  term  may  be  designated  indifferently  a* 
imjHire,  polluted,  or  contaminated. 

In  the  classic  reports  of  the  State  Board  of  Health  of  Massachusetts 
on  public  water  supplies,  waters  are  classed  as  "  normal ''  or  "  polluted' 
according  as  they  are  or  are  not  free  from  direct  or  indirect  }X)llutioo 
by  the  waste  products  of  human  life  and  industry.  Under  this  classi- 
fication it  follows,  naturally,  that  normal  waters  must  vary  ver\'  widely 
in  appciiranw,  composition,  and  general  character,  and  that  a  normal 
water  is  not  necessarily  suitable  for  drinking,  although  incapable  ot 
causing  specific  disease.  The  nature  and  amount  of  the  dissolved 
matters  cannot  but  have  considenible  influence  in  modifying  the  prop- 
erties and  effects  of  a  water. 

Waters  may  be  classified  according  to  source  as  follows : 

1.  Rain  and  snow. 

2.  Surface-water  (rivers,  })onds,  basins,  etc.). 

8.  (jround-water  (also  known  as  subsoil-water). 
4.  Artesian  or  dee])  well-water. 

RAIN. 

Iliiin  is  the  original  source  of  all  natural  waters  of  whatever  cla^* 
it  results  from  condensation  of  the  a(jueous  vapor  of  the  atmospheT^' 
and  in  its  desc^'nt  t/»  <'  '   it  takes  up  <raseous  and  suspended  ma 5' 

ters  from  ^  ^  to  that  extent  becomes  thereby  pur^' 
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fietl.  Ill  tlie  o]Mjn  eoiintrv,  iiftiT  thf  air  liiis  iK^n  washed  for  a  whilr, 
the  collfX'ttMl  rail*  is  very  </lcaii,  and  i>,  in  tart,  tlii'  jmrost  ti»rin  ntnat-- 
ural  water.  If  its  lull  is  aceornpauic*!  l>v  witJil  from  dusty  kxiilities, 
it  cannot  lie  obtiiineil  in  ?o  clean  a  <_'tiiiditi*Hi  within  s<»  shurt  a  tinio,  on 
aeeount  of  the  ^t^reater  anioont  of  susiKMidtnl  inatters  t*>  t>e  washed  ditwn. 
Near  the  .sea,  it  euiitains  more  or  less  salt  ;  and  in  eities  and  lari^e  towns, 
it  may  havx^  a  slightly  acid  reat*tion. 

In  ib5  pa*;sage  dow*nward  thn»ngh  the  atmnsphen%  rain  alisorhs  con- 
sulemhleair,  or,  mure  jiroj>erly,eiinstitiientsi>f  air ;  that  is,  oxyi^en,  nitr«»- 
gi^n,  t*;irbon  di*i.\ide,  and  anini«tnin  ennnKmiHls,  Since  c^aeh  ^as  lia>^  its 
o\\i\  e<x^ttieient  of  sulubility  in  water,  and  as  air  i>  a  mixture  and  not 
a  ehemiail  union  (>f  gases,  it  fullows  that  water  will  absorb  tlie  eon- 
stituent*  of  air  sejKimtely  and  aecordinjr  to  their  resfKNi'tive  solubilities, 
l^n  it  haj*|K'ns  tliat  the  al>sorlM'd  air  has  a  very  ditfeivnt  eoin]M»sitiMn 
from  that  of  atniospherie  air^  heinj^  mneh  rielier  in  oxy^j^en  aufl  [>oorer 
io  nitrugen,  its  oxygen  content  being  35  instead  of  21  per  cent.  On 
rt*aehing  the  earth,  some  of  the  niin  is  evaponittHl,  some  sinks  into 
tlie  soil,  and  some  nins  over  the  surface  to  streams  or  other  brKlies 
of  water.  The  mnunnt  that  siidvs  into  the  snil  dejKMids  nj»on  the 
penuHiLnlity  of  the  latter  to  water.  Thus,  a  sandy  or  gravelly  M>il  will 
take  lip  more  of  tlie  rainfall  than  a  close-gmintHl  clay.  Thr'  anionut 
which  is  rctnrne<l  to  the  atniosphere  by  e%ii|>oi'-ation  is  sin'[>risingly 
large.  It  has  l>een  nn-koncd  by  Dalton  tliat  iti  th*^  whole  *A'  England 
anci  Wales,  alMMit  oO  |N^r  cent,  of  the  total  annual  raiirlall  is  lost  by 
evaporation.  In  tiie  watershcHl  of  the  lihine,  the  loss  is  rcekonLtl  at 
50  per  cent. ;  in  that  of  the  Rhone^  at  42 ;  of  the  Seine,  at  67,  and 
of  the  Graroune,  at  35. 


SURFACE-WATERS. 

Stirface-waters  are  collections  of  water  running  along  or  stored  upon 
the  earth's  j^nrfafe  in  contact  with  the  atrnt^spliere.  Vender  this  h<  nd 
are  i Deluded  rivers  ami  smaller  strmms^  pomls,  lakes,  and  iniponniling 
bftiiiiiiB.  They  vary  according  to  the  different  ehanieters  i>f  the  areas 
which  they  have  draintnl  or  trnversinl,  or  in  which  they  are  stored. 
Thus,  a  water  that  has  Ho  wed  over  a  rocky  soil  is  more  likely  to  Im 
fri*e  from  orgtinic  impurity  than  one  that  has  fltjwcd  over  loamy  s«»i!  «ir 
has  stood  in  swamjys  ;  ami  one  that  has  tluwcMJ  through  sandstone  Imt- 
tomB  h  more  likely  to  ccmtain  minend  impurities  than  one  that  has 
flower!  over  the  virgin  soil  uf  a  furest. 

Surface-water  means  sometliing  more  tlian  the  rain  of  the  disti'ict 
plus  the  im|>urities  of  whatevLM-  ^-haiticter,  (^trganie  and  mineral,  whieh 
it  has  collected.  Hi  vers  and  lakes,  for  exami>le,  nre  made  u|i  of  rain 
tliat  hast  mn  over  the  surface  of  the  ground,  dissolving  in  its  eourse 
small  amounts  of  <'asily  soluble  matt+^rs,  and  of  water  tlint  has  («Miie  up 
friim  the  soil  bchnv  through  spnng>,  or  that  has  triekle<l  in  from  the 
upfX'r  layers  of  the  snil  ;  and  tliese  latter  cuntributr  matter>  which  may 
be  of  very  widely  different  character  from  those  obtainable  along  the 
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CHAPTER    IV- 

WATER. 

Ar^^mutely  pure  wiiter,  that  is,  tin"  ^^ul>^i:a^ce  eompnFiod  wliolly  of 
liydi'iigm  imd  uxygt-iu  \\m\  rupreM'JiU'tl  l»y  tlio  syriihn)  \\i),  is  never 
iuum!  ill  uaturt^»  and  is  nrver  seen,  excejit  in  sniall  iHiinimts  as  ii  liilmni- 
tdiy  inl^io^ity,  Iii  the  hniad  sfiise,  howevrT,  tlu'  wonl  pme  us  aiipli^tl 
til  water  conveys  the  ideii  of  freedcira  from  harmful  ingn^Iieiits  niid  of 
whiilesiimeiiess  aud  suitability  tVir  drinking  and  tor  the  propantlion  <»i* 
iiKMl.  In  nut  n  re,  all  water  eon  tains  rat  ire  or  less  i^f  gaseons  mid  solid 
^ubstitnees  in  sohition  and  suspension,  and  hj  long  as  these  mv  not 
present  in  such  amounts  us  to  atfwl  tlie  <jnulity  injurionsly,  and  so  hmg 
as  they  are  not  iutrinsicjilly  dangerous  U\  heal  tin  tlu*  adjtMiti%'e  is  tvini- 
munly  hekl  t4i  l*e  apjn-tiiaMiUe.  But  in  the  sense  that  j>nrity  invt4ve» 
the  limitation  uf  the  anionnt  of  enntjiineil  snlistaned's  of  a  liarmles!^ 
nature,  it  tweomes  a  difheidt  tpiestion  where  to  draw  the  line  whero 
water  eesicses  to  be  pure,  and  what  term  to  apply  as  an  antonym.  In 
the  sense  that  it  involves  complete  absence  of  matters  intrinsicsdly 
dangt^rous,  the  line  <'an  bt*  sharply  drawn,  uiul  water  which  fails  in 
sutisiy  the  refpiirements  of  the  term  may  lie  designated  indifl'erently  as 
impure,  polhiteil,  or  contaniinatiHj. 

In  the  classic  reports  of  the  State  Roarfl  <>f  Health  of  Massiu'lnisetts 
on  pnblic  water  supplies,  waters  are  classed  as  **  normal  *'  or  '*  ptillufed  ^* 
ait*onhng  as  they  are  or  are  not  free  from  <breet  or  indirert  pnllntiun 
by  the  wustc  iinnlucts  of  humiin  life  and  industry.  Under  tins  elus>i- 
fication  it  follows,  naturally,  that  normal  waters  must  vary  verv^  widely 
in  up[M^anintv,  composition,  and  genend  elianicter,  aial  that  a  nnrmal 
water  is  tujt  necessarily  suitalde  fur  di-inking,  altlnmgli  incapable  tA^ 
causing  s|K»citic  dismH\  The  nature  and  amount  of  the  dissnlv^-c} 
matters  cann(»t  but  have  consider:d>le  influi-nee  in  UMKlifying  the  jiroj>- 
erties  and  eifects  of  a  water. 

Waters  njay  l>e  elassifietl  ai'i'onling  to  sonrce  as  follows  : 

1,  llain  and  snow. 

2.  Surfuce-water  (rivers,  ponds,  basins,  etc.). 

3*  GrtMiiuI-water  (also  known  as  subsoil-water). 
4.  Arte^ian  or  deep  well-water. 


RAIN. 

Kiiin  is  the  original  s<^»uree  of  all  natural  waters  of  whatever  elasR. 
It  results  from  condensation  of  the  atjueou*^  vapor  of  the  atmosphere, 
and  in  its  descent  tn  the  mrth  it  takes  up  gaseous  and  suspended  mat- 
ters from  the  atnntsplaTc,  whi<'ii  to  that  extent  bi^comcs  tlwreby  puri- 
ne 
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fietl.  In  the  ojn^n  tnnuitry.  nftor  the  air  lius  hi^en  wasK^l  fur  a  while, 
the  eollwttHl  niin  is  vi^rv  rloaii,  and  is,  in  fiK't,  tin*  [Kuvst  tnrni  f>t' uat* 
iiral  water  It*  its  full  Ls  aeet»mpanicd  Uy  wind  frnm  dusty  Ifw-alities, 
it  cannot  he  uhtiiintHl  in  so  eloan  a  tvmditinn  within  :^\^  shurt  a  tijni%  on 
a<"cnnjit  i»t'  tlio  ijrt'ater  an  ma  nt  r»i' ,siis|M'ndLHl  niatlors  to  l>e  washed  tlnwti. 
Near  the  sea,  it  euntain.s  more  (»r  less  salt  ;  and  in  eities  and  large  towns, 
it  may  have  a  slightly  aeiil  reaction. 

In  its  passage  downward  throug;li  the  atmosphere,  rain  ahsnrhs  eon- 
sidi'rahleair,  nr,  more  pro|M:*rly,eonstitnents  nf  lu'r ;  tliat  is,  nxyi^rn^  nitro- 
gen, e4irl>on  dioxide^  and  aniinonia  t*om[»oiinds.  Since  eaeh  giis  lias  its 
own  erMjffieient  of  solnbility  in  water,  and  as  air  i>  a  mixturt*  and  not 
a  eliernieal  union  of  ^ises,  it  follows  that  water  will  alxsorb  tiie  e<ni- 
i^titneiits  of  air  sejwirately  and  according  to  their  respective  solubilities. 
So  it  hapfjens  that  the  ahsorhed  air  has  a  very  different  coinpf>sition 
from  that  i4"  utaiospherie  air,  heing  mnel*  richer  in  oxygen  and  [H*«trer 
in  nitn^gen,  it.s  oxygen  content  heing  Zh  instciid  of  21  [>cr  cent.  On 
reaching  the  earth,  some  of  the  rain  is  eva|K)mted,  some  sinks  into 
the  S4>il,  and  some  runs  over  the  surftu^e  t*»  streams  or  other  botlies 
oi'  water.  The  anionnt  that  sinks  into  the  soil  de|>i4ids  iqwin  tlie 
pennrability  of  ttie  latter  to  water.  Thus,  a  sandy  or  gravt41y  soil  will 
take  up  more  of  tlie  minfall  than  a  elose-grained  clay*  The  amount 
which  is  returned  to  the  atmtisphere  by  evaporation  is  surprisingly 
large.  It  has  iH^rn  ivekoned  liy  Dahon  tliat  in  thi'  whole  of  England 
and  Wales,  aliont  oO  ]>er  cent,  of  the  total  aniMi:d  rainfdl  is  lost  l>y 
evaporation.  In  tlie  watershed  \yf  the  Rhine,  the  loss  is  reckoned  at 
50  per  cent,  ;  in  that  of  the  Rhone,  at  42  ;  of  the  Setncj  at  (>7,  anil 
of  the  Granjnne,  at  ^0, 


SURFACE-WATERS. 

Surfaee-w^aters  are  collections  of  water  rtimiing  along  or  stored  upon 
the  eartlrs  surface  in  contiiet  witli  the  atniosphere.  Under  this  liead 
are  inclndtnl  rivers  a  nil  smaller  streams,  ponds,  lakes,  and  impounding 
basins*  They  vary  according  t4>  the  ditlerent  ehamcters  of  the  an^as 
which  they  have  dminal  or  traversed,  or  in  which  they  are  stimnL 
Thu>,  a  water  that  luis  tlowe<l  over  a  rocky  soil  is  more  likely  to  1m^ 
friH*  from  *irganie  impurity  than  one  tliat  has  flowfHl  over  loamy  soil  tir 
has  stood  in  swamps;  and  one  that  has  liownl  thmugh  sandstone  In  it* 
toms  is  more  likely  to  contiiin  mineml  impurities  than  um*  that  has 
flowed  over  the  virgin  soil  of  a  forest, 

Surface-water  means  souiething  more  tlian  the  ndn  of  the  district 
phis  the  impurities  of  wliatever  ehnnieter,  rn^ganie  nnd  mineml,  winch 
it  has  collecttHh  Rivei-s  and  laki*s,  for  example,  ari'  made  up  of  rain 
that  has  run  ov^er  the  suHaot^  of  the  ground,  dissidving  in  its  course 
small  amounts  of  easily  soluble  nnitters,  and  of  water  that  lias  ernne  up 
frnni  the  stnl  l>eh»w  througli  springs,  or  that  has  trickled  in  tVom  the 
upjHT  layers  ol'  the  soil  ■  and  these  latter  contribtitc  tnatters  whic*h  nniy 
be  of  very  widely  dirterent  character  troni  those  obtainable  along  the 
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surface,  according  to  the  geological  character  of  the  soil  strata  that  have 
been  acted  ui>on. 

A  river  may  take  its  origin  in  a  spring,  and  consist  for  some  time  of 
ground-water  alone,  but  usually  it  is  not  long  before  it  receives  aoco- 
sions  of  surface-water  and  soon  acquires  the  characteristics  of  the  latter. 
Again,  some  lakes  and  ponds  are  fe<l  almost  wholly  by  springs  at  tber 
bottoms  and  sides ;  but  even  so,  their  waters  soon  change  in  character 
and  acquire  the  various  forms  of  aquatic  life. 

Surface-waters  may  contain  much  or  little  or  no  organic  matter, 
according  to  circumstances.  They  may  be  colored  or  colorless;  they 
may  be  rich  or  poor  in  mineral  substances.  Those  which  come  largdf 
from  the  ground  will  naturally  possess  largely  the  characteristics  of 
ground-water,  and  those  free  from  accessions  from  this  source  will 
approximate  more  nearly  the  character  of  rain.  The  quality  of  surface- 
waters  is  influenced  by  the  seasons,  by  drought  and  rainfall,  by  vege- 
tation, by  rate  of  movement,  and  by  other  conditions. 


GROUND- WATERS. 

Ground-water  is  that  which  penetrates  the  soil,  sinks  to  various 
depths,  according  to  the  nature  of  the  soil,  and  accumulates  on  some 
more  or  less  impervious  stratum.     It  is  not  exposed  to  light  and  the 
atmosphere,  like  surface-water.     It  varies  widely  in  character  accord- 
ing to  the  nature  of  the  soil  over  which  it  has  once  flowed  and  Aroogh 
w  hich  it  has  percolated.     It  enters  with  more  or  less  air  and  (X)2  in 
solution,  and  comes  in  contact  with  the  soil  air  in  the  interstices, 
w^hich  is  much  richer  than   atmospheric  air   in  this  gas.     With  the 
assistance  of  the  COj  which  it  has  brought,  and  that  which  it  &rther 
acquires  in  the  interstices,  it  dissolves  various  mineral  constituentB  of 
the  soil.     That  which  penetrates  very  deeply  has  its  solvent  powtf" 
increased  by  increased   temperature  and   pressure.     As  it  enters  the 
soil,  it  brings  with  it  whatever  organic  matters  it  may  have  dissolved 
out  of  the  surface  layers,  and  in  its  descent  it  may  lose  them  entirely 
through  the  action  of  the  saprophytic  bacteria  of  the  soil,  or  it  may 
acquire  still  more  if  the  soil  be  polluted  and  so  permeable  as  to  permit 
rapid  j)assage  downward.     It  passes  slowly  or  rapidly  through  the 
interstices  until    it    reaches    an    impermeable  stratum,  over  which  it 
neeumulates,  filling  the  interstices  completely.     The  soil  at  this  point 
is  said  to  be  saturat<'d,  and  the  upper  limit  of  saturation  is  kno^n  as 
the  jrround-water  level,  or  water  tiiblc.     Between  this  and  the  surface, 
the  water  is  in  contiict  with  the  air  of  the  interstices,  and  is  known  a» 
ca])illary  moisture.     The  water  table  is  by  no  means  necessarily  hori' 
zontal,  but   follows  in  a  general  way  the  contour  of  the  surface  of  the 
soil,  and  often  it   is  nuich  more  irregular,  and,  by  reason  of  local  geo- 
logical conditions,  even  quite  different  from  what  the  surface  formation 
would  indicate.     Thus,  at  one  point  in  a  level  stretch  of  countrs',  the 
table  may  be  quite  near  the  surface,  and  at  another,  a  short  distana 
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'liway,  it  may  be  situiitefl  miioh  inorL^  deeply,  owing  to  abrupt  f^lianges 
of  k'Vel  at"  tlii'  in  i  per  nit  able  stmtuni. 

Irregularity  of  the  surface  uf  ihv  water  table  i?^  ilue  largely  alsu  to 
the  niinfall*  whieh^  coming  at  trequent  iiittTvals,  jallfi  u|mhj  surfaecd  of 
differing  pernieability,  so  that  wliile  one  part  is  still  tlniining  its  water 
downward,  another  has  eoni])leted  the  proce-^.s  ami  i.s  ready  for  more. 
When  drought  <KH'urs,  however,  the  level  becomes  more  and  more  uni- 
form until  it  may  btxrome  quite  lioriztmtaL  With  return  of  rainfall^ 
the  level  rist^,  and  irregularity  of  the  surface  of  the  water  tiible  i.s 
again  produced*  The  level  at  any  pi>int  is  influencL^d  ali^io  by  the 
amfiunt  of  water  withdraw n  IVoin  tlie  soil  Ity  the  demands  tmide  upon 
wells.  When  the  amount  of  jiercolation  is  exi-wnled  by  the  amount  of 
withdrawal,  the  level  falls  ;  when  the  conditions  are  reversed,  the  level 
rises. 

The  water  table  in  its  irreguUir  course  touches  the  surface  of  the 
grouud  here  and  there,  and  gives  rise  to  springs  which  may  flow  the 
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year  round  regardless  of  drought,  or  may  dry  up  completely  with  fall 
of  the  level.  Similarly^  all  j>erraanent  ponds  are  onteroppings  of  the 
water  table,  and  the  beds  of  rivers  as  well,  hut  the  level  of  the  table 
in  the  near  vicinity  is  almost  invariably  higher  than  the  surface  of 
the^e  bcKlies.  Sometimes,  how^ever,  the  water  level  is  so  near  the  sur- 
face that,  without  emerging  in  the  ff^rm  of  sjirings,  it  extends  in  a  l)road 
sheet  just  at  or  hOon'  it  nnd  eauses  marshy  conditions.  In  Fig.  24 
the  manner  in  \^'hieh  the  water  talile  erops  out  in  springs  and  feeds 
lakes  and  other  hrKlies  f>f  water  is  slnnvn. 

By  some,  the  water  tiible  is  s[M»ken  of  as  an  undergrtaind  river,  a 
term  which  is  very  misleading,  in  that  it  suggests  a  iKidy  of  water 
rather  than  a  condition  of  saturation  of  the  soil.  There  are,  to  be  sure, 
in  gome  local Itif^,  esjM^rinlly  in  limestnnt/  clistrieis^  Ixxlies  of  water  tlow- 
ing  between  imp4Tmeid>le  stnita,  anrl  instil nces  are  know^ii  of  disap- 
pearance of  streams  int(v  tissures  of  rocks  and  emergence  at  a  distance 
elsewhere,  but  these  streams  are  not  a  part  of  the  water  table  as  gen- 
erally nmlerstood  and  may  n(»t  |*roperly  be  classed  as  ground-water. 

In  most  eases,  and  except  where  the  water  lies  in  deep  depressions 
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or  pickets  with  no  i*i<le  rnitli4>j^  iho  ^nmnfl-water  is  in  constant 
mMliuri  ill  tlu-  (lirct'tkiii  uf  the  outthll,  luul  tlii^  is  cominuiily  tlie 
\-AVgr  IjihIv  iif  \vat4^T,  cither  a  hike,  or  a  river^  or  the  sea.     lu  iti*  oui 
course  <iver  an  irreguhir  imiKTvioiis  &tnitiim,  the  movement  is  at  tii 
inclined  ujiwanl  ami  at  times  Ju\^Tiwartl,  l>ut  ever  in  the  same  gei 
dirpctii  in  hiterii I ly , 

Tlie  rate  of  uioveniejU  i.s  determintnl  by  a  number  of  infli 
anion^  wliii-h  the  most  effective  are  the  degrcM?  of  i>ermeability.  the' 
inclination^  and  the  barometric  jires.sure.  The  dej2:r«?e  i»f  jienneahilitjt 
de|>cntlent  iJ|Km  the  (swirseness  of  the  i^soil  particles,  is  of  verv  i^tetii 
iiMpoitanee,  the  more  rapid  How  iKTurnii|j  thi^tniirh  the  soils  uf  vmr^ 
textMre,  llie  inclination,  or,  in  other  words,  tlie  influence  of  ci^nt«w 
in  pnuriotiiTg  or  preventing  the  asj^istance  of  gravity,  haj^  a  veiy 
decideil  etIWt, 

The  barometric  pressure  affects  the  rate  of  niovcment  through  \\^ 
effects  on  the  air  in  the  interstices  :d)ovc  the  water  level.  Wfiik  ihi^ 
air  is  itself  in  constant  nio%Tment»  it  cannot  m*>ve  (juickly  U^must'rf 
the  great  amount  of  friction  created.  I^»st^ned  pressure  «Ik>vo  the 
ground  causes  the  soil  air  to  expand,  and  as  this  oc^Mirs,  the  tcoflt'Dct 
is  along  the  liu(^^  of  least  resistance,  namely,  upward  and,  uufier  cer- 
tain cunditious,  laterally,  so  that  the  water  in  the  interstices  is  us^isttJ 
in  its  iiow.  But  the  iiiHuence  of  diminished  Imronietric  prcA^urp  » 
felt  almost  at  *»nce  at  the  outfalls,  Wsuise  t>f  lessened  back  pressure  oo 
the  wat<n'.  This  inrtuenti'  may  be  measurtxl  liy  noting  the  fluctuations 
in  the  water  levels  in  wells  which  rise  as  the  baroraetcr  falls  and  fill 
as  it  rises.  Thus,  resistance  is  reinnved  at  the  outfall,  and  mnc\- 
dently  the  water  is  !>eing  jkisIuhI  ah*ng  by  the  exjmnsive  force  of  the 
air  in  tlie  interstices.  With  increased  barometric  pressuif,  ihe^ecoiHii' 
tions  are  revei>ie<I  and  the  flow  becomes  less  i*tjpid. 

The  mte  of  movement  being  so  dcjjcndent  upon  local  conditions,  il 
follows  that  it  varies  widely  in  different  soils.  In  some  places^  it  isso  ^lo* 
as  to  l)e  almtist  un measurable  ;  in  others  it  is  extremely  rapid  ;  anJtn'u'Q 
within  a  restricted  ai\*a,  it  may  Ix*  exceetiingly  variable  at  diffuretiJ 
points.  At  Budapest,  for  extmiple,  Fodor  '  detennincHl  the  nite  •♦f 
niovenient  at  live  different  fxunts  to  Im?  Ho,  125,  199,  209,  antl  2]<' 
feet  daily.  The  average  of  tht^sc  iiguivs,  167.6,  represents  umi^^wiUy 
rapid  How.  At  Munich,  the  daily  rate  of  Bow  toward  the  Isar  ha^bfc" 
calcuhtted  l)V  Petteukofer  as  a  triHe  more  than  15  feet. 


Physical  and  Chemical  Characteristics  of  Water. 

At   the  standard   iiaronietric   pressure,  TOO   nun,  or   29,922  ic 
water  IimIIn  at   lOO''  C.  or  212^  F.     With   lower  pressures,  it  IhmUI 
€orres]>i>ndingly  hjwcr   temijenituiTs  ■  on  very  high   land,  for  exaiD| 
it  boils  at  sucl(  Inw  temperatures  that  Uirat   and  vegetables  cannot! 
thoroughly  c^wiked    in    it.     Evaporation   occurs   at   all  temperature 
c' vea JifilfflEi^bMtanipg'  t  ^  ^  i  ^^t . 

I  unci  Wasser.     Bninswick)  1SB% 


tMiibfl 
^amfl 

mot  1^ 


PIIVSICAL  AND  rilKMirAL  VHARACTERfSTWS  OF   WATER,  321 


WtikT  lias  its  ninxirmuii  tieiisity  at  4'^  <\,  above  untl  Ik*1ow  which 
I II lint  it  i'XikiihI.s,  At  0^  C\  it  freezc\Sj  ami  in  doing  so^  it  expands  to 
the  extent  of  nhout  £>  per  cent,  of  its  volume,  anil  thus  aeqiiires  a 
>  I  MX- i  tie  gravity  les.s  than  that  of  unfrozen  water,  in  which,  therefore,  it 
Hnats.  As  the  surface  freezers,  it  gives  out  heat  to  the  layer  immedi- 
att^v  l>enpath  and  therein' eti uses  a  r^'tardatioiT  of  tlie  proeess.  As  this 
layer  Iieeoint's  eoolwl,  the  ire  formation  eontinnes,  antl  tluis  the  growth 
in  thickness  of  the  ice  cover  proceeiU  downward.  Its  s[KH:itie  heat  is 
liigli,  and  is  taken  as  the  standard  af  eomjKirison.  As  a  conductor  of 
lieat  it  stands  ver\'  low. 

Water  is  the  most  universal  sulvent  known,  there  Ix'ing  but  few  suh- 
>tanees  whieli  ari"  not  acted  upon  by  it  to  some  extent.  It  takes  up 
:d!  known  gases,  and  its  soh'cnt  {>ower  for  theni  is  greater  atx-onling  as 
the  tein|>erature  is  depresses!  and  the  pressure  increased.  In  the  case 
<>f  substances  other  than  gases,  with  few  exceptions  its  solvent  power 
i^  increased  with  inerrast^l  tem|M.'nUure, 

Appearance. — Pure  water  is  clear,  and,  in  proiK>rtion  as  it  contains 
^hssolvi-d  air  and  carbon  dioxi<le,  is  bright  and  .sparkling.  Brilliancy 
of  ap|M:*arance  is,  however^  by  no  uicjuis  <*f»nehisivc  evitlence  of  pnrity, 
some  extensively  eout'uninat^Hl  waters  showing  remarkable  brightness. 
Turbidity  of  water  is  ilup  to  orgtinic  and  mineral  matters  in  susj^en- 
siou  ;  the  organic  matters  may  bt-  oniiuary  dead  vegetable  mid  arnmal 
.substances  or  microsctjpie  living  plants  and  animals. 

Some  [ndjlie  sn|)j)lie^  derived  from  rivers  are  distinctly  muddy  in 
appeantnce.  The  slight  ch't^n/cs  <if  turbidity  designated  as  tntfkinr'^in  and 
ofKiJejieence  are  tlue  eomnuinly  to  very  minute  clay  pai1:icle.s,  which  may 
I'einain  in  suspensitm  for  a  long  time,  even  W'hcn  the  ves.sel  eon- 
taiidng  the  watiT  is  allowed  to  stand  undistnrbixL  Sewage  mattei*s 
also  may  give  these  same  ajipesiranees.  Turbidity  dne  to  clay  may  be 
removed  readily  l)y  the  addition  of  various  substances,  as  ]iuH%  alurn, 
and  sulj>huric  acid,  wliich  cause  the  jmrticles  to  agglutinate  and  settle 
<int.  Water  which  is  apparently  clear  when  viewcfl  in  an  ordinarv 
glass  vessel  may  Ix*  swn  t^t  havt*  deciilcHl  turbidity  when  vicwinl  through 
a  depth  of  a  font  or  two  agidnst  a  pure  wliit*^  surface. 

Some  groin  id- waters  which  are  quite  clear  when  drawn  may  acquire 
a  turbid  apiK'arantrc  on  j^tanding,  due  to  the  presence  of  comptnnids  of 
iron  which  undergo  changes  in  enmp*sitioti  ami  iM'comc^  jirecipitatccL 
In  such  ciises,  the  tnrladity  is  aeconqKUiii-d  by  the  dcvelopttu-ut  of 
colnr,  which,  however,  disappears  on  the  comj>letion  of  tlie  process  of 
♦  oxidation  of  the  iron  ci>nijM>un<ts  and  their  se{winitifm  by  sedimentation. 

Color, — Water  may  have  cohir  or  not,  aceonling  to  eireumstanee^, 
Suriace- waters  (uay  derive  it  from  ctmtact  with  grasses,  leaves,  woody 
matters  in  gciiend,  ami  peat,  the  degrtn^^  of  ctilor  being  de[)eudeut  upon 
t!ie  lengt!i  of  tune  of  contact  and  up<ui  the  chitmcter  of  the  substuuce^. 
Pifferent  kinds  of  leaves,  for  example,  imjiart  different  shades  and 
kinds  of  color,  but  not  always  to  the  extent  that  their  appeamnce 
wnuld  indicate.  The  darkn^ohnvd  drii^l  leaves  of  the  oak,  for  instance, 
luight    l>e  exiM^eted  to  yield  a    juueh   darker    infusion    than    the    much 
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ligbtei*  ruli^refl  kmves  of  t\w  niu|ik\  hiil  >\wh  is  not  the  ca^,  as 
lie  pn»ve<I  n^iuJilv  In-  cxiK^nint'iit  ;  iind  tlios^'  i>f  the  biitti^niut  p\t{ 
cf>lrir  that  is  sorprisiugly  light  in  coni|Kiris<)n,  Long  rnntad  %t 
swamp  %egi'tatioii  causos  a  (leei>  recldi^h-lmnvii  color,  which  1?^  olii 
veiy  stable  mx  long  kfc|iiiig.  Nut  all  suHiicH*- waters,  however^  i 
ex  posts  1  to  rolor-i  in  parting  siil>staiUM.»s,  anil  waters  of  thU  cUs^  majl 
frc?e  fn»rji  cuh>r. 

GiTJund-watcrs  of  g^rod  quality  arc  onlinarily  i-olurlejss  or  apficar  I 
have,  when  vicwt^l  tlirongli  consiitcmljli^  *lc|>tlis  ag-ainst  a  wlute  sur 
a  tiiiiit  l>hnsli  nr  grccnish-hlnc  tingc\  Sonictinics  they  t*ontain  inma 
organic  matter  in  conihinatiou,  and  liMVt^  in  cHnscqiicncc  a  hiH»wnirh  tid 
wliii'h,  by  rciLstin  r»f  very  .-^iow  oxidation,  may  persist  for  a  long  tin 
Color  derivi^»<l  otherwise  than  from  contiict  with  vegetable  matter  j 
accuni [Kin itH^I  usually  by  more  or  less  turbidity.  Absence  of  otilor  i 
not  a  sign  of  purity,  for  jMiIlute*!  waters  may  be  quite  free  fmin  i^ 
nor  is  its  presence  an  imlicath*n  u\'  unfitness  ibr  clonicj^tic  use. 

Reaction. — The  dissolved  carbon  dioxide  iu  water  tends  to  givt*  it  a 
slightly  acid  reaction,  but  mast  |xitiible  waters  are  very  faintly  ;ilkaliwe 
to  delicate  indicat(>rs,  owing  to  minute  amounts  of  alkaline  carbon 
Kain-waters-,  cs|Hvi:dly  in   the  vicinity  of   cities  and   large  to^\^l§J 
gi'ncnilly   sHghtly  acid  on  ac<M>nnt  of    impurities  of    the  atmosp 
arisiug    from    condiustion.       Peaty   waters    also  are    slightly  acid 
account  of  organic  acids  prtxhicc<]  by  the  action  of  the  {peculiar  bart€i 
existing  in  jwat,     Kivcr-waters  in  mining  districts  often  oontitiu  wnH 
sid era ble  amounts  of  fre<'  mineral  a* -it Is. 

Odor. — Pure  water  has  no  ofhir,  but  gfwd  surface^w^aters  i^otaining 
coloring  matters  have  more  or  les.s  odor,  which  is  esj>eeially  marked  »if 
bra  ting.      It  is  generally  suggestive  of  vegetable  matter,  and  nwv 
characterized  variously  as  gras.sy,  peaty,  etc.,  according  to  tlic  iinpn 
sion  pnKluLHHL     8uch  oih>rs  may  ]>t*rsist  even  f»n   long  biuhng^  wbilj 
those  due  to  dissolveil  gases  will  dis;i|>pi'ar  ijuickly  on  heating,     M» 
otherwise  giwKl  surface- waters  arc  jKirticularly  prone  to  the  ileve 
mcnt  ttf*  disagix*eable  tKlors  attributable  to  minute  living  organ i^rns, 

The    subjtrt    lias  Ixh'U   studied  \ery  extensively   by   Mr.  (iur\^ 
Calkins,^  who  states  that  tKlors  in  drinking-waters  **  may  be  protlw 
by  the  putrefactive  dwomposition  of  the  biwly  plasm  through  the  i 
of  l*act4Tia,  and  by  the  excretion  of  certain  [>riKlncts  <»f  growth,  or  1 
the  liberation  i>f  pnKlnets  by  the  physical  *l  is  integration  of  the  Ixi 
or  breaking  down  of  the  encl<ising  cell  walls,     Tliese  three  t^usi'sjri^ 
rirtes  to  threi'  classics  of  ixlors,  as  follows:  (1)  odors  of  chemical 
putrefactive    decomfKKsition,  (2)  o<lors  of    growth,  and  (3)  itdor^  < 
phy-sicjil  disiuti^mtion.-- 

The    group    of    ph»nts    ]i4ipuhirly    kiiown    as    '*  blue-grt^»n    yXpt 
(Schtzojihifcer^)  is  a  wry  e<mHuon  iiuise  of  the  well-known  **  pig-JH 
and  '* grassy"  odors  so  fR*quently  obser\'e<l  in  shallow,  stagnant, 
relatively  warm  waters.     Certain  of  the  Dhttftmavm^  fret|nently 
serious    trouble  liy  imparting    ai'omatic    (genminm)    and    fishy 

'  Report  of  ibc  8tnte  IVwinl  of  Health  of  ^fa^jaohust^tt*;  for  1SV»2,  p.  I-t-Vi. 
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and  disiL^rtt!iil)k'  taste.  Of  thes^^  tin-  most  prniiiiDetii  is  AMlenonclIu 
formifad y  Wmnd  \vry  nminnmh  in  lur*re  jkhkIs  niiil  r^j^cTvoii's  uf  s^urtW'- 
wiiter,  and  gmwing  with  iv-^iKHnal  luxiirianee  in  open  R\servoii'i3  of  gn>iind- 
water,  Aee^^rding  to  Wtiipple  ami  Jacks* m/  *i()00  iL^teritinella  [K'T  vk\ 
of  water  miiVy  undrr  tavurablt^  n>[iditii»iis,  impart  an  mlnv  easily  re<;f>g- 
niztnl  iiv  llie  crmsniner.  Several  spreius  nf  Crof/ictut,  eooiiuuiily,  hut 
atH^jrding  to  G,  T.  MiH>re/  |K'rliaps  in**orreetly,  eta^ised  with  the  Itijn- 
j^ar/'Tj  eanse  nnieh  trouUie  by  thi*  liberation,  during  disintegration,  of  oil 
glr^bnles  whieli  iniptirt  fi>hy,  oily  odors  and  tastes.  These  oi!  globnle** 
are  yii'ldetl  by  rnmiy  other  v:4rii'ties  of  water  tprganisrns. 

While  sinvage  matters  impart  mouldy  or  nmsty  odors  to  water,  it 
should  not  lie  inferred  that  these  mlms  are  of  tljemst^ves  imlimtive  ol' 
sewage  [Hilhition,  tor  good  snrfart^- waters  sometimes  aetjuire  them  on 
standing. 

Sometimes  it  will  Ih'  notiecnl  timt  water  on  long  boiling  not  only  eon- 
tiuuei^  to  evolve  u  vegetable  odor,  hut  givt^s  it  off  in  greitttT  intensity* 
This  is  true  [lartitndarly  of  waters  rieh  in  algfe.  If  they  are  first  tilt'* 
ere<l,  the  <Hlor  will  not  bt*  given  ot!*  im  boiling.  Bnt  other  waters  may 
continue  to  evolve  mlors  even  after  liltrati^nu  Peaty  waters,  for  in- 
etanee,  i^ften  jKTsist  in  yielding  mli>r  on  long  boiling^  anil  this  (8  not 
affeeted  in  any  way  by  filtration.  Waters  containing  priMlnt^ts  of  physi* 
t^d  disintegration  and  various  tjtht^r  substances  als^j  are  not  influenet^d 
by  filtration. 

Odors  which  disappmr  on  lioiling  may  develop  ngain  after  a  time  if" 
their  eause  is  not  remove<l  ;  if,  however,  the  matters  from  whieh  they 
are  clerived  are  no  longer  pi-esent,  the  rxlor  will  not  retnrn.  Sime 
mc>st  tninblesome  o<hirs  are  known  ta  be  the  res?dts  of  rlreay.  The 
pnldie  sni>ply  of  Boston  wa>,  in  1H7H,  st^rionsly  aHeeted  in  this  way, 
anil  gave  off  an  odor  whieh  w^as  likened  to  that  of  enetimbers.  This 
was  investigated  by  Profess^^r  Ini  Remst/n,  who  t5>nnd  the  nnise  to  be 
dei/otn  I  position  tif  a  fresh- water  s|iong(i, 

W;Her  sometimes  eontains  snlphnretted  livdn*gen  from  rethietion  of 
>ul[>hates  by  Ijticlerial  aetitm,  and  stimetimes  mixtures  of  pi** wh lets  of 
organie  decomposition  whieh  suggest  that  ga8.  Very  markal  and 
most  offensive  (Kltirs  are  due  often  to  the  presc-nee  of  d<'ad  animals,  sneli 
as  toads  and  miee  m  wells,  and,  whi'U  tliey  arise,  the  remedy  is  iib- 
vious.  Some  wells  Ixrome  stagnant  at  tin*  bottom,  and  if  organie 
matter  is  presunt,  it  may  ean.si^  ford  (Klor»  suggestive  of  <lead  animals, 
by  pntrcfiieti<jn  in  the  absence  nf  a  suffieient  sn[>[*ly  of  dissolved 
oxygen.  Stagnation  may  be  preventeil  by  cim meeting  tlie  |>nm|>  n(»arer 
the  bottom,  or  by  filling  up  the  unnee*'?->arv  sfwu'e  with  t^h'an  gmvel' 
and  samL 

Otlors  in  water  aiv  not  neeessiirily  indieative  of  danger  to  healtli, 
bnt  distinetly  unplejisant  one^  are  quite  suffieient  a.'*  a  distpialifieatimi, 
on  aeeount  of  the  repngmmet*  whieh  their  use  for  drinking  and  other 
domestic*   [Mn'}><»s(^«.  wmdd  t^iuse.     (Jn  the  other  hand,  as  in  the  ease  of 

'  Jitiirna)  uf  the  N*'u-  KngJand  Water- \Vc>rk»*  AH6c»i:iation»  September,  1S99«, 
'  AmeiicftTi  JoiirnHl  nl'  Pharmacy^  Jjinuaryj  1900. 
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color,  absence  is  not  indicative  of  purity,  for  dangerous  waters  may 
inodorous. 

Taste. — Pure  water  has  no  distinct  taste,  and,  whatever  the  impm^ 
sion  made,  it  is  due  to  dissolved  gases.  That  this  is  cfo,  is  molt 
evident  when  one  compares  the  taste  of  a  well-aerated  water,  bdoR 
and  after  heating  to  the  boiling-j)oint  with  subsequent  cooling.  SJm 
constituents  impart  no  distinct  taste  unless  they  are  present  in  qmi 
large  amounts,  as  in  waters  of  a  high  degree  of  permanent  hardneft-P 
The  only  substance  which  imparts  taste  when  it  is  present  in  vafl 
small  quantities  is  iron.  Dissolved  organic  matters  cause  no  taste,  ifli^ 
less  present  m  considerable  amount  and,  as  a  rule,  accompanied  by  oda 

Water  containing  very  little  coloring  matter  is  often  said  to  tuft 
distinctly,  but  it  should  be  remarked  that  the  senses  of  taste  and  snoA 
are  often  influenced  unconsciously  by  the  sense  of  sight,  and  oolonl 
water  supjwsed  to  have  both  odor  and  taste  may,  if  drunk  in  the  daik, 
give  no  impression  of  either. 

Badly  tasting  water,  whether  dangeroiLS  or  not,  is  objectionable  oi 
the  same  grounds  as  mentioned  under  odor.  Not  only  is  absence  of 
bad  taste  no  evidence  of  purity,  but  it  is  well  known  that  watCTS  ooi- 
taining  the  products  of  oxidation  of  sewage  are  oftien  remarkable  fc 
unusual  palatability. 

Substances  Found  Normally  in  Water. 

These  include  : 

1.  Gases  in  sohition. 

2.  Organic  matters  in  solution  and  in  suspension. 

3.  Mineral  matters  in  solution  and  in  susi>ension. 

1.  Oases. — First  in  importance  is  air.  Strictly  sjieaking,  water  con- 
tains no  air  as  such,  but  only  the  constituents  of  air,  for  the  oxygen 
and  nitrogen,  dissolved  l)y  water,  are  not  prt»sent  in  the  same  p^opo^ 
tion  in  which  they  exist  in  the  atmosphere.  In  salt  water,  the  varia- 
tions in  their  proportions  are  less  wide.  We  shall,  however,  consider 
the  two  gases  as  air.  The  dissolvetl  oxygen  is  the  imj>ortant  element 
One  hundred  volumes  of  water  at  lo°  C.  will  dissolve  nearly  3  vol- 
umes of  oxygen  (2.99),  »"<!  Jit  20°,  2.80  volumes,  and  it  is  not  alto- 
gether removed  by  boiling. 

The  amount  of  oxygiMi   in   solution   is   fairly  constant  in  waters  of 
uniform  composition  frii'ly  exposed  to  the  atmosphere,  but  when  tbeV 
receive  additions  of  sewage  and  other  oxidizable  matters  they  begin  t» 
lose  it.     Kiver-waters  may  thus  show  uotiible  diiferences  in  the  amoant 
of  dissolv(H:l  oxygen  present  in  sanij)U's  taken  above,  within,  and  below 
towns  situated  on  their  hanks.     The   Thames  and  the  Seine,  for  in- 
stance, show  this  in  a  remarkable  degree.     The  progressive  diminution 
is  due  to  the  constant  access  of  organic  matter,  which  undergt>es  oxidi- 
tion  at  the  ex]Hnise  of  the  dissolved  oxygen.     When  a  river-^\•ate^  ie 
deprivc^l  '^*'  '^'^  ^   oxygen    in   tliis  manner,  or  by   reason  rf 

chem  the  inflow   of  sewage  from  uianufacturiif 
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estiibli>ihineiits,  rimtainintr  i-iiniponml- — trri'niis,  fur  inytaiii'e — having  a 
stn>ii|f  nttiuity  fnr  oxvireu,  fish  lite  t.*aniicjt  he  Mi[»|K»rte(l.  Al>st*iice  of 
fish  in  ixjlluted  i^tr*?iiiiis  is  due  much  iiiurc  to  diuiiinitioii  of  disBolved 
oxyj^eu  th«u  tu  the  poiMMicms  ef!i*t*t-s  of  t>rij^aiiit'  se\vup:c. 

Aenitioii  «*f  Witter  is  iiiHuenre<I  very  kirgely  liy  tlu^  *hisi  which  falls 
intti  it,  for  eavh  jiartiele  earries  with  it  mure  (»r  less  iulheront  air,  as 
uiay  reailily  he  rhmi  wlien  uue  drops  small  ijaiticles  into  water  and 
observes  their  descent.  Aeration  of  water  proceeds  to  great  tleptlis, 
jis  is  >hiiwn  \ty  eheruieal  analysis  uf  siyoples  i)f  water  obtained  by  deep 
souiiJiiig,  and  also  by  tlje  tact  that  ^reat  nunibers  of  tir^misms 
which  ri^nire  oxygen  for  their  respiration  are  fonnd  far  beneiith  the 
snrfaei" ;  but  water  at  4<*  and  50  feet  1m*1ow  the  surface  may  contain  no 
oxygen.  W  atcr  from  dee]i  wells  is  very  eoBimonly  frt^e  iVoni  dissolved 
iixygen,  iH-i-anse  ot'  alistrnrtinn  by  eom|K>unds  t*f  iron  nr  manganese, 
iirgani*'  matters,  and  otiicr  substances. 

The  presence  of  considerable  dissolved  oxygen  in  water  leads  to 
W'neficial  changes  in  the  organic  matter  present.  l>iminisheil  oxygen 
jienuits  i\w  *ievelopuicnt  uf  low  forms  of  vegetable  life,  which  fre- 
<piently  give  rise  h*  unpleasant  tastes  an*l  ndors.  Their  griAVth  18 
inhibited  by  a  large  degree  of  aenttiiHi,  and  their  dijsagreeable  effects 
are  thereby  prevented. 

CarboE  Biomde,— The  r^irlwm  dioxide  contiiinetl  in  water  is  derived 
largely  from  the  atmosjjbere,  and  in  great  {xirt  from  the  st>il,  where  it 
is  present  in  al)undan(*e.  Its  amount  in  any  water  depends  n]i*>n  a 
number  of  circumstances  :  upnn  the  amount  Ciirried  in  by  rain  aiul 
dust,  the  character  of  the  soil,  and  the  extent  of  oxidation  of  orgjinic 
matter  (Hxnirring  m  the  interstices.  It  is  gnnitest  in  amtamt  at  grciit 
depths,  and  it  may  constitiUe  almost  the  entire  content  of  dissolved 
gases*  It  has  been  calenlat*:^!  tlxat  the  neeitn  ecmtains  alxait  ten  times 
as  much  as  the  entire  atmosphere. 

2,  Organic  Matter. — ^The  orgjnic  mattei-s  in  wat<'r  are  of  both  ani- 
mal and  vegetable  origin,  sind  consist  nf  organisms,  products  of  organic 
life,  antl  results  of  disintegration  and  decomposition.  The  animal 
matters  include  dejul  and  living  organisms  and  dissolved  and  sus- 
pendi^l  products  of  animal  life  ami  decay,  sueh  as  albuminous  sub- 
stances, urea,  arul  tissues.  In  the  trupit^s  and  snbtropies,  ova  and 
young  uf  various  parasites  are*  common.  Ordinarily  our  interest  in 
organie  matter  irom  animal  sources  is  t-uuHued  to  the  prc>chicts  <>f 
humari  life  as  representtnl  by  sew^age,  which  may  contain  the  exciting 
clauses  uf  spiM'ific  diseases  (se<'  Baeteria  in  Water,  ]Kig(*  3*12)*  Vege- 
table organie  matter  exists  as  living  and  dea*l  organisms  and  tissues  in 
snsjM'UsiiMi,  sr^iublc  and  sns|H'nr!iHl  substanets  givi^n  otf  during  life,  ami 
iiolnble  uuitters  extnictwl  by  the  water  after  death. 

The  vegetable  organisms  are  r(*presented  by  very  munerons  species 
of  micruH'u|>ie  ]ilarits,  wbirli  act  U  Jicficinlly  by  abs»irbing  the  priHlnctB 
of  ra%ninic  dt'cornpusition  for  their  growtli,  but  whiefi  iuay,(»n  tiie  otiier 
hand,  ouder  fivtrable  eunclitiuns,  Irwvome  the  sonn*e  of  nHU*h  trouble 
by  over-aijundaiU  growtli,  disintcgrati*t!i,  an<I  decay.     They  may  pruj>- 
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eriy  bo  reganlc**!  as  nornuil  etJiistitnt^rits  of  surfaetvwaters,  for  thev  are 
always  preseut  in  surli,  ;inil,  rnon^nvfT,  thev  develop  tjuii'kly  in  stoix^J 
ground-wator  exposed  to  light  and  air.  When  they  die,  most  s|_>ecies 
appear  to  demy  mther  slowly,  and  the  pnuluets  of  their  dec(*mi>osition 
are  ahhorlmd  by  new  i^^nnvtlis  ;  l>nt  when  i>re?sent  in  greiit  ahinMlanee, 
the  prtigre-ss  of  deeay  may  exeetNl  that  of  growth,  and  then  their 
priKlueti?  may  aeciinmlate  and  eaiist^  fVudness. 

There  iiy  one  form  of  mienii^^opie  organisms,  bt^longiiig  to  the  ela^^r^i 
of  fungi,  whieh  merits  sjK'ciul  mention:  fVenoihrir  Kfiknifinft.  This 
IH  a  HhuDentoiis  plant  with  eells  no  hnger  thiin  the  imlinary  l>aeteria. 
It  gn»w.s  ehierty  in  gmnnd-waters  whieli  rontain  «>rganic  niatrer  and 
iron,  the  hitter  of  whieh  ingrtHlieuts  it  tixeK  in  the  form  of  ferric  oxide 
in  the  gelatinous  sheath  of  its  filaments,  whieh  thereby  beciane  yellow, 
yellow  brown,  or  brown  in  eolor.  It  eaus4S  great  annoyance  by  the 
rapidity  with  whit^h  it  grows  in  wator-pip^s^  the  Inmen  of  which  is  not 
jufriMpuntly  ci»ni|)letely  iKvlnded.  Tins  may  oeeur  more  readily  where 
the  surtiiee  preseJits  rouglniess  and  im|>erliH'tioMs,  to  which  the  growths 
may  attach  themselves.  When  the  filanients  are  broken  off  anti  Ix^ome 
disseminata!  tliriitigli  the  water,  the  latter  is  rendered  nntit  ibr  lanndiT 
use  on  ai^eouiit  «>f  the  iron-rn>t.  Sfanctimes,  it  gives  rise  to  disiigret^- 
able  mlors  and  an  inky  taste.  It  ujay  be  very  tronblesoine  within  the 
tubes  of  flriven  wells,  or  in  tlie  reservrars,  as  well  as  in  the  distribnting 
pipes.  SfimetimeSj  it  nxay  Ix^  S4X*u  in  large  aggregiiteil  masses  floaling 
alxait  on  the  snrfiicr*  of  store<l  wattT.  By  its  extensive  gnrvrth  in 
pi|K*i^,  it  may  s«*riously  atleet  a  whole  pnblic  supply. 

The  presence  of  living  forms,  either  vegetable  or  animal,  indit^tes 
that  the  water  contains  at  least  whnti'ver  fo*>tl  materials  luv  necessary 
for  their  cxi>tencej  but  not  ueeessarily  that  thc>^  are  in  excess.  .Algie, 
tor  instance^  ivcpdre  mineralized  oitrng(iious  matter  {nitnites),  and 
other  substances;  fungi  suggest  the  j>rest^nee  of  carbohydrates,  pm- 
teids,  and  mineral  substances  common  to  domestic  sewage;  infus<jria 
smuggest  organic  d<H'f>mjw*sition.  Dissolveil  vegetable  nuitters  ordinarily 
amount  to  but  little  iu  weight.  Kven  tn  some  very  brown  waters, 
whose  appearance  would  suggest  large  amounts,  they  may  be  [irc*sent  to 
the  extent  of  not  mon>  than  1  or  2  [wu'ts  iu  100,000, 

The  organic  matters,  both  animal  nnd  vegetable,  wlii(*h  are  of  inter- 
i*>t  to  the  sanitarinn,  consist  ebieHy  nf  carbon,  hydrogen*  oxygen,  and 
uitn»g^'n,  with,  in  nuiuy  cjtses,  smidl  ami au its  of  phfisphorus  and  sul- 
phur. Ill  the  prcicess  of  deeejm position,  which  owes  its  ineejition, 
pr>»gn»ss,  and  eonipletion  to  l)aeterial  activity,  tlie  (*iirlinu  is  ccmdiineil 
with  oxvgiMj  Ui  ibrni  carlHin  diuxid*",  and  the  hydrogen  unites  in  part 
with  uitiH»gi*n  to  form  anunonia,  the  presence  <il"  whifh  in  water  in- 
dii-att^s  that  the  pit>cess  of  decompositiim  h  un*ler  way.  In  its  turn,  as 
wtU  Im  shown  later,  the  ammonia  is  e(aiverte<l  eventually  t«»  nitric  aeid^ 
Mhit'h  unites  with  l>iis4's  to  form  nititites. 

AmmARJA — Vnun  the  stamlpuiut  of  sjuiitiiry  signiHeiiucc,  anunonia 
ill  vmler  is  of  prime  im}M«rtance.  Only  under  very  unusual  ennditions 
lbi»  it  exist   in  the  form  of  livdrate,  but  usually  ixs  ehlorid*'  «n-  eiir- 


SUBSTANCES  FOUND  NORMALLY  IN   WATER. 


bonate.  We  sjM'uk  <it"  it  CHintiiuulv  as  jWf  ttmmoHiti^  tor,  nn  }K*iliiigthe 
water,  theK*  siilt^  are  ikH'(Mnpn->iLHl  anri  the  aoiriKniiti  is  ex|M'iletl  iti  tlie 
.steiim.  Among  the  *Hrt*et  MUirees  nf  ammonia  in  water  h  rain,  which 
!>rings  it  down  out  of  tlie  atnio^jihere  in  varying  amount^  act'oriling  to 
looatiniK  K^iin  always  eontaiii.s  it,  hot  more  is  ] present  in  that  of 
thickly  ]M>polateil  tlistriets  than  in  the  o\Hii}  er»niitry.  In  one  instants, 
reported  by  Drown/  it  was  found  to  tlie  large  extent  of  0.05 *> 4  in 
100,000.  Its  presenee,  however,  in  surface-  and  ground-waters  is 
4kie  for  the  most  jmrt  to  deeompo?^ttion  of  nitrogenons  organic  matter. 
It  is  not  abnndant  in  m'^h'nary  nnpoHnt+nl  waters,  hut  is  pmsent  often 
to  a  very  considcmljle  extent  in  that  of  deep  tLriven  w^ells.  Here  its 
«>rigin  is  not  always  elear ;  in  some  eas<>s  it  is  suppiii^sed  to  be  referable 
to  coal  dejiosits,  in  others  to  rednetion  of  aeeumulate^l  nitrates. 

Under  onlinary  eonditions  in  suriaee- waters,  anmnmia,  aft«T  eonver- 
jiion  to  uilrates,  is  al^siiHied  very  qiiiekly  \>y  growing  vegeUitioti^  and 
the  more  active  the  conversion  and  the  growth,  the  greater  the  appnj- 
priation.  For  this  reason,  water  fri>m  the  same  source*  will  often  show 
less  on  analysis  in  smiimer  tlian  in  winter.  But  activity  of  vegetiition 
is  not  resjMmsible  alone  \\yr  this  diiierenee  in  amount,  for  in  the  i^ase  of 
large  hixlies  of  water,  as  lakes  and  pontls,  the  rate  of  inovenient  of  the 
wat^r  has  great  influence.  During  the  w^armer  months,  when  the 
U|)per  layers  are  warmer  and  eonsi.^cjuently  liglitcr  than  the  lower,  the 
latter  become  neeessarily  stagnant  and  stratified.  The  anuimnia  whieli 
aeeuniulates  in  these  tower  strata  tloes  not,  therefore,  c<mie  to  the  sur- 
fai-e  until  cold  weather  a])}*roaehe.s.  Then  the  upjRT  layers  beiM^me 
nioi-e  dense  and  tend  towanl  the  bottom,  eansing  a  displacement  of  the 
lower  layers  timanl  the  surface  and  g^'uenil  miiforru  mixing  of  the 
entire  vulnm*!  of  water.  Another  element  in  the  stirring  up  of  the 
water  of  ponds  and  lakes  is  the  action  of  wind,  winch,  liowever, 
iloes  not  extenil  Ix-yond  twenty  feet.  Still  another  influence;  to  be  con- 
-sidered  is  tfiat  of  s[>rings  at  the  bf>ttom  ami  sides,  which  tend  to  keep 
the  water  in  motion.  In  the  case  of  flnwing  rivers,  the  water  is  of 
eomparatively  uniform  ei>mpi>sition  at  all  depths. 

Ammonia  is  very  characteristic  of  sewage  pt>llution,  the  oxidation  of 
which  yields  it  in  abundance  under  conditions  which  do  not  jK^mit  it 
to  l>e  rapidly  ox  id i^ziKl  tu  nitric  aeid. 

AmniuJiia  as  it  tjeenrs  in  drinkitig-water  is  of  itself  in<'a[wiblc  of 
prudneing  harmful  etiei^ts.  Its  amount,  however,  is  of  greater  or  lesser 
i^ignilieunce  according  to  circumstances :  that  from  clciiu  and  properly 
storc^l  rain-water  is  of  tar  less  signifieiuiee  than  that  from  other  waterH. 
In  the  one»  it  may  be  consideiMblc  in  amount  and  mean  hut  litth*;  in 
otiiers,  it  is  usually  evidence  of  dc^'om  posit  ion  of  firgsuiie  matter.  Its 
amount  in  gmMl  water  is  nnt  large,  and  on  ai*(Hmnt  of  oxidation  and 
tibsorjitioii  by  vegetable  growth  it  does  not  af;cumidate.  An<I  even  in 
^ewage-pollutal    waters,    wlien    vegetation     is    active,    oxidation    and 

'  Mamyu'hiiMett**  Stiitu  Biwntl  af  fluulth:  IU'iM>rt  tui  Water  8u|>plv  and  Sewerage. 
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absorptiou   may  so  diminish   its  amount  that,  taken  alone,  it  mi^ 
1^(1  to  false  conclusions  as  to  the  character  of  the  water. 

Albuminoid  Ammonia. — The  so-called  albuminoid  ammonia  is  am- 
monia which  is  produced  in  the  process  of  analysis  of  water  by  tie 
action  of  alkaline  {KTmanganate  of  jH)ta.ssium  on  nitrogenous  organic 
matter  hitherto  undecomiH)sed.  The  result  of  the  action  is  a  splitting 
up  of  the  organic  matter  and  the  conversion  of  the  nitrogen  toammonii, 
which,  as  is  the  c«st»  with  "  free  "  ammonia,  passes  out  of  the  water  in 
the  steam.  This  matter  may  be  of  either  animal  or  vegetable  origin, 
and  its  character  is  ot  far  greater  importance  than  the  amount  of  the 
yield.  Thus,  a  water  grossly  polluted  by  sewage  may  yield  less  ft» 
another  quite  free  from  such  contiimination,  but  rich  in  dissolved 
v^^table  matter  of  no  great  sanitary  importance. 

Animal  organic  matter  is  decom|K)sed  much  more  rapidly  than  veg- 
etable matter,  some  kinds  of  which  are  remarkably  permanent,  sod, 
for  instance,  as  the  substances  which  impart  the  brown  color  to  thf 
waters  of  swamps.  Animal  matter  is  richer  in  nitrogen  than  vep- 
table  matter,  and  consequently  a  stated  amount  of  albuminoid  ammonia 
represents  decomposition  of  a  larger  amount  of  the  latter  than  (f 
the  former.  In  other  words,  a  small  amount  of  animal  matter  will 
yield  as  much  albuminoid  ammonia  as  a  large  amount  of  vegetable 
matter. 

Inasmuch  as  animal  matters  are  of  far  greater  significance  than  vege- 
table matters,  it  must  be  clear  that  the  amount  of  albuminoid  ammooia 
is  of  less  importance  than  its  origin.  And  since,  in  the  analysis  v( 
water,  the  ammonias  themselves  give  no  indication  of  their  origin,  their 
significance  can  be  measured  only  with  the  aid  of  estimations  of  other 
substances  ;  and  often,  also,  a  knowledge  of  the  source  of  the  water  and 
its  surroundings  will  be  re(]uinKl. 

Nitrites  and  Nitrates. — The  ammonia  formed  in  tlie  first  stage  of 
decomposition  and  that  washwl  out  of  the  air  by  rain  are  oxidiad 
eventually  to  nitmtes  under  the  influence  of  the  so-called  nitrifying  bac- 
teria, juid  this  sta^e  marks  the  completion  of   the  process.     The  nitne 
acid  fonned,  coming  in  contiict  with  earthy  and  alkaline  carbonate*, 
attacks  them  and  unites  with  the  bases  to  form  nitrates  and,  in  so  doing, 
liberates  carlxju  dioxide.     The  nitrifving  process  cK»curs  not  alone  in  the 
boily  of  the  water  itself,  but  io  a  much  greater  extent  in  the  interstice? 
of  the  soil,  so  that  a  water  ricli   in  all   manner  of  organic  substance* 
undergoes,   under  favonihle  conditions,   this   purifying  process  in  the 
fullest  degree  when  it  enters  the  soil  at  the  surface  and  percolates  slowly 
downward.     Belore  the  stagi^  oi*  ('()nij)lete  nitrification  is  reaiched,  tbe^ 
is  an   intermcHliate  stage,  that   of  nitrous  acid  and  nitrites,  but  it  y^ 
probable  that  the  time  during  which  a  given  amount  of  nitrogen  on  ^^ 
way  to  minenilization  remains  in  the  nitrous  form  is  extremely  shoi^ 
in  fact,  the  step  IVoni  ammonia  to  nitric  acid  is  practically  instantaneoi> 
Nitrates  are  seldom  absent  in  either  snrfa<'e-  or  ground-waters,  andm-^ 
be  present,  es|)eeia]]y  in  the  latter,  in  (juite  large  amount  (as  much  a?^ 
or  7  or  more  parts  in  100,000) ;  while,  on  the  other  hand,  nitrites  a 
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nut  i>rilianrily  present  in  un)M(lljite(l  wiit<^rs,  iintl  iis  little  ii,s  Yi^iin  P'^^^ 
ill   nKj,ni>U  <»i'  tuiy  wiiter  is  KkjIvihI  upon  as  '^*  hi|j^h/' 

It  is  n  tact  tliat  nitnite,s  are  ri\lueetl  ven^  rmdily  to  nitritci^,  an*l 
ilirthor  baek  to  aninnmia,  i»nd  even  to  Jiitrogeii  giis  itself,  by  a  variety 
nf  orgtmisnis  whit-li  aet  in  the  absenee  of  oxygen*  These  are  known 
as  tl^e  ilenitrityin^  baeteriu,  and  wliile  these  spx'ies  {tre  doubtless 
very  nunienuis,  only  ii  limited  nuiiil>er  hiive  bttii  isolat^l  and  identilitMK 
Their  iietion  is  inhihiteil  by  uxygen,  as  has  l>een  pnn'ed  Uy  Stntzer  antl 
Maid/  who  found  that  the  pnuTss  of  denitritieation  tniises  in  eultures 
tliron^^h  \vIh(*Ii  a  stream  of  oxygen  is  pas.s<KL  Thi^  was  eonfiniR^l  by 
Weissenlierg,  wh(»  observed,  fnither,  tliat  wlien  the  baeteiia  were  eulti- 
vated  ill  small  volnmes  of  nitrate  bonillon  in  flasks  of  sneh  shape  that 
the  surface  of  the  liquid  was  very  great  in  comparLson  to  its  depths 
and  expose*!  to  the  air,  they  did  not  aet. 

These  bacteria  are  eomnion  in  sewa^je  in  whieli  tht*  ectmlitions  i'ni* 
their  growth  and  sietivity — abst^nee  uf  dissolved  oxygen,  lor  instatiw — 
are  present,  (irinibert^  has  shown  that  B.  tifphmUH  and  B.  eoil  cout- 
mtinis  reduce  nitrates  and  aniidti  prineiples  in  culture  media.  The 
production  of  ^as  appesxrs  tu  Ik-  a  Vi^nlt  of  the  seniodary  rmction 
on  tJie  aniiih>  e<Hiip(.Hmds  by  the  nitrous  aeid  forme<l  through  baeterial 
action. 

Small  amounts?  )>f  nitrites  in  water  may  be  derived  fmm  the  air  by 
absorption  or  by  the  eleatnsing  action  of  rain,  and  may  be  due  to  con- 
tact of  metallic  snifaees,  brickwork,  and  new  masonry  witli  the  nitrates 
in  solution  ;  hut  they  are  almost  never  present  in  what  are  chilled  large 
amonnts  (out*  part  in  a  hnndretl  million)  exix'pt  as  an  indication  of 
sewage  |»oHution. 

Tlie  dispro(M*rtion  between  the  amounts  t>f  nitrites  and  nitrates  in 
water  may  also,  perhaps,  l>e  exp!aine*l  as  follows  :  The  nitrates  are  the 
Hnal  stage  f>f  e<jmplete  oxidation  ;  they  df>  not  go  on  tti  a  iiigher  tbnn^ 
but,  being  permanent  in  ehamctefj  accumulate  in  the  water,  unless  with- 
drawn by  vegetable  life  or  re^lueed.  The  nitrites  cannot  accumulate 
as  sn(*h,  hut  aiv  er^nvcrtef!  fo  the  higher  ibrm.  Thus,  the  lower  tonn 
is  constantly  jKissing  into  the  higher,  and  is  st^iral  as  suclu 

Nitrates  vary  considerably  in  amount,  owing  to  \^'irious  eimses^ 
They  are  almost  always  present  in  both  surface-  and  gronnd-wat-ers, 
unless  thi-re  is  some  process  at  work  causing  a  ri^ninetion  to  nitrites. 
In  u up  dinted  suriaee- waters  they  are  usually  low  in  amonnt,  but 
such  waters  genemlly  contain  more  nitntgeu  in  this  form  than  as 
ammoniiL  They  do  not  aeeumulate  grciitly  in  such  Maters  during  the 
warmer  months,  for  tliey  are  absorbed  hirgely  by  growing  veg(4ati(*n. 
Hence  they  are  more  abundant  in  winter.  In  the  warmer  mruiths  they 
may  \m'  absorbc<l  almost  wliolly  l>y  growing  algje. 

Gron lid « waters  contain  little  or  mncli,  according  to  eirennistances  ; 
in  ^-irgui  and  thinly  settle*^]  districts  the  amonnt  is  small  ;  in  r^tlaTS,  it 
is  usually  tairly  hi^^h.     In  the  former,  it  is  mainly  from  the  ammonia 

»  CenmitWiiU  fiir  Biikti-'rioln^Me,  Abth.  II.,  Bel.  2,  1896,  p.  173. 
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of  tho  rain  and  that  furmtHl  in  tlit^  diH'ay  nf  the  cjrgjinic  niattern  nat- 
urally in  tiu*  soil  ;  in  tho  latter,  it  is  due  largely  and  mainly  to  the 
a  nun  on  ia  tA'  ilornestie  -sewage. 

Groiuid-wutei'y  rich  in  nilmtcs,  when  exposed  to  light  and  airj 
generally  become  more  or  less  rich  in  vegetable  gr*)wth,  and  poorer  iu 
nitrates. 

Like  ammonia,  nitnites  in  M'ater  are  nnt  ui"  tbem8el%*e>s  in  any  way 
liarmtVd  in  the  amounts  ionnd.  1'hey  simjily  rej present  what  was  once 
or^mic*  nitrogen,  l>nt  now  ecmipletely  nuneraliziKJ.  Xor  is  their  jvre.s- 
enee  any  indiejition  of  the  natun*  of  the  original  org^inie  matter,  whether 
animal  or  vetretabh^  and  this  can  lie  inlerrwl  *>tdy  when  other  eonstit* 
uents  are  t*onsidereiL  When  present  in  eem.siderabh'  or  very  high 
amonnts,  they  indieiite  a  eorresp» ending  degree  of  past  polhition,  |»er- 
hups  nearby  existing  jK»llutioii,  antl  tlie  jKJssibility  of  futnre  danger 
from  its  recurrenee.  Therefore,  high  nitrates  shoukl  sometimes  be 
looktnl   n|M»n   with  Mispieion. 

And,  fnrtherm(*re,  it  shonld  be  borne  in  mind  that  the  evidence  of 
extensive  niineralizjition  does  not  prechide  the  existenee  of  pre^^ut 
priw^c^ses  and  the  [irest^nee  of  active  pathogenic  mi<'ro-organisms,  for 
organic  matter  may  be  oxidizeil  i*a]>idly  in  the  presence  of  living  jKitho- 
pnic  germs.  Simethn<*s,  very  large  amounts  of  nitrates  arc  found  in 
he  waters  of  veiy  dt-cp  wells,  so  largi'  that  they  cannot  be  explained 
by  the  supposition  of  oxidizeil  sewage.  In  these  eases  the  cause  ia 
sunnised  to  be  fossil   remains  or  natural   nitrate  *le]iosits. 

The  presence  <if  nitrites  in  water  is  of  far  greater  im[>ortance  thun 
that  of  nitrates.  It  means  that  fermentative  changes  are  in  progress, 
and  that  oxidation  is  not  being  eonipletcHl,  When  this  eonditiim 
obtaind,  nitrites  may  be  very  jiensistcnt.  Sonietimes,  they  mean  a 
rtxlnctitm  of  the  nitrates,  wliieli  takes  place  niainl)  under  the  influence 
of  denitritying  orgiinisms,  (piitt*  likely  to  Ih^  prescJit  in  large  nnndKTs 
in  de(XKnip(»sing  organic  matter.  Sfanetinies,  neitlnM*  nitrates  nor 
nitrites  are  present  in  sewage-] )fjllut*'tl  water ;  in  sneh  eases,  either 
they  have  not  been  formed  or  they  have  Ir^u  completely  Rnhiced. 

When  nitrites  are  present  at  the  exjK'Use  of  the  nitrates  by  the  nction 
of  metallic  surliices,  le^al  and  inm,  t'uv  example,  the  metals  then)selves 
are  present  irj  at  h^ast  (Ictectable  traces. 

3.  Mineral  Matters. — Chlorine  as  cammon  salt  is  a  normal  ermstit- 
nent  of  all  waters.  1  Jain-water  t;ikes  it  up  fmm  the  air  in  small  tmce.% 
jiartienlarly  near  tlu*  sea  coast.  In  the  s]iecinu'n  of  rain  rcferr'ed  to  on 
page  -i27  as  rich  in  ammonia,  the  cljlorinc  content  was  0.K3  per  HK>,1)0(>, 
which  is  nnieh  in  c^xcess  of  that  fonnd  in  many  inland  waters*  The 
ainonnt  of  elilorinc  normally  present  in  the  water  of  a  district  dejiends 
on  l(K-atinn  and  other  ciaiditions.  It  is  influenced  very  grt^jitly  by 
proximity  to  the  s«i,  the  air  a!:Hive  which  coutnins  necessarily  nnm^ 
than  that  at  a  distance  inland.  It  varies  in  amount  in  the  same  water 
with  ditreitnices  in  the  amount  of  niinfjdl  mid  evaporation,  and  in  the 
dirc^ctirai  of  the  wind, 

ChUnine  increases  du'cctly  with   the  population,  and  its  amount  i^ 
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influeiioefl  very  gi"eiitly  by  ii  ]tnj]HT  sy,sti'ni  of  seworajj^-  wliich  fnirrie^ 
tile  sewag*^  matter,  rk'h  in  rdtunioii  salt,  iKyourl  the  limits  oi*  tht*  dmiu- 
age  area.  Wlien  its  am  omit  rises  abovt;  the  uoririiil  of  a  lot'iility,  it  is 
iiKlieative  of  sewage,  tliuugh  not  nei^easarily  lA'  rweiit  [willution.  A8 
wo  have  s*.»eii,  the  organ it^  matters  Ix'come  mineraliztnl,  ami  no  longer 
<'xist  in  their  original  ft>rm  ;  hut  ntv  sneh  ehange  oetnirs  in  the  eh  lor  ides, 
whieh  remain  fixed  and  nnehangHi  and  they  may  l)e  tlie  only  evideaee 
remuiaing.  Thus  a  water  polhiteJ  hy  sewage  may  have  itn  organ ie 
nitrogen  eonverted  to  nitmtes,  and  these  in  turn  may  \w  absorbeil  by 
vegetable  growth  ;  it  may  Im^  clear,  etjlorless,  odorless,  and  palatable^ 
free  from  psUlMigenie  l>aeterk,  and  in  every  way  suitalJe  for  drinking, 
lint,  nevertheless,  the  chlorine  remains  as  a  witness  that  jicjllution  has 
i)cenrred  in  the  past. 

According  to  Professtir  Dri>wn,  in  a  gt^nf^nil  way  4  families,  or  20 
persons,  per  square  mile  will  add  on  an  avenige  (».Ul  part  of  chlorine 
per  lOO^OOO  to  the  water  of  a  district  in  seasons  of  aveimge  flow,  and 
more  in  time  of  drought. 

Other  Mineral  Matters,^— The  total  amount  of  dis.solved  mineral  mat- 
ter in  any  drinking-water  deix*nds  upon  the  eharaeter  f»f  the  snil  with 
which  the  water  has  becMi  in  eorjtact,  nfnm  the  lengtfi  of  time  of  expis- 
nre,  and  upon  the  amount  of  tuirbon  dioxide  hehl  in  solution.  Not  even 
the  hardest  and  most  iiisohible  rocks  wholly  escape  the  solvent  |K>wer 
of  water:  no  mineral  is  absolutely  insolnlde.  Silicate  4>f  alominutn, 
which  is  least  attol  upon,  is  soluble  to  the  extent  of  about  1  part  in 
linO,(UHK  Silicious  nx'ks  in  general  are  attacked  oidy  veiy  slightl}', 
while  limestones  are  dis^solvetl  with  comjianitive  case,  antl  yield  con- 
siderable calcium  and  magnesium  carbtmates,  especially  if  the  water  is 
rich  in  free  eai'bnn  dioxi<le.     (lypsurn  also  is  aet<LMl  upon  very  freely. 

Stiuie  waters  C(a]tain  vtTy  large  amounts  i>f  mineral  matt-^r,  derived 
from  deeply  situatetl  natural  ftejrosits.  The  Carlsbad  sjirings,  for  ex- 
anjph.%  are  ssiid  to  liri ng  annually  to  the  surface  enormous  amounts  of 
siidinm  chloride  and  euleium  ciirbonate,  besides  2, 5(H)  kil(js  of  calcium 
Hnoride,  <]<)0,(>(U)  ,if  scKlinm  carbtaiate,  and  11,(M)0,0t)<>  i^f  sodium 
Hulphate. 

B^Asides  the  ordinary  salts  of  the  tdkalies  and  alkaline  t^aiths,  most 
jjatural  waters  ecmtain  at  least  very  minute  amounts  of  imn.  Appre- 
eiabie  amounts  of  iron  make  water  iuisuita!»le  for  genend  <lom(vtie  and 
tet'lmie  piirpnses.  It  causes  staining  i)f  clothes  if  ukmI  in  thv  laundry, 
and  headaelie,  dyspepsia,  and  constiimticm  if  used  haliitually  fi>r  ilrink- 
ing.  It  c^uiuot  l>e  used  for  dyeing,  ami  as  little  as  1  fmrt  in  l|0(N);tH)l) 
n^ikes  it  unsuitable  for  use  in  bleaeheries.  A  ([uarter  of  a  gmin  per 
gallon  is  sirftieit^nt   to   im|>art  a  distinct  <"halybeate  taste. 

The  |>t*rmissil>k*  total  anumut  of  ^lissitlved  mineral  eoustituents 
cannot  be  statcil,  but  oO  parts  in  lt)(>,(KK)  are  gencmlly  lield  tn  l»e 
excessive. 

Hardness. — Hardness  is  the  cajwcity  a  wntcr  has  fnr  decomjM>sing 
soap.  It  de|Mnids  nn  the  amfvunt  of  salts  of  Mg  mui  i\i  in  solution, 
and  hence  upon  the  character  uf  the  shiI  with  which  the  wat^^r 


332  WATER. 

in  coutact.  Water  from  rocks  which  yield  lime  and  magnesia  will 
pn)bably  be  hard,  while  that  from  those  composed  of  alumina,  alio, 
etc.,  will  probably  be  soft.  Some  sandstones  will  yield  soft  and  othew 
hard  water,  according  to  the  nature  of  the  cement  which  binds  the 
grains  together.  The  elements  causing  hardness,  particularly  the  cal- 
cium salts,  have  the  property  of  making  new  combinations  with  the 
fatty  acids  of  the  sojip,  and  preventing  the  formation  of  «  lather  until 
they  liave  l>een  satisfied :  1  grain  of  chalk,  for  instance,  will  use  up  S 
of  ordinary  soap  before  any  eifect  can  be  produceil ;  hence  enormouR 
waste  of  softip  occurs  from  the  use  of  hard  water. 

Hardness  is  divided  into  " temporary'"  and  "permanent."  The 
former  is  due  to  salts  which  are  removable  by  boiling ;  the  latter,  to 
those  which  are  not  thereby  aiFected. 

Water  containing  considerable  free  CO2  can  take  up  and  hold  con- 
siderable carbonate  of  lime  by  means  of  this  gas.  Some  claim  that  the 
carbonate  is  changed  to  bicarbonate,  but  this  compound  has  never  been 
isoliited.  If  the  gas  be  expelled  by  heating,  the  solvent  power  no 
longer  remains,  and  the  amount  so  held  is  precipitated,  and  then  can 
exert  no  more  influence  in  causing  hardness.  The  chloride  and  sul- 
phate of  calcium  are  not  aifected  by  boiling.  Magnesium  carbonate  is 
precipitated,  but  redissolves  on  cooling. 

The  diflerence  between  the  original  hardness  and  the  harduegs 
remaining  after  boiling  is  the  "temporary"  hardness.  Permanent 
hanhiess  is,  then,  due  to  those  salts  not  affected  by  boiling,  that  is, 
to  osilcium  sulphate  and  chloride,  and  magnesium  salts ;  and  if  above 
o  jmrts  in  100,(X)0,  is  commonly  r^:arded  as  excessive  and  injuri- 
ous. Calcium  sulphate  k  not  alone  objectionable  in  drinking-water, 
but  also  in  water  usihI  in  boilers,  since  it  is  less  soluble  in  hot 
than  in  cold  water,  and  thus  forms  a  "scale."  Scale  is  of  two  kinds : 
that  duo  to  the  teni{x>rary  hardness,  easily  removed ;  and  that  from 
CaSO^  which  is  hard,  vor>'  adherent,  and  removed  with  difficult}* 
The  latter  is  dejxv^iteil  the  more  freely,  the  higher  the  temperature  of 
the  water. 

lioilcr  scale  sometimes  is  due  also  to  other  causes.  For  instance, 
.V.  Heichanl '  has  n'ix>rtiHl  a  case  where  serious  difficulty  was  caused  by 
the  formation  of  a  sc:ilc  of  sili«i  and  lime  from  a  water  which  containe!ci 
onlv  l\.*>0  jiarts  (»f  lime  and  niapicsia,  but  as  much  as  2.60  of  sili(^' 
l^>ilcr  >c:»K»  i^ausi^  irn\»t  loss  of  fuel,  by  interfering  with  the  transmit' 
sii»n  of  ht*at  to  the  water.  Hanhuvss  is  not  only  undesirable  in  wate-r 
ustnl  in  xhv  l.uniilrv  and  luith,  hut  also  in  that  used  for  cooking pu^" 
posi»s,  tor  it  nuikos  ivitain  of  the  vt^etables  liard  and  indigestible. 

Bacteria  in  Water. 

T\\v  onlinarv  w att r  baottria  an*  Httmless  and  ben( 

whii^lK  dcjHMidinir  u|>on  dtiid  ori::iii  r  sim 

it**  it»nvt'i^iou  into  vimpK^  rliomii 
thoM^  sipi>»phvtir  o!Y:tui^"i>  ex 
■  1  hi'iuikt* 
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two  hundred  varietie-^  hnve  thus  far  beeu  deticribed.  They  may  be 
present  iu  .'imall  or  in  enc^rniouslv  hirj^'e  numbers  without  being  neee?<- 
sarily  of  bygienie  signifieanee,  altliongli  usually  their  existeriee  in  large 
numbers  iudieates  the  preseni"*^  of  au  abundauee  uf  organic  niatler,  and 
yet  they  may  thrive  and  Tnnhiply  enormously  in  water  containing  al- 
most no  orgiiuie  JtHHl  materials.  Indeed,  mnltii>li(»ation  oeenr.-^  mure 
rapidly  in  pure  than  in  jMillutetl  water,  but  diminntiou  in  nimilK'r  is  also 
more  rapid.  In  impure  water,  they  multiply  slowly,  but  their  growth 
is  pei-sistent,  au<l,  under  oi-dinarv  natural  eonditious,  sudden  nuirked 
diminntiou  in  nund>er  dix^is  not  m-eur. 

The  ordinary  water  bacteria  are  fonntl  in  nmeh  grt»ater  abundance  in 
surface- watei*s  than  in  those  ileriveiJ  fnan  the  soil.  ludetnl,  many 
observers,  ineludiug  Koch  and  Fraeukel,  have  maintained  thnt  w^aters 
from  the  nupi^lluted  subsoil  aiT  praetieally  sterile.  This,  however,  ba8 
bt^u  sliowu  \>y  Sttlgwiek  and  Presc*i»tt  '  to  be  not  the  ease.  Using  ini- 
provtHj  metlHuls  of  investigation,  and  paying  sjje<ial  attention  to  the 
nature  of  their  culture  media,  these  observei^i  demonstrated  eouclusively 
that  wholly  nnpjlkitiM]  springs,  wells,  and  tube  wells  may  yield  consid- 
er.ible  numbers  of  l)acteria  and  .s^jmetitnes  a  greater  abundance  than  is 
contained  in  some  snrfaee-wate»*s.  In  their  paper  they  state  '*  that  the 
jilates  are  remarkable  not  only  for  tlje  slow  growtli  of  the  speeier^ 
present,  bnt  also  for  the  absence  of  litpicfying  eolonieis,  antl,  in  many 
C4is+^s,  for  the  abundance  of  e[mr)niogenic  varieties.  These  factn  an; 
es[nH;ialIy  important  as  indit^Jiting  the  t«>tal  absence  of  contnnination  by 
onliuary  sin*faee-watcr,  and,  as  fur  as  tliev  go,  they  sti\?ngtbcn  tiie  eon- 
tidcnw  with  which  well-proteete*l  gnaind-watei's  may  he  r<'garde<l  sls 
sources  of  public  water  supplies,"  Their  cravclusions  and  results  have 
been  confirmed  a  number  of  times  by  other  c*<impctent  invcstigsitors  eis*/- 
where.  Gmund-waters,  when  brought  to  the  surface  and  ex|>osiHl 
to  the  air,  snon  l)e*'orae  rich  in  the  onliuary  tbnns  of  l>actcria,  which 
find  in  them  the  conditions  necea^sary  tor  extniordinarily  mpid  multi- 
pi  ic^ition. 

Surf  ace- wateiN  vaiy  vi^ry  much  in  tluir  luictcrial  crmteut  ju*eording 
as  the  coui  lit  ions  present  at  any  one  time  favor  nr  retanl  growth  and 
accessions.  Sunshine,  influx  of  fiNxt  jnaterial  or  of  sid>stances  hiimic^al 
to  bacterial  life,  sedimentation,  and  growth  of  higher  orgiUiisms  act  for 
or  agjiinst  inereas*:'.  Su-'-pnik'^l  mattci's  in  thi'ir  descent  carry  down 
with  them  the  bacteria  that  have  gathereil  ujmmi  theui  i>r  have  hxm 
entangled  by  contiict.  Tlie  diminutiou  iu  tlieir  unmbcr  l>y  this  means 
is  m<a'c  markt^l  in  still  waters  than  iu  rivers  with  rapid  motion.  The 
gr*»wth  of  algie  and  other  water  plants  canfK*s  dimiimtiou  by  removal 
of  the  nutrient  materials  upon  which  the  baetena  depend,  jmd  pnibiibly 
tfn*ough  some  otlu*r  influeuec  not  yet  dist^ovcred.  The  mfn-ase  in 
Ixicteria,  sometimes  noticed  during  the  cidder  months,  is  exfjiainwl  by 
Frankland^  by  the  fact  that  in  winter  much  water  runs  iu  ovrr  the 
snrface  from  nmnured  fields, 

*  KepiiH  it(  the  Statu  hmni  oi  Ift-nlth  of  Mti-i^'ulmsettH  for  1894,  p  435. 
'Tlie  Bacl^nul  Puriticfttioii  uf  Water,  Irfjedon,  1897. 
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Besidi*s  th'ise  forms  whose  luiturul  habitat  h  water,  oth^rsi  ai^ 
prt*si€»Dt  whose  natural  hubifjit  h  the  btKlies  of  man  ami  ani[uai>:,aiid 
whicli^  ill  \vater»  iiri%  therefore,  in  an  nnmitunil  nie^timn.  Tbtse 
forniis,  wliieli  inelnde  the  patiiogt'nie  vurirties,  probably  «1m  not  iuemisc 
ill  numl>er  in  water,  whether  the  hitter  \m}  pinv  or  extciii?<ively  |)»)11tit«L 
They  live  lorn  certain  time,  retain iiijif  thtir  vinilenee  in  nmlimiaij^M 
degree,  and  tiien  tend  to  beeome  nHwliHi'd  in  this  resj>eet  and  nipiMlytn 
di.^ppeitr.  The  germs  of  eholeni  luive  Ixen  found  in  Si'ine  water  in 
an  aetive  state  after  seven  davs,  ami  in  ordiniirv  dniikinjt- waters  nt 
long  as  twenty  days  after  addition.  The  typhoid  fevei*  oi^nism  will 
live  fur  longer  or  sliorter  |»eriixls,  aceurtling  to  erremnstimoes  ;  it  bij*  lireti 
found  in  very  jmre  water  after  more  than  i^even  weeks,  %vhile  in  haJljr 
polhitttl  water  it>  life  is  very  r^liurt.  Sunshine  and  tempeniture  ap|»eaf 
U*  have  veiy  dtx-ided  inHnenee  ujion  its  vit;dity.  The  influence  of  «»uf>- 
yhiue  is  modified  by  the  ilepth  of  the  water  in  w*hicli  the  «irpiwi8m  i* 
suspendtrtl.  Ikiehner  '  lias  shown  thnt  the  rays  of  the  sun  will  kilt 
eultures  of  the  typhoid  baeillus  at  a  depth  of  about  five  feet  in  foar 
anil  a  half  liuurs,  while  at  double  that  depth  their  ei!et*ts  are  bjtnik 
jK'nx'ptiijle,  While  it  is  true  that  this  organism  survives  longer  ia 
cold  tliau  in  w^arra  weather,  it  eiinnot  be*  said  delinitely  that  the  fw- 
son  lies  in  any  inherent  greater  resistance  to  the  influenee  t*f  v<)\i 
than  to  that  of  heat  ;.  and,  indet'd,  it  seems  more  probabk"  that  tb& 
exphunition  is  to  bo  tbund  in  the  faet  that  in  warm  weather  the  Of)D- 
ditions  are  more  favorable  to  the  growth  of  the  eonimon  tipecies  of 
water  ha(*teria  which  are  believe«l  to  secrete  substances  w^hich  exert  a 
toxie  influi*nee  on  jvathogrnie  vurieties  and  «iuse  them  to  disappear. 
The  belii'f  that  siicb  toxin?^  are  seeri'ted  is  stn^ngtheiiHl  by  the  res4^ireh(s 
of  Frankhni<l,*  who  shows  that  waters  wlii(4i  do  not  favor  ImcUTwl 
nndtijilieation  art*  ehangeil  in  this  pjrtieular  on  being  Imileil  He 
iVmnd  that,  w^hile  anthrax  spires^  were  mneh  diminisheil  in  nnmU'ror 
aetnallv  destroytnl  in  :i  sh«»rt  time  in  nnslerilized  water,  their  nuinl>cr» 
were  not  rtHlue('<l  nnd  tin  ir  virulence  remainetl  unimjuiirtHl  iu  sttrile 
water  after  n|>wanl  of  seven  months.  These  t^rxie  sul>stanees  are  piv- 
suniably  n<it  set^reti*il  by  all  forms  of  water  bacteria,  bnt  diiIv  by 
certain  sfHML*ics  which  nwiy  tw  may  not  Ix*  [nvsent  in  any  given  ^vatef» 
and  it  i>  regarded  as  most  likely  that  they  are  not  inindeal  to  the  sinit 
extent  to  all  varieties  of  pjjthogenie  Inieteria,  but  that  snl>staneef*  baitn* 
less  to  one  kind  may  act  fatally  on  annther.  In  genend,  it  may  ^^ 
stated  that  pathogenic  bacteria  which  fcjrm  spores  retain  their  vitalitf 
ami  vindenec  longest  in  any  kind  of  water. 

(.'(jncerning  tile  si^niti^inir  of  B.  coli  vommvnh,  which  is  exceetlin^V 
common     in    drinking-water,    there    is    much    ditleret»cc    of    opiniou* 
Kruse,''  in  1894,  assertetl  thnt  this  organism  is  ro  ubiquitous  tbat  it 
i'annot  lie  rt*garded  as  characteristic  of  sewage^,  anil  in  this   |x>eitioii  l^t 
lias  reeeiveil  the  sujuMirt  of  a  number  of  other  investig;Uors,  who  haVtti 

^  (Vntralblult  f?ir  BakteriQloi^iv  iiml  Panisitenkundei  XI,  p.  7^1 

*  Joiininl  i>f  8tute  Medicine,  Jainmrv,  1S!I4. 

*  Zeilwhrift  Fiir  Ilygk-ue  und  1  ri feci JMiiKkiiinkhei ten  XVIL,  p.  1. 
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succeedcfl  in  isolating  the  orgiinti^ra  tnnii  all  waters  examineil,  altlirnigh 
in  many  ruM^.-^  it  wa^  iK'e«Assarv  tuemjiluy  large  volumes  of  the  sarnplf,'^. 

The  eomniittee  oi*  thr  Lahomturv  Si'Otinn  of  the  Ameri*^in  Piil>lie 
Health  Asstwiation,  to  which  the  cjuestino  of  the  i<ignitie4inee  of 
B,  coli  iu  w^ater  supplieft!  was  referred,  re[x>rted  ^,  in  October,  1903,  that^ 
ill  spite  of  the  fact  that  numerous  investigtitors  have  found  the  r>rgunisni 
where  it  could  not  direi'tly  be  trueed  to  sewage  nr  Ileal  pollution^  the 
coinu  tc^i  of  water  is  a  safe  index  of  pollution  ;  that  their  unndK-r 
mtljcr  than  their  mere  presence  should  be  ustid  as  a  criterion  of  rivcnt 
sewage  pollution  ;  that  evidence  of  the  presence  of  B,  colt  in  a  majority 
of  1  ec.  samples  shouhl  be  rHjuired  for  a  conclusion  that  a  water  i.-i 
sewage  polluted  ;  and  that  the  ejEauiiuatuiu  of  large  (lOO-lOUO  cc.) 
samples  for  B*  coli  shouhl  Ik*  discouraged  (rme  t»f  tive  members  dis- 
senting). On  tlie  question  of  the  desirability  of  isohiting  strcptoeocei 
as  well  as  B,  coiiy  to  confirm  suspieioiis  evidence  of  pfdlution  offered 
by  B,  eoliy  there  was  no  agreement,  but  great  diversity  iff  o|>itjion, 

Aecordiug  tu  Chirk  and  Grage,^  of  the  Ijawrence  Exjieriment  Station, 
whose  eonehisions  are  based  on  the  results  of  examination  of  sf>me 
16^000  samples  of  water  fn:>m  all  sources  and  of  more  than  2000 
miscellaneous  samples  of  shcHfish,  sea-water,  ice,  milk,  dust,  excrement^ 
etc.,  the  eohm  l>aeillus,  oecurriug  more  numerously  tJian  all  other 
bacteria  in  normal  sewage,  is  the  most  valuable  index  of  sewage. 
When  a  considerable  number  of  samples  fr<jm  the  same  source  are 
examined,  100  &\  samples  fre^utnitly  give  more  information  as  to 
quality  than  do  single  cubic  centimeter  samples.  In  filtered  pollutcvl 
water,  bacterial  tests  are  of  greater  value  than  ehemicitl  analysis  ;  and 
disturbing  factors  in  filtration,  t^hown  sligljtly  or  not  at  all  by  ordinary 
bacterial  counts,  are  oflteQ  sJiown  strongly  by  B.  coli  tests. 

WATER  SUPPLIES, 

Immediate  sources  of  water  supply  comprise:  1.  Btijred  rain.  2. 
Surfacf^ waters,  including  rivers,  hikes,  and  gathering  basins,  3. 
Ground- waters^  including  wells,  filter  giilleries,  and  springs. 


L  STOEED  EAIK. 

Where  other  water  i^^  not  obtaiunhle,  and  wliere  the  natural  water  is 
unlit  tor  drinking  or  for  washing  and  other  (h>mestic  purposes,  stored 
rain-water  is  usetL  If  this  is  collected  under  proper  prccantitms  to 
prevent  the  presence  of  extraueous  nnitters  of  un*h"sirahlc  character 
intm  the  rweiving  area,  aud  propt-rly  stcmnl,  it  const ttutcs  a  nic»st 
whoh'souie  supply.  Rut  excepting  where  rainfall  occurs  with  regu- 
larity an<l  trci|Uuuee,  the  uncertainty  uf  supply,  esjieeially  in  j)criods  of 
<lrought,  acts  as  a  great  drawliack.  An  inch  of  raiid'all  is  equivalent  to 
5.(>1  U.  8.  gaHons  jier  sf|nare  yani,  or  27,152  gidlonn  |>(r  acre,  but 

*  PoMk:  HfaUh  Paf>ens  ari.l  Report}*,  XXIX,  p.  356, 
'  Ihidein,  p.  :iS(j. 
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only  a  small  proportion  of  this  falls  upon  sur&oes  (roofs,  etc) 
which  it  may  be  collected. 

The  total  collecting  area  of  the  roof  of  any  building  depends 
upon  the  shape  and  style  of  the  roof,  but  upon  the  amount  of 
occupied  by  the  building.  Thus,  a  house  40  feet  square  will 
practically  1,600  square  feet  of  watershed,  or,  allowing  for  the  pi 
tion  of  the  eaves,  somewhat  more,  and  this  whether  the  roof  he  flil^' 
pitched,  garabrel,  mansard,  or  irregularly  disposed.  Upon  such  u 
-area,  1  inch  of  rain  will  yield  nearly  a  thousand  (997)  gallons.  The 
mean  annual  rainfall  of  Maasachusetts  is  43.17  inches,  and  on  this 
basis,  a  roof  of  this  size  would  receive  in  a  year  over  43,000  gaUon^ 
which  would  allow  for  all  the  needs  of  the  occupants,  for  drinkiii^ 
oooking,  bathing,  laundry,  and  other  purposes,  nearly  120  gallons  fff 
•diem.  But  under  ordinary  conditions  of  storage  in  cisterns,  a  veiy 
large  amount  of  loss  occurs  through  evaporation,  and  thus  the  daSf 
allowance  would  fall  somewhat  below  this  figure. 

In  collecting  rain  from  roofs,  it  is  very  necessary  to  insure  cleaoB* 
ness  of  the  supply,  by  allowing  the  first  flow  to  nin  to  waste,  thewkf 
avoiding  contamination  by  dirt,  leaves,  bird-droppings,  soot,  and  od«r 
matters  deposited  upon  the  roof  and  collected  in  the  gutters.  A  num- 
ber of  automatic  devices  are  in  use  for  the  purpose  of  diverting  die 
first  washings  away  from  the  conductors.  After  this  has  been  done^ 
they  change  position,  so  that  the  subsequent  fall  is  saved  and  stored. 

Irregularity  in  precipitation  is,  as  has  been  remarked  above,  a  serioos 
drawback  to  reliance  upon  rain  as  a  sole  supply.  Partly  owing  to» 
general  belief  that  great  battles,  in  which  large  quantities  of  explo- 
sives are  used,  are  commonly  followed  by  heavy  rain,  numerous  experi- 
ments have  been  tried  toward  breaking  drought  by  discharging  power- 
ful explosives  iu  the  uj)j)er  strata  of  the  atmosphere,  but  without 
success.  As  a  matter  of  fact,  the  idea  of  connection  l>etween  battles  ] 
:in<l  rainfall  is  bv  no  means  new,  and  has,  indeed,  come  down  from  I 
times  antedating  the  use  of  gunpowder  in  warfare.  Furthermore,  in- 
vestigation of  p>v<»rnment  records  has  shown  that  the  popular  belief 
lias  no  iomulatioii  in  fact,  and  that  great  battles  have  been  as  often 
followed  l)v  periods  of  fair  weather  as  by  days  of  storm. 

Rain-water  requires  no  aenition,  for  in  its  descent  it  has  absorbed 
eonsidenibh'  air  ;  hut  melted  snow  and  ice  should  be  shaken  Mith  air 
or  jx>ure(l  repeatedly  from  one  vessel  to  another,  in  order  that  they  may 
lose  the  flat  taste  so  ehaniet(»ristic  of  unaerated  water.  Moreover,  their 
use  in  the  flat  condition  is  believed  to  conduce  to  gastric  derangement. 
Snow-water  is  usually  more  iinpun*  than  rain,  because  the  snoM'flakes, 
by  r(\ison  of  th(Mr  larger  surface,  are  more  efficient  in  removing  dust 
and  dirt  from  the  air. 

Cisterns  for  storage  of  rain  should  he  so  constnicted   and  arranged 
as  to  admit   of  easy  inspection    and  cleansing.     They  should  he  kept 
covered,  so  as  to  exclud(^  dirt  and  dust  of  all  kinds,  insects,  mice,  and 
other  animals,  and  to  shut  off  light  as  well,  for  the  presence  of  light 
is  an  imix)rtant  aid  to  the  develoi)nient  of  lower  plant  forms.     The 
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best  materials  for  their  nni?<tnu'dt>ii  art;  brickt^^  i^tone^  cement,  and 
slate.  Cement  raukes  u  ^^ood  lining  if  one  is  de?^ire<l  ;  mortar,  bow- 
i-veT,  is  (ihjeL'tionable  im  aei:*ount  nf  tlit*  solvt-iit  puwer  nf  wuler  U|)un 
lime,  wiiieh  will  e4lu^e  t»rogr«j'ssive  iiRTwise  in  liartJness,  Cisterne 
.-lumlil  l>e  provided  with  overflow  pipes  discharging  into  the  open  air 
nitlier  than  into  t]w  house  sewer,  and  their  exit.s  should  l)e  protected 
by  wire  nettiug  against  tiae  eiitramn*  uf  h^iives  and  small  animak. 


2.  SUBF ACE- WATERS. 

For  public  supplies,  esjM^rially  ol'  largi!  e(*unu unities,  surfae(^wat4?rs, 
as  rivers,  lak^is,  and  et)lleetiu)::  b;tsins,  are  t^etk'rally  more  available  than 
ground- waters. 

Ijarge  rivers  and  lakes  ai>?,  unfortunately,  ver>^  cummonly  subject  to 
most  extensive  i>olUitiim  by  .seWLigi*  of  large  communities  and  manu- 
facturing establishments  along  their  borders,  ami  by  the  waste  products 
discliarged  into  them  from  sailing  vessels  and  steiiniships*  Many 
rivers  are  snbject  to  progrt*ssive  incrwii^e  of  [Mjllution  by  rejistm  of 
rierviag  as  the  most  convenient  recejitaclc  tor  the  sewage  of  a  Mieeession 
of  towns  and  cities  loeat<il  at  intervals  from  the  soun-e  to  the  mouth. 
Thus,  one  town  takes  its  water  from  a  [Niint  above  and  discharges  it« 
sewage^  at  another  plaet*  below ;  a  second,  farther  down,  takes  tlie 
alrejidy  conttmiinated  waterj  and  in  it«  turn  discharges  its  sewage  at 
linother  convenient  |M>int,  and  so  on  fr>r  the  rest  of  the  course.  On 
account  of  the  dangers  attending  the  use  of  such  waters,  some  process 
of  treatment  is  im|H*rativcly  demanded  to  remove  the  objt^?tionable 
t^lenieiUs,  The  ditferent  j>roeesses  availabh"  for  this  work  nrv  considered 
elsewhere* 

The  public  min<l  is  Ix'iug  awakentj<l  grathially  to  the  wrong  practised 
upcm  nuccomnmuity  by  amvthcr  by  the  dist^harge  of  untreat^^fl  stnvage 
into  what  is  its  only  available  water  supply.  In  the  wise  of  cities 
located  upon  the  shtnt^s  of  the  (jreat  Lakes  and  other  large  IvtKlies  of 
imsh  water,  it  is  commonly  the  t^se  that  the  intake  uf  the  water  sup- 
ply is  loc4ited  at  no  very  great  distance  frt^ni  the  ontfall  of  the  main 
.sewers.  Smaller  rivers  aufl  lakes  may  l>e  subject  to  the  same  influences, 
thmigh  in  lesser  degree  ;  but,  in  gene  rah  it  may  be  said  that  these  ore 
controlh^d  more  easily,  esjKviaHy  when  they  lie  wholly  within  the 
jnrisdif^tion  of  a  single  law-making  power. 

Basins  for  the  colleetirm  and  storage  of  nunfall  and  surface-waters 
are  eonstntctt\l  by  throwing  a  dam  across  a  valley  i>r  <*ther  convenient 
depression.  Kx per ie ne'e  has  taught,  that,  even  though  involving  large 
expcndittu^e,  it  is  best  to  strip  off  the  surface  layei's  in  order  to  get  rid 
of  all  organic  matter  and  vrgetatiou,  whicli,  if  left  in  place,  may  prov^e 
fruitful  sources  of  trouble.  The  water  wliich  g^itlicrs  in  them  has  op- 
|x»rtiinity  to  rid  itself  of  much  of  its  suspetnlcd  matters  by  stHlimcnta- 
tion,  and  h  mure  otl:en  ust-d  without  further  treatment   than  otherwise. 

All  sui*face-w: iters  contain  more  or  less  active  vegetation,  and  on 
that  account  should  always  be  ke]jt  exjioseil  to  light  and  air,  otherwise 
n 
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t!io  juimite  (*lauts  will  d'u:,  uikI  in  tht-ir  iltTonifwi^jtioo  give  rL^  to 
inip!t'ii8aiit  iHiui\  a|j|>i'ura»ce,  uiiil  tahk'.  Storage  resen^oirs  s^liould 
liavi"  suftifieiit  tlpjitli  tn  prtn^ent  tlie  whUt  trtmi  lHX'<HiiiiiiJ^  heated  to  an 
uiijileiisiint  tlegrtH'  tliiriiig  tin*  wanii  iiKMJtlis  ni'  sunuiien  In  ^(lallnw 
re.stTVoiri^,  thij>  is  inimil  to  he  a  emu i nun  cKviirreiu'e* 

All  jsodrees  oi'  surfaee-water  ior  jiublie  su|)]ily  sli*iukl  be  e^irefiillv' 
gnanJe<i  against  sewag<_»  funtaniinatifHL  It  is  (jfteii  iieeessarv  to  secure 
proteetion  i'vau)  jiollntlon  liv  takuiLT  j^nat  triK-ts  of  laiul  and  keeping 
tbeiii  free  ft'oni  Iminaii  llilhiUltiui(^  a  J  it  I  JJidnstrial  plants. 


3.  aROXTND'WATERS. 


Some  large  romninnities  and  inany  small  ones  where  no  8nitable 
bodies  of  surfatx'-water  are  avaihd>le  for  imblir  su|j|)lies,  atij  themajt»r- 
ity  of  thinly  «ettle<l  districts  which  do  not  a<hnit  of  pid>lic  watenvorks, 
(lepeinl  upnii  the  groniid-watcr  as  the  sonree  nf  sn[»|ily.  For  public  dis- 
tribuliun,  tlie  water  tlins  derived  is  st<ir(H:l  in  suitable  reservoirs,  whii'b 
often  nmst  be  eoveretl,  in  urder  U*  cxelutle  light,  (irutiiid- water  is 
destitute  of  plant  life,  but  is  g<.'iicrally  more  or  les.s  rich  in  mineral 
constituents — iiitnvtes,  and  lime  salts,  for  example — which  coiiBtituto 
appropriate  ]ilant  fonfl,  Tf  ex  jm>sh1  to  air  and  light,  vegt:'table  growtli  nin  v 
start,  nj)  and  beettnie  very  hixuriaiiti  and  give  rise  to  unplesisant  t^istes  antl 
repulsive  odcjhrs,  while  exclusion  of  light  and  air  prevents  the  ilifhcuhy. 

For  individual  domestic  snp[jly,  stonige  is  not  ordinarily  necessary, 
the  water  being  obtaineil  only  us  inmiediately  needed  or  pumped 
period ieally   into  small   distributing  tanks. 

In  general,  onpollntetl  gronnd-wuter  of  not  excessive  hardness  is 
pi-eferable  to  suriace-wat<*r,  on  acctmnt  *)f  the  greater  exposure  of  the 
latter  to  the  many  risks  of  pollntioiK  But  it  should  be  l)orne  in  mind 
that  all  sources  of  su]>ply,  Ivoth  surface-  and  ground-waters,  may,  under 
one  conditinn  or  anotlier,  br  hubjtH-t  to  pf>l luting  iniiueuces,  and  that  the 
eonditions  prevailing  in  one  IfK'ality  are  likely  to  be  quit**  different  fn>ni 
those  in  another. 

Ground*watcr  is  ohtaiutKl  from  springs,  or  by  sinking  wells,  or  Ijy 
constructing  tilter  galleries. 

Springs  arc  merely  local  outemppings  of  the  watcr-tabk%  and  are 
very  subject  to  variiitions  in  tijc  volnnie  i*f  f>uttlow*  In  time  of  dnmght^ 
they  sometimes  cease  their  tlow  eonxpletely,  becausrc  of  fall  in  ttie  level 
of  the  gmund- water  ;  and  this  may  hap|M^n  even  in  the  aise  of  those 
Imiiteil  at  the  fnit  of  higli  hill^  nr  miMintains,  The  pojudar  mind 
endows  >prings  with  a  rcmarkaltle  and  unvarying  degree  t»f  purity,  but 
they  share  witli  <*thcr  waters  the  likelih^HMl  of  becMnning  polluted.  The 
pissibility  of  nMJtaminnlion  after  and  even  at  the  jm tint  of  issuance  from 
the  ground  is  tmi  oftetj  overlookKl. 

Springs  arc  common  to  some  localities  and  rare  in  others  *if  similar 
contour^  their  j>rcsencc  or  absence  biding  determinc^l  by  conditions  notl 
of  the  surface,  but  of  tlie  gcH»logic{d   formations  beh>w.      In  Figs.  2;>' 
and  26  are  shown  in  pnjtile  Um*  dejiressions  having  the  same  ctmtonr. 
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pfc  with  very  different  arrangement  of  the  underlying  strata.  In  Fig. 
1^  the  formation  fiivors  the  outcropping  of  springs ;  in  Fig.  26  the 
kpoeite  is  the  case. 

Fig.  25. 


FiQ.  26. 


Wells  may  be  classed  as  dug,  driven,  and  bored.     Sometimes  they 

MR  divided  also  into  deep  and  shallow  ;  but  these  terms  as  a  basis  of 

^kflsification  are  of  doubtful  utility,  since  there  can  be  no  general  agree- 

Ment  as  to  the  line  of  division  between  them,  and  because  of  the 

absence  of  any  necessarily  distinctive  peculiarities  in  the  water  yielded 

fcjr  ordinary  wells  of  different  depths.     It  is  not  uncommon  to  meet 

■with  general  statements  that  the  water  of  shallow  wells  is  dangerous  to 

kidth,  and  should,  therefore,  be  avoidcnl,  and  that  all  shallow  wells 

riioald  be  condemned  and  filled.     As  will  be  seen,  however,  shallow 

li^ls  are  not  necessarily  dangerous,  nor  are  deep  ones  always  safe  by 

Kason  of  mere  depth. 

By  some  writers,  the  term  deep  is  applied  to  wells  which  obtain  their 
^ter  from  below  the  first  impervious  stratum,  through  and  beyond 
which  they  have  been  ext<inded ;  while  the  term  shallow  is  aj)plied  to 
tboee  which  draw  fn)m  what  we  desijrnate  as  the  ground-water ;  that  is, 
tint  collected  over  the  stratum  above  mentioned,  regardless  of  the  depth 
*t  whieh  it  lies.  With  these  meanings,  it  iollows  that  a  shallow  well 
•ay  extend  farther  downward  than  anotluT  elasscnl  as  deep. 

The  ordinary  dug  well  is  a  hole  dug  in  the  soil  down  as  far  as  is 

Woessary  to  reach  water,  and  Iine<l  with  brick  or  stone,  or,  better,  with 

futhenware  tubes  of   large  diameter  made  for  the  purpose  in  short 

ieogths  with  bevelled  edges  to  secure  good  joints.     All  brick  and  stone 

Ifnings  should  be  well  l)edded  in  clement,  (»xcept  near  the  bottom,  and 

«hoald  be  faced  with  the  same  material  throughout  their  up|)er  part. 

The  impervious  lining  is  necessary  ff)r  the  prevention  of  the  entrance 

>f  fflirface  washings ;  but  it  is  very  generally  the  case,  in  some  parts  of 
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the  country  at  least,  that  the  well  is  lined  simply  with  field-gfeoB^ 
without  cement,  not  for  the  purpose  of  insuring  freedom  from  smfri 
impurities,  but  to  prevent  the  sides  from  caving  in.  With  a  profl 
lining,  no  surface-water  can  enter  until  it  has  passed  through  a  dejd 
of  soil  sufficient  to  insure  proper  filtration  and  purification. 

A  dug  well  should  not  be  left  open,  but  should  be  closed  cnmpletdf 
against  the  entran(*e  of  dirt,  leaves,  and  animals,  such  as  toads,  mole^ 
mice,  and  rats.    The  cover  should  be  supported  on  a  well-set  curb,  anil 
be  sufficiently  tight  to  prevent  the  return  of  water  spilled  or  alloffd! 
to  run  to  waste.     A  manhole  with  a  trapdoor  should  be  provided  as  tl 
means  of  inspection  and  cleaning. 

For  bringing  the  water  to  the  surface,  pumps  should  be  used,  a«l| 
not  buckets  worked  by  windlass  or  well-sweep.  In  country  dL^tncHj 
it  is  a  common  practice  to  employ  buckets  made  from  kegs,  originillT 
used  as  containers  for  white  lead.  It  is  hardly  necessarj'  to  call  attea- 
tion  to  the  injury  which  may  be  caused  by  the  use  of  such  vessels. 

The  pump  may  stand  directly  in  the  well  or  away  from  it  and  con- 
nected therewith  by  means  of  a  ])ipe  running  laterally  and  downwaii 
The  latter  is  the  better  way,  as  any  water  wasted  at  the  pump  is  pre- 
vented by  location,  if  by  nothing  else,  from  running  back  into  the 
wtII,  and,  moreover,  the  covering  of  the  well,  if  of  wood,  is  not  continu- 
ally subjected  to  wetting,  which  promotes  its  decay.  The  best  form  of 
pump  is  the  simple  lifting  pump,  made  of  iron  or  of  wood,  and  con- 
sisting of  an  evenly-bored  barrel,  closed  at  the  lower  part  by  a  \'alve 
ojHjning  upward,  and  a  j)iston  containing  another.  The  upward  stroke 
of  the  j>iston,  by  prtKlucing  a  vacuum,  causes  the  water  to  pass  througk 
the  lower  valve,  and  its  downward  stn)ke  forces  the  water  confined  in 
the  barrel  through  the  up|)er  valve,  and  then  the  succeeding  strokes  lift 
and  discharge  it  continuously.  The  old-fashioned  chain  pumps  cannct 
be  used  without  more  or  less  chance  of  exposure  to  contaminatioi 
from  above. 

The  action  of  the  wind  is  very  commonly  employed  as  a  labor«iver 
for  j)uinj)ing  \Vater  not  only  from  the  well,  but  upward  into  resenoiB 
and  distributing  thinks.  For  this  purpose  a  varietj'  of  wind-mills  have 
been  put  upon  the  market. 

There  are  also  a  numlK^'  of  makes  of  hot-air  engines  that  are  very 
efficient  and  not  unduly  exj)ensive. 

Driven  wells,  otherwise'  known  as  "Norton's  tube  wells,"  "Ameri- 
can,'' and  "Abyssinian"  wells,  are  made  by  driving  iron  tubes  of» 
diameter  varying  from  1 J  to  4  inches,  according  to  the  needs  of  iwfi" 
vidual  cases,  into  the  ground  until  water  is  reached.  The  first  length 
driven  in  is  providcnl  with  a  pointer!  ]>erforated  foot,  through  which  toe 
watcT  enters  the  tulK\  AVhen  this  length  is  driven  sufficiently  fer, an- 
other is  screwed  to  it  and  the  driving  is  continued,  additional  length* 
being  scn^wed  on  as  necessary.  A\'hen  water  is  reached — and  this  B 
ascHTtained  by  means  of  a  weiglitcMl  string  let  down  inside  the  tube 
from  time  to  time — a  pump  is  applied  and  the  water  lifted.  Thefii^ 
that  comes  contains   sand  or  tine  gravel  and  dirt,  and  as  this  is  mor 
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Bored  wells  tliffer  but  little  from  tube  welk  ;  in  fiief,  they  are  prac- 
tically tlu*  same  exempt  m  the  metluMi  of  their  iruikiiig.  They  are 
ilrilitHl  iir  borwl  through  stilid  rwk  and  4>tlier  strata,  aiitl  are  lined  or 
not  with  iron  pijK',  Ixicketl  with  eement  aeeordin^  to  circum. stances. 
Their  cost  i.s  much  greater  than  that  *>f  the  rtrdiujuy  Ahvssinian  well, 
fiince  the  labor  reijuireil  is  (uueli  greater.  Souietirues  it  is  necessary, 
after  preceding  several  hnmlretl  feet  with  n*i  results,  to  resort  to 
blasting  at  the  bottom,  so  as  to  j^hatter  the  rock  and  form  waterways 
to  the  well. 

It  is  self-<?vident  that  wells  of  these  two  kinds  last  mentioned  can- 
U(»t,  uniler  on li nary  eireum stances,  t)ee*orne  eontaniinatiHl  witli  surface 
washings.  Both  fonns  are  use<i  very  commonly  nat  only  for  iudivid- 
ual,  but  for  public,  supplies.  In  the  latter  case,  they  are  driven  id 
groups,  or  "  g-ings/'  the  size  of  which  ^'arias  accoixling  to  the  amount 
of  water  retjuin  <1,  Incn^jisc  in  demand  slirndil  bt>  TJict  l>y  extension 
of  the  system  rather  than  by  t^ver- forcing,  for  the  latter  will  caus<'  an 
undue  lowering  of  the  water  level  and  ti*n*l  strongly  to  bring  water 
downward  from  the  upj)t*r  strata  at  such  a  rate  a.'^  tc>  pref'Iude  the  pun- 
Hesition  which  Tn*rmally  is  brought  about  by  the  saprophytic  bacteria 
of  the  st^iL 

In  the  case  of  an  ordinary  well,  the  bott<mi  should  be  considerably 
below  the  level  of  the  gn»und-water,  so  that  when  this  fulls,  tlie  well 
will  Dot  run  dry,  ami  also  bee^mse  the  fiirtlier  the  withdrawal  by 
pumping  carries  the  level  of  the  well  below  that  i>f  the  w^ater-table^  the 
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fsistor  will  bo  the  flow  towai-^l  tlie  well,  and  the  greater  the  sir 
iriimt'dmt^ly  iivaikbie.  Jiut  dw^jHming  a  well  for  the  puqKteit'ofa 
cTeiising  the  supply  sometime*?  has  the  ven^  opjM>:*ite  etlect,  and i 
i'ven  eaiit^L"  it  Ui  run  pnictically  dry.  Si ipp4>se,  for  example,  tk in 
jH-rvinus  hiyer  is  underlaid  liy  a  tldek  stratum  of  C4>tirse  gnivel,  lUHlitj 
tile  pmeess  of  dee|K'nirig  the  well  this  stnilum  \ii<  ent^-red  :  inst*!ad<rfa 
inen/ase  iu  the  supply,  it  theu  may  hajijK'n  that  the  water  flowing  inl 
the  well  finds  a  ready  exit  dowiiwarrl  by  the  fort^'  of  gravity  into  iliij 
iiiterstiee*'  of  the  gmvel,  and  the  usel'uhiess  of  the  well  is  termiQ 
(Nr  Fig.  2H.) 

lucludiil   under  bored  wells   are  those   known  a^  Artman, 
are   bored   thnaigh   imjM'rvious   strata  until    a   stratum  is 
which   the  water  is   under   hydroi^tatie  pressure   suflicieiitlv 
force  it  to  the  surfjiCT,  or  at   least  to  a  (M>int   nearly  as  high,  tbet 

Fio.  28. 
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de]K'iidin^  upim  the  luijrht  reached  l>y  the  wafer-lK^aring  stratum  lo 
higher  land  elsewhere.  In  Fig.  *21*  is  shown  a  forinati<ni  favoniblt' |*^ 
the  obtaining  of  water  by  means  of  this  class  of  wc^lls.  The  wuUtifl 
the  soil  above  the  first  layer  of  clay  mj*y  be  reached  liy  sinking  >*»'"* 
of  the  ordinary  kinds.  Below  this  is  a  second  supply  confineil  bi'tw^'^ 
two  impervious  strata  inclining  upward.  The  higher  this  formaii'"! 
extends  above  the  level  of  the  outlet  ,4  of  a  well  sunk  into  it  ^* 
that  points  the  greater  will  lie  the  pressure  at  /?  and  the  higher  tH<* 
rise  w^  the  water  Thus,  if  it  extends  upwanl  to  f^,  for  example,  tw 
water  will  not  simply  fill  the  tube,  but  will  1>e  thrown  some  di^^taiH* 
into  the  air.  In  some  cases,  although  the  head  develojied  ii^  ven*<'<^ 
sidcrablc,  the  water  does  not  eiuiie  to  the  surfat^^,  lieivau.^  of  the  ext<*"' 
of  leakage  into  the  u|i|>er  jK'rvious  stmta  of  the  soil. 

Sometimes  the  wells  are  conneete<l  with  tnie  underground  VS^^ 
and  sometimes  with  appaiTntly  inexhaustible  reser>'oir8  which  lis^"^' 
held  the  water  in  storage  for  ages.     Sonietimes  they  derive  their  watcf 
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fnun  fissures  draining  away  the  wakT  yf'.-^iirfhre  rivers  antl  lake>;,  as  is 
prr»v€Hi  by  the  tircasmiial  oeeinreiiro  in  the  nAerHiw  of  ^niall  fish  with 
eyes. 

Artesian  wel!^  lia\'e  been  known  in  China  and  E^ypt  from  very 
aaeient  times,  and  eenturies  a^o  they  were  intrtKhietHl  into  the  j>rov- 
iaee  trf  Artois  (Artesiuin),  frtnn  wtiieli  their  name  i<  derived.  They 
are  exceeding'ly  numerous  in  the  western  and  soutlnvestern  parts  of  the 
United  Stiites,  where  they  have  pi^odticeil  enormous  restiltt*  in  convert- 
ing arid,  waste  lands  into  fertile  farms.  4Snne  of  tliem  are  exceedingly 
deep,  and  pass  thrnuixh  stratum  after  stnitnm  of  liifierent  fijrmations 
bei<>re  water  is  reaeht^l. 

Si  nee  tlie  temperature  of  the  earth  ineivases  1  degree  Fidirenheit  for 
alx^ut  55  feet  of  <lepth,  it  follows  that  water  from  these  very  deep  wells 

Fia.  29. 
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IS  materially  warmer  than  that  from  t\w  nppiT  snl»so!l.  Distinetly  hot 
water  from  deep  sourees  is  nirely  fit  for  ordinary  domestie  purposes, 
heeause  of  tlK*  largn^  amount  nf  mineral  matters  present  in  solution  by 
reason  of  the  i^reater  solvent  power  of  water  when  hnt  than  when  eold. 
Thus  they  ae(|uire  an  abnndanee  of  salts,  whieh,  taken  into  the  Ixnly, 
infiiienec  its  fnuetions  and  aet  as  me^lieines.  The  j>resenee  (*f  orgsiuic 
matters  is  of  importau<'e  i^n  aecoiint  of  their  rHluetug  power.  The 
sulphuretted  hydrogf*n  so  eommon  to  mineral  springs  is  due  to  the 
aetion  of  these  matters  ou  sulphates. 

IrresjKML'tive  of  the  ehaoges  wrouglit  by  increasi^l  tern i>e rat urCj 
the  water  yi(»lded  hv  this  class  *>f  wells  varies  ver^'^  widely  in  eliarac- 
ter.  It  may  bear  no  resemblance  wdiatever  Ut  the  other  watt^rs  of 
the  same  district,  nor  is  there  any  ri^ason  why  it  should,  for  the  con- 
ditions at  the  surface  and  at  points  hundreds  of  feet  below  are  cpiite 


344>,,  WATER. 

different.  Moreover,  one  cannot  know  how  far  the  water  has  trafdlal, 
from  where  it  originally  entered  the  soil  to  the  point  where  it  makes  il^^ 
escape. 

Of  waters  from  four  such  wells  sunk  within  the  limits  of  the  city  «f 
Boston  to  depths  of  from  870  to  2,503  feet,  two  were  extensively  iiK 
pr^nated  with  common  salt  and  other  mineral  matter,  one  was  veij  i 
rich  in  both  vegetable  and  mineral  substances,  and  the  fourth  was  ridi 
in  both  these  and  sulphuretted  hydrogen. 

Drainage  Area  of  Wells. — As  to  the  amount  of  soil  which  is  drained 
by  a  well,  there  can  be  no  general  rule.  It  is  commonly  asserted  that 
the  amount  drained  may  be  described  as  an  inverted  cone,  ha\inf 
the  bottom  of  the  well  as  its  apex,  and  a  base  with  a  radius  equal  to 
twice  the  depth  of  the  well.  But  much  depends  upon  the  natare  and 
configuration  of  the  surrounding  soil,  and  the  extent  to  which  pumpiup 
is  carried.  If  the  soil  be  sandy  and  open,  the  base  will  be  much  laipr 
than  if  it  be  clayey  and  close.  If  extensively  pumped,  the  well  ^nll 
drain  a  gi:eater  area  than  if  the  demands  be  moderate;  in  fact, the 
amount  of  water  removed  by  pumping  has  a  greater  influence  in  detff- 
mining  the  drainage  area  than  mere  depth.  But  other  things  bring 
equal,  the  nature  of  the  water-bearing  stratum  determines  the  distance 
to  which  the  measurable  influence  of  pumping  is  felt. 

Pollution  of  Wells. — In  general,  it  may  be  stated  that,  as  between 
wells  of  different  depths,  the  shallower  are  more  subject  to  pollution  than 
the  deeper,  because  of  the  fact  that  the  latter  have  the  advantage  of  the 
greater  opportunity  for  perfect  filtration  through  the  soil.  But  both 
are  subje(»t  to  pollution  by  unoxidized  matters  which  enter  the  soil 
l>elow  the  uppt»r  few  feet  in  which  the  nitrifying  organisms  already 
referred  to  are  found,  as,  for  instance,  from  leaching  cesspools  and  leak- 
ing drains.  It  is  a  practice  only  t(K)  common,  even  on  estates  of  con- 
siderable size,  where  the  excuse  of  limited  area  cannot  obtain,  to  locate 
the  well  and  the  cess}>ool  very  near  together.  To  avoid  the  nece^^ity 
of  having  to  remove  the  contents  of  the  cesspool  as  occasion  demand? 
when  this  reeeptiiole  is  made  water-tight,  and  to  avoid  the  expn.«e 
attending  this  kind  of  construction,  the  bottom  is  generally  leftopen^ 
so  that  the  house  sewage  may  drain  away  into  the  surrounding  soil. 
Connection  l)etwwn  the  cesspool  and  the  well  may  take  considerable 
time  or  may  oc^cur  (juickly,  but,  once  established,  contamination  goes 
on  uninterrupttKlly.  Often  it  hapj>ens  that  the  direction  of  the  i^^ 
of  filth  through  the  soil  is  wholly  away  from  the  well,  and  contamina- 
tion may  never  occur;  but  this  is  a  point  that  can  never  be  determined 
in  advance. 

It  is  a  common  l)elief  that,  if  the  well  is  hxaited  in  higher  ground 
than  the  eess|K)ol,  there  can  be  no  danger  of  polluti(m  of  its  vater. 
This,  however,  is  a  most  fallacious  ])roposition,  for  it  is  not  so  mo^" 
the  location  of  the  outlet  of  the  well  that  determines  the  possibili^^  ^' 
pollution,  as  the  relative*  position  of  the  cesspool  and  the  point  whej^ 
the  water  enters  the  well.  In  Fig.  30  is  illustrated  the  manner  ^^ 
which  the  supply  yieldtil  to  a  pump  placed  at  a  point  considerably 
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ibove  the  location  of  the  cesspool  is  polluted  directly  by  the  liquid 
Mh  iasuing  from  the  latter.  Again,  the  geological  formation  may  be 
■di  that  a  cesspool  on  higher  ground  than  the  nearby  well  will  have  no 
liAiieDoe  on  the  purity  of  the  water.  Thus,  a  ledge  of  rock  may  crop 
ip  between  them,  as  shown  in  Fig.  31,  and  divert  the  flow  of  polluting 
■itters  away  from  the  well. 

Fig.  30. 


ItvaweU  located  on  high  ground  may  be  polluted  by  the  contents  of  a  cesspool  lower  down. 

In  locating  wells  and  cesspools,  property  owners  not  infrequently 
lofie  sight  of  the  fact  that,  while  they  can  govern  the  disposition  of  the 
ttrfiu»  of  their  respective  estates,  the  conditions  that  obtain  in  the  soil 
Wow  are  quite  beyond  their  control.  In  consequence,  they  may 
ittempt  to  guard  against  pollution  of  their  own  water  supplies  by  their 
«^  excretory  products,  without  regarding  the  |X)ssibility  of  contami- 
BitioQ  by  those  of  their  neighbors. 

Fio.  31. 


How  a  cesspool  located  on  hl^h  ground  may  fnil  tu  pollute  a  well  lower  down. 

The  water  of  newly  dug  wells  is  often  of  such  a  ehanicler  as  to  lead 
^  the  perhaps  false  conclusion  that  it  is  prol)al)ly  poUutod  bv  sewage. 
*^  is  generally  turbid,  and  may,  on  analysis,  yield  results  which,  in 
^^  the  analyst  has  not  full  information  concerning  it,  may  seem  to 
^^toant  a  oondemnatorj'  report.  It  may  yield  figures  indicjiting  a  high 
intent  of  organic  matters,  which   may  disappear  as  the  use  of  the 
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water  Ir^wjiiios  estalrlisluHl,      It  nuiv  evon  show  tindtuiiable  ev] 
tlir   presciHt*  iA'  hintian  wastes,  Jnr   th<>sp   eng:i|;^.H!  in    the  (JiggiD^il 
thr  stoning  may  l>e  m<»re  intere^ited  in  the  completion  of  the  work  tli 
in   the  jx^^feet  purity  of  the  8Upph%  and  may  hv  tlisiiielioed  in  gri  upl 
tlie  siirtaee  fnr  the  ^luriwist*  (*t"  relievinfr  the  i^lls  nf  natiiiv.     On  all  iP! 
rinnits,  tliereinre,  it  is  hetter  to  avv;iit  the  result.^  of  a  later  exaniiuatio 
than  t(^  eondeum  and  abandon  too  Ijastily  a  sii|>ply,  whieli,  wilhin 
sliort  time,  may  prove  to  bt?  of  exceptional  purity. 

Very  deep  wells  may  l)eeome  batlly  pollutcil  hy  filth  whieli  piiia 
aeeess  thruuj^h  <»pen  t^hannel-way^,  a^^  fisson^s  in  rcK'k.  A  ly^^Mxl  ri 
am] vie  t*l'  this  is  reeordeii  in  the  SftniUtrtf  LuipMor  fur  Detvriihf, 
18i)B ;  A  well  hortHi  TjOU  feet  into  red  tiandstoiie  drained,  tbr^mg^b 
fissure;^,  all  the  shallow  wells  in  the  vii-iuity.  These  lieing  of  nou* 
ns  Wells,  were  then  utilize<l  as  eessi>ools,  ami,  draininjj  agjiin  \\\m\^ 
the  Assures,  caused  tlie  well  to  heeonie  so  fold  tliat  it  had  t*>  W>  alon- 
done<h  l>r.  A.  i\  Houst<ni  ^  shows  \\i\\\  dtn^jiening  a  well  may,  in  s 
similar  manner,  eimse  its  ruin,  A  well  of  pure  water,  114  iWt  cfcfii, 
was  dei'|ieiied  by  farther  borinp;  to  294  feet,  wlien  it^  yield  was  then 
found  to  1k^  im|Hiix\  At  a  distanee  nf  -Sn(»  feet  was  an  old  quarn', 
into  whieh  dniiue<J  the  sewage  ul'  2o  persons.  By  tissurei*  in  die  saftd- 
sitone,  this  re^iehed  the  water  stnitnru  tapjK'd  i>y  the  extensiim  of  ifc* 
well  and  thus  s|xtiled   tlie  water. 

On  aeeonnt  i^f  the  jiossibility  of  eon  lamination  of  shiillow  wnlb  Iff 
the  eutninee  of  snrfa*'e  washiujfs  fmrn  abfive,  Krwli  reeomnienJ?'  ttat 
pipes  be  placed  in  pcisititju  so  as  to  reaeh  the  water  stratum,  and  tUt 
tlieu  the  wells  l>e  filliKl  np,  fii^st  witli  stone  and  ccmri<e  gravel,  aii<t 
toward  the  top,  for  at  Iciist  six  feet,  with  fine  sand.  By  this  jin> 
<Tdnre,  the  well  is  eooverte*!  really  into  an  Aliyssiiiian  well,  and  t^ 
protec^tt^l  frttm  surface  eimtfuni nation  quite  as  well  as  though  it  W<l 
origiually  bwn  driven   instead  of  dug. 

Filter  Galleries* — \  Jiffrr  f/affenf  is  a  large  under)?ronntl  tutitiei 
sunk  |>aridlel  to  a  river  or  lake  and  near  to  it  ;  it  is  in  rtatity  m\\\\m 
murv  than  a  h(triz<*ntal  welb  The  idea  wliieli  hi!  Ut  their  eonstnicti"" 
wrrs  that  in  this  way  the  river  water,  jkt4'< dating  nutvvanl  from  it-^  M 
through  the  soiU  wuukl  Ik*  setnuTxl  in  a  tilterctl  state,  ami  w<»uld  ar- 
ermiulate  in  the  ujidergnuiud  rescTvoii^.  Althmigh  this  method  of 
obtaining  wakT  has  bim  atten<led  by  most  exeellcnt  result.-^,  the  M 
remains  that  tlie  water  so  e«illeetnl  e<unes  not  from  the  riven  Init  frttni 
the  ground  ou  its  hither  side;  that  is  tf»  say,  it  is  the  gnmnd-wateC 
interet^pted  *iu   its  way  to  the  river. 

The  water  of  a   river  does   iiot,  except  UTider   nnnsiuil  eonditiom 
percolate  i  nit  ward,  fnr  tlu-  silty  matters  de|M>sititl   in  its   flow  clog  lli^^ 
interstices  in  the  snil  <if  its  bctl  autl  banks,  and  act  as  a  valve  aj?i'"J^^ 
its  egress.     The  ground- water,  fin  wing  U>  the  river,  fimls  it^  Wiiy  i*^ 
through  the  silt,  whit^i  gives  way   inward  ag:n'ust   the   side  of  1^**^* 
resistance.      Thus  the  silt   yields   to  ingress,  and  is  a  bar  to  ip^^ 
of  water, 

^  EdinW>mi]gli  Metlical  Journal,  Nov.,  18SM. 
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be  fact  that   the  fluw  nf  ^^vowmX-wnivr  \>  tfiwunl  mthor  than  away 

rivers  anil  iithc^r  largii  IxHlies  nf  water  is  well  ybown  In-  the  ftu't 

fit  fa^r?h  water  is  olitainalxle  tn)m  wells  Hunk  in  close  proximity  to 

i(er  mark   on   tfir   sea-eiKist.     Siu-li  maybe   ncit  even   slightly 

i»,  although  s(»metiTiies  tliey  uru  tlistiuctly  so  by  l»arl\wanl  ^Utln- 

piim  of  the  siilts.      In  the  latter  case,  reaioval  a  sliort  (listanee  Imek- 

miH  i^bviatcj^  the  difficulty. 

That  the  water  ilerivcHl  from  a  filter  gallery  is  rmt  due  to  |K?rcolation 
fmm  the  ri%'er  ah)n^  wliieh  it  lies,  is  farther  pruved  by  the  fact  of  ilif- 
Dce  in  ooinpfsitionj  antl  esfieeially  in  ha-nhiess. 


Classiflcation  of  Waters  from  the  Sanitary  Standpoint, 

From  tlu'  stanrlpnint  nf  wlndesonieiiess,  waters  may  be  ilivided  into 
classes:  I.  Tfiose  free  Irom  sewage  eon  turn  iiiatiou.  2.  Those 
lited  by  sewage. 

Tnpollutetl  waters  are  not  necessarily  snifable  for  domestic  use,  pre- 
senting as  they  do,  wide  variations  in  ebaiin-ter.  They  may  be  f^'lear, 
Iwless,  mlorless,  and  pulatabh^,  and  rontain  l*ut  little  organic  and 
|em!  matter  ;  or  they  niay  have  high  enlor,  turbidity,  disagreealde 
^  and  tiiste,  and  a  high  content  of  dissolve<l  and  sus]K'nded  sub- 
iioi*s.  A  water  whieh,  by  reason  of  ajipeaiiincej  mlor,  anil  taste,  due, 
for  instance,  to  luxuriant  growth  iif  alg^e  or  {ither  forms  of  life,  is 
Frpiiipiant  to  the  senses,  slioidd  not  he  recommendLnl  fr>r  nsi-,  altliongh 
ajKihle  of  prcxhieing  a  spei^ific  diseiise,  Sneh  an  one  recjuires  mo 
nieal  analysis  to  determine  its  fitness,  the  evidence  of  the  >enM^s 
Bj:  fpiite  sufficient, 

rnp<illute<l  waters  fre*^  from  such  rjnalities  as  render  them  repug- 
\  to  the  sense-s,  and  of  low  ecmtent  of  organic  and  mineral  matters, 
i  suitable  for  general  purposes  without  regsjnl  to  their  elassifietition 
orfiiee-  or  soil-waters.  Out,  in  gcn<'nil,  it  is  hehl  eonnuonly  that 
•tr  unpollnted  soft  gniund-water  of  good  composition  is  [H'cdendjle  to 
*llr  of  surface  origin* 

Solluted  waten*  may  be  dividtnl   into  two  clasgies,  aecMirding  as  the 
ition  is  dit^ect  or  indirei't.      Direct   pollution   by  sewage   is,  it   is 
Jy  uecx'ssiiry  to  say,  of  prime  im[*ortanee,  becansi«  of  the  danger  of 
iini:*^oii  of  specific  diseases  and  cd"  h iweri ug  the  physitilogical  n- 
Doe  of  the  system.     But  even  ilireet  |h>1  lotion  may  be  productive 
l&O  humifnl  results,  provided   sutticieut   time  elapses  hetW(?<Mi   the 
of  the  sewage  at  a  given  |Mtint  and  the*  use  of  the  water  at  a 
to  fiermit  of  the  <lis|wsal  <jf  the   iKtxions  elements  by  natural 
Thus,  a   vt»lunie  of  sewagt^  entering  tlie   iip[M?r  part  of  a 
»  system  of  puldie  supply  may  not  rea^-li  tlie  distributing  pif>es  f*ir 
'^*^'<?iul  months,  during  which   time  its  dangerous  qualities  will   have 
'  '         :irf*ct      Notvvithstimding  this  tact»  however,  direct  pdlntion  of 
k'j;-water  shonhl  be  prevent*^]  by  all  means  available,  on  aee<»unt 
sible  risk,  and  even  on  lesthetie  grounds  ah  me. 
ddirect  pollution  is  of  far  le.ss  importance  than  direct.     In  indirect 
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pollTitlon  the  nr^nte  mattors  nf  tlie  sc  wuge,  indu*ling  W*tma,  are  filt- 
oivd  tlrrmitrh  tin-  snil,  in  wliu-li  tlii-y  iirc  field  Inn-k  nuvliauieally  ami 
more  or  less  completely  oxtdizetl  liefbre  the  containing  water  rwiches 
its^  iiUiniatc  (lestin;ati<riK  As  to  M'liut  may  t>c  csillcd  a  safe  limit  of  dis- 
tance fr<»ni  i*tmree8  of  pollution,  mo  Hxcd  rule  cnn  l)e  given  :  eaeli  case 
must  lie  judged  accnrding  to  its  ein'Uinstauees.  The  soil  as  a  whole 
has  cnonniius  eapaeity  for  jjurifyin^  water  i»f  its  etmtained  or^^itnic 
sabstanc^eii  and  haeteria,  Ivoth  Ivy  meclianicsd  Retention  and  by  oxidation 
processes  j^et  in  motion  by  the  bacteria  wbieli  iu habit  it.  But  all  siiiU 
have  not  this  power  in  an  equal  degree,  and  the  conditions  tavtuiible  to 
it^  exercise  are  not  always  jiresmt  tti  thi*  same  extent.  The  soils  most 
favorable  for  jxTfiE'ct  filtration  and  jinrification  are  sandy  and  gmvelly  ; 
in  these,  the  water  \s  exfKjsed  in  tliin  layers  on  the  individual  grains  to 
the  air  iu  the  interstices.  The  latter  should  be  neither  ton  coarse  nor 
too  line.  If  too  i-oarse,  t!ie  passiige  of  water  is  too  rapid  ;  if  tr>o  tiiic> 
not  suffi<'1ent  air  can  he  present  at  the  same  time.  The  firgjinisms  are 
found  Midy  iu  the  npjKT  lew  feet  of  soil,  and  it  is  here  als4i  tiiat  the  eon- 
tiiine<l  air  is  riehe?4t  in  oxygen.  When  the  necessan^  conditions  for 
filtration  arc  present  in  a  given  soil,  the  water  whieli  percolat<\^  tlirougb 
and  reaches  the  ground-water  is  ijuite  i'rce  from  Imcteria  of  any  kind^ 
even  though  the  surface  is  coutaminateil  extensively.  Where  the  soil 
is  very  open  and  [lernieable  to  water  or  fissured,  jwdluting  materials 
may  [iiilss  through  so  nipidly  that  tliey  undergo  but  slight  change  <»u  the 
way,  while  witli  a  not  to(v  fine  soil,  tlirough  which  water  passes  with 
slowness,  purification  l>y  bacterial  action  may  he  completed  within  a 
very  short  distance. 

Again,  there  may  be  greater  safety  at  a  point  tpdte  near  to,  but  oit 
one  side  of  a  center  of  jMillution,  than  at  another  at  a  consideralile 
distaDce  away  ou  the  other  side,  owing  to  the  dinx'tion  of  the  flow  t»f 
water.     Thus,  in   Fig*  32,  the  point  S^  located  quite  near  the  point  of 
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entrance  of  the  polluting  material  P  into  the  soil,  is  for  better  situated 
in  respcH't  to  possible  contamination  of  water  by  }\  than  tlie  point  Z> 
on  the  other  side  but  farther  away,  since  the  movement  of  the  water  in 
the  ftoil  is,  as  indicated  by  the  arrows,  from  *S'  toward  />,  and  all 
impurities  entering  tn'twecn  the  two  move  from  the  one  toward  the  otlier. 
Similarly,  the  |M»iut  N  may  stand  iu  the  relation  of*  |>oint  I>  to  some 
other  JK>1  luting  inriuen<^e. 

For  tire  determin;Uion  of  the  i|nestion  whether  a  given  will  is 
receiving  pollution  from  any  given  |M>int,  recourse  is  had  to  the  ditl'usi- 
bility  I  if  tcial-tar  crJor-,  such  as  fluorescein.  An  chjucc  t»f  this  sub- 
cStanw  will    impart  ti   verj^  ilecidetl  color  to  an  enormous  volume  of 
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' ;  and  when  it  is  added  to  the  contents  of  a  leaching  cesspool,  it 
ill  accompany  the  escaping  pollution  and  reveal  to  the  eye  the  presence 
If  the  latter  in  any  neighboring  well-water.  Pollution  may  thus  be 
Inoed  sometimes  through  hundreds  of  feet  of  fairly  close  soil. 

Purification  of  Water. 

Before  proceeding  to  the  consideration  of  methods  employed  to  bring 
abwt  purification  of  water  supplies,  a  few  words  are  necessary  on  the 
«bject  of  "  self-purification  "  of  surface-waters.  A  river  shows,  for 
iMtaDce,  at  a  given  point  in  its  course  a  certain  amount  of  impurity  ; 
#  another  point  farther  down,  this  is  found  to  be  considerably  lessened  ; 
«id  &rther  yet,  the  diminution  is  still  more  marked.  This  progressive 
lowering  is  attributed  to  the  proj)erty  the  water  possesses  of  bringing 
.dboat  its  own  purification.  The  practical  beginning  of  this  theorj-  was 
.ibe  assertion,  made,  in  1869,  by  the  British  Royal  Commission  on 
Water  Supplies,  that  sewage,  diluted  twenty  times  or  more  by  river- 
liter  into  which  it  is  discharged,  will  be  completely  oxidized  before  it 
Iw  travelled  more  than  a  dozen  miles.  Two  yearns  later,  the  Rivers 
FoUotion  Commission  reported  strongly  against  accepting  this  idea,  and 
tooduded  that  oxidation  proceeds  with  such  extreme  slowness,  even 
lAen  tiie  polluting  matters  are  diminished  very  largely  by  pure  water, 
that  not  only  will  a  flow  of  a  dozen  miles  not  suffice,  but  that  there  is 
no  river  in  the  United  Kingdom  sufficiently  long  to  accomplish  the 
iwult  claimed.  It  was  then  believed  that  whatever  changes  occur  are  the 
<!ombined  result  of  oxidation  and  subsidence.  It  is  now  recognizee!  that 
these  agencies,  assisted  by  more  important  ones,  namely,  dilution,  vege- 
tation, and  bacterial  action,  do  in  many  cases  produce  very  great 
<!hange8,  while  in  others  the  results  are  only  partial  and  of  no  esixjcial 
^ue.  Drs.  R.  Emmerich  and  F.  Brunner^  showed  that  in  spite  of  the 
Vge  amount  of  sewage  matters  poured  into  the  Isjir  in  its  course 
through  Munich,  the  water  afler  two  hours'  flow  below  the  city  was 
piHctically  as  pure  chemically  as  it  was  before  it  reached  it.  Jordan  ^  has 
«hown  that,  after  thirty-four  miles'  flow,  the  Illinois  River  is  practically 
^^  from  sewage  bacteria.  E.  Duclaux  ^  has  shown  the  same  to  l)e 
tnieof  the  Seine,  and  other  observers  have  proved  it  of  certain  other 
'jvers  in  England,  Grermany,  and  elsewhere.  On  the  other  hand,  o|)po- 
*ite  results  have  been  obtained  by  other  workers  in  the  same  field. 

Oxidation  undoubtedly  plays  a  more  or  less  imi)ortant  part  in  some, 
*^t  by  no  means  in  all,  cases.  Dr.  T.  Meymott  Tidy  provt»d  ex|ieri- 
^lientally  that  water  contiiining  sewagt*  could  lose  about  half  its 
^fganic  mattctr  in  from  six  to  nine  hours  when  nia<le  to  run  one  mile 
^  glass  troughs  with  abundant  aenition.  Professor  William  P.  Mason/ 
^  the  other  hand,  agitate<l  water  in  a  l^ottle  fastened  to  the  connecting 
™of  a  horizontal  engine  with  a  ten-inch  stroke  of  7o  to  the  minute, 

'  Die  ohemiHchen  Verandeningen  des  Isani'a.s8ors,  Munich,  1878. 

*  Journal  of  Experimental  Medicine,  Dec,  1900,  p.  271. 
»  Annalejj  de  TIoMtitiit  PaHteur,  1894. 

*  Water  Supply,  New  York,  1897,  p.  175. 
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ami  fount!  tijat  titltT  f),Ot*(l  ^'Hiiciissiun.s  tbero  was  but  a 

tinii  in  till'  ;imn«iiit  nf  orjininir  iiuitttT.     A  lai^*  meamire  of  pur 

Ml   fur   as    iiiHiiUfrs  r>i'  luirturia    are  ooiirerntil,   ib  ^UUHhI  bv 

when    tliere  juv   snlici  |Kirticlrs  iii   siisjicnslmi   In   the  watiT. 

lireii  \vt4l  sliowii  by   IVrrv   Fiimklaiul,'   \\\\u  obt^ervetl  a  dfcriftspc 

INJ.ii-'i  |nT  fcut.  ill  the  Dumber  <jf  bat'teriu. 

Dilution  by  acceiss  of  niin,  melting  snow,  groiiiMl-wat^y  and  all 
rli'an  iiifliieuts,  jiifiH'ts  rla'tnic^jl  I'oiij position  favi»ral»Iy,  but  iki^isU,  ftr^ 
tiim*  at  least,  inervase  in  the  muiibors  i>f  |iatliogenie  and  otber  lKUl«Tid 
pFufi's.sor   KebrtOil's-  ilaily  l>aet<'rit*lo^ieal  fxarintiatiuiii*  of  nvcr-wa^ 
at  Prague  jiro%eJ  that,  in  general,  the  uunibcT  of  bneteria  incnais^^Tl 
rising  water,  aud  is  sulijec^t  to  very  wide  variation.*,  due  to  a  munli 
of  eanses,  anumg  wln'cli  he  meiitions  ebanges  in  the  rate  *>f  flow,  iril 
eonscHjUrut   alteration  of  eimditions   influencing  sedinientiitifm,  and  1 
influx  of  temporary  |.M>lhition,s,  ,'^neh  as  wasliings  from  streets  and  »l«i^ 
heaps,  wlucb,  under  some   eirennii?tanws,  have  greater   influence  tli 
tlie  reguhir  unelean  influents. 

SedimeiltatiOE,  wliieh   fonnerly   was   iH^lievinl   to   ploy  a  ver}' 
jwii't  in  tlir  inipn^vi^ment  of  rivcr-wati'rs,  aets  Uv  only  a  slight  ejstenti 
thoi?e  which,  likr  the  Isar,  move  swiftly.     It  is  favored  by  {^lowin^c 
the  current,  esjK^'ially  at  the  river  mouth  ;  and  when  it  oeeurs  it  h».*j 
very  nuirkttl  influenee  on  the  numlier  of  baeteria,  esjKvially  if  the  watt 
bf  muddy*     This  has  bfcn  shown  l>y  Jiruno  Kri'iger,*^  who^  by  ii  n^riA 
oi' rxjM'rirnents,  pnjveil  tJiat  ebeniieally  indittervut  substaneei^  in  a  i 
of  minute  sulKb'vision  exert  a  greftter  influenee,  tlie  more  slowly,  uptaj 
♦H^rtain  limit,  they  settle  ;  while  othei"  mattrrs,  which  act  Ixith  inech 
allv  and  chcnii(*ally,  such  as  lime  and  hard  wcmk!  ashc*s^  pDKJmx'  tjtii 
greater  cfl'eets.      In  still  water,  as  small  lakes  and  |M>nds,  sedimeutjition 
goes  tm  unobstructed. 

Bacterial  action  as  a  purifying  agent  is  favored  by  alladinityan 
retardtHl  l>y  aeidily.      It  may  be  imtH*rtant  or  not,  a<"ef»rding  to  circuQi 
stances.      iVstruttinn  id'  pathogenic  sjK^rios  by  the  sjiproi*hyric  cl:t>? 
ilclayed    by    dilution    hy    un |iollutt*d    water,  which,  as  alnive  stiiit'<li 
favors  their  increase  for  a  short  tinu*,  after  which  they  rapidly  (Wliiie_ 
in  number.  I 

Vegetation  was  nnX  taken  into  a<'counf  by  the  earlier  obst*r%Tn?,  ^i^ 
lias  now  been  pl!iec<l  at  the  head  of  the  imjiortant  inflnences  in  t'"' 
pro€*ess.  Pettenkofer*  assertctl  that  the  greater  jmrt  of  self-purifi<^in<'^ 
is  due  to  the  growth  of  nigie  ami  other  low  forms  «»f  vegetable  I^^i 
wiiielii  eh^ni  the  water  of  its  inqiurities  in  the  same  way  that  the  liig''*"^ 
fomis  take  up  nnd  disjwise  of  the  nianurial  matters  of  cultivatt^l  Iiib^' 
This   view  is   enilorstHl  by  T,  Bokorny,'  wlm  proved  that   these  pl-'i"^*' 

*  Journal  of  Stntv  Modu-iae,  Ji»iamn%  lS9t. 

*  B«cterii*lugi'*i'he  untl  knfist'he  Studien  liljer  die  Verunreinigungr  Ufid  Selbm''"^ 
jirun^  der  Flii*if**'«     ArHiiv  fiir  Hygieiie,  XXX.,  p.  32, 

'  Dif  pUywikalisdie  EiivwirkniiK  von  Sinksioflen  aiif  die  im  Waseer  befintil'^^" 
MikmoiT^tiiiisiiiiea.     ZtMU^t  In-ifi  fiir  Ilvgicnt*,  \'IK,  fi.  .SB. 

*  Zur  Sellwttviiii^nnK  der  Flui«se,     Anbiv  fur  Hvtriene,  XIl.,  p.  269* 
^  L'eber  die  Betheilj^in^  clilorophyllfiihrendfr  l^nnten  an  der  Selbetreinigim?**''' 

Fliiftf^e.     Ai-chiv  fiir  Hygiene,  XX.^  p,  IHL 
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amulo  acuiH,  ^Uiei>^e,  and  iiixnu 

iMiiitahis  viist    miniliefs  of  al^ctv,  to  wlmse  action   niucli  of  the  fliati^s 

Ui»li'ii  l>y  Erninrrirli  aiKJ  KrLiiiiier  wiTi'  umlrniliU^ily  iliit\ 

Methods  of  Purificatioii. — The  inethotLs  employed  for  the  piirificn* 
lion  of  water  mi Ijrace  : 

1*   Cheiiifeal  treatment, 

2.   Bcnling  and  distilUitioii. 

:i.   Filtration. 

1.  Chemical  treatmeat  is  (nnphtye^l  to  ciui.se  the  forniatioji  of  ins*)]u- 
hie  pre(apitati*s,  wliieli  settle  ont  and  entangle  f-usjMiHh^l  matters,  in- 
eJudiui^  liiieteria,  in  their  ileseeiit. 

Alum,  fVir  instaiiee,  a<ld4*tl  to  the  extent  of  a  <piarter  *tf  a  irniiii 
to  a  ijrain  [H*r  if^nlhjn  nf  natural  wakT  etmtainiug  a  moderate  amount 
of  CaCO,,  is  <leeoinp>sed,  and  forms  an  insoluble  gelatin<His  hydrate, 
whieh  combines  with  the  ivr^anie  matters  imparting  color  and  set- 
tles out  as  a  fl<K"<"uleut  precipitate,  which  entangles  the  susjx'ndt^l 
matters,  including  the  baeteria.  The  sulphuric  acid,  set  fr*^*  Ijy  tlie 
decompijsition  of  the  salt,  unites  with  the  lime  or  tither  bases  preseut, 
and  18  thii8  neutralized,  and  the  calcium  sulphate  thus  fomied  carries 
down  susj>endt^l  matters  in  the  same  manner.  If  an  excess  of  alum  is 
added,  it  will  m't*ess;u'ily  apjK'iir  in  the  [>iiritied  water,  and  be  ol)jt*ction- 
able  tm  account  of  its  effect  on  the  system,  and  in  tlie  batli  atnl  in 
washing. 

In  case  of  deficiency  in  CaCO-i,  lime- water  sonietiDies  is  sujjplied, 
and  identical  results  obtainml.  The  addition  uf  freshly  jirccipitated 
alumina  serves  tiie  pnqjose  cfjually  well,  and  avoids  the  presene*;  (*f  tlie 
sulphuric  acid  resulting  from  the  decomposition  t*f  alum. 

Alum  ivmovcs  pnietically  all  the  Inieterin,  as  has  Ijeeu  proved  by  A'. 
and  A.  ^iidK^«,*  Protcssor  E.  Kay  Lankcster,  and  others.  The  use  of 
alum  in  the  purifiwition  of  water  is  not  of  recent  origin  :  it  was  de- 
scr i be«  1  as  en r I y  as  IH:\ ()  by  Fe I i x  t f  A n 'c t , '^  \\  1 1 1 >  mentions  its  e x t e n si v(* 
use  in  Egypt. 

I^imc-wattT  i»r  milk  of  lime,  atldcd  to  water  containing  cideinm  ear- 
lituiate  held  in  scOutitm  by  carlKJU  dioxiile,  causes  |n"M'i [Citation  of  tlic 
titrmer  by  uniling  witli  the  latter.  It  thus  withdraws  the  solvent  from 
active  service,  causes  prcei[M*tation  oi*  tliat  which  was  hchl  in  solution. 
and,  iK^eoniing  itself  (?on  vertex  I  to  an  insoluble  subst;mce,  is  precipitate<L 
So  a  double  precipitation  oct^urs.  But  wat4'r  thus  treattxl  is  not  iiccr-- 
sarily  limited  in  its  i-hanges  to  ii  rcim^val  of  its  excess  of  t^deium  car- 
bonate, for,  in  tile  preripilation  of  this  snbstanc4%  cotisideral>le  other 
matter  may  be  carried  down  mechanically,  and  l>acteria  are  lessem-^I 
dei'i*ledly  in  number, 

Permangjinatc  nf  putassiuni  is  used  more  or  less,  particularly  in  wells 
in    India  during    the   pn-valence  of    cholera   epidemics*      Enough    is 

*  Centmlblatl  fur  Bakit-riolo^p  und  i*u r.i^kvnkumU\  liK>2»  XII,,  p.  4^. 
'  Note  relulive  ik  la  cluritk'iitioii  du  Fwiii  dn  MI^  i"t  vn  iftm^mi  dvn  vaun  cotitfrniiU 
des  Bubataofci?  teri-eiiseH  en  i^usjifiisirnL     Aniia.Ji'^  irtlvgi^rit:  piibiique,  IV.,  p.  375 
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aiklrtl  to  seciifp  a  slight  pink  thi^v,  which  iudirate.s  a  slight  excess. 
Tills  aet^  a8  an  oxidizing  ii^nit  with  ^cmmI  roriiilts.  For  exiunpli%  Dr. 
r.  \\\  0*(Jorman  '  rehitvs  tliat  <hu'in^  an  outhresik  at  Midnapore,  the 
number  of  nt^es,  117,  wa.s  siqvjmscd  to  have  lieen  kept  dirnti  by  it*^ 
use.  Those  McrnrriHl  in  all  |mrts  rif  the  town,  exeeptin>^  in  tlie  Kuro- 
|K*an  qiiiirter  and  at  tlje  jaiK  The  tnriiier  iisini  wuter  whicli  wa.n 
tilterefl  or  boile*l  and  iilte!*c»il,  and  at  the  jail  es[)ecial  eaiie  was  taken  i*f 
the  water  supply.  Forty -six  public  an<l  private  wells  were  disinfeetet! 
witli  the  sidt,  anil  the  outbreak  thereupim  eeiisenl.  An  ounce  or  ouiiee 
ioid  a  hidf  ur  nxtre,  aeeordini^  to  the  sijce  uf  tlie  well,  was  dissolved  in 
a  bucket,  jwurttl  into  the  well,  and  .stirrtnl  about.  If  after  half  an 
hour  the  wat«r  nhowed  a  red  tinge,  it  waa  considered  that  enough  had 
hK'en  ad<le<l  ;  if  not,  more  was  aildeil  until  a  tinge  was  seen.  Aeeonl- 
ing  to  Han  kin  J "  enough  ui'  the  siilt  to  insure  a  nKldisli  tint  lasting 
twenty-four  hours  should  lie  aiUletl  ;  hut  exire  should  l>e  taken  not 
to  add  so  much  that  tj>h,  Irogs,  and  turtles,  put  into  wells  to  keep  the 
water  eltain,  arc  killeil  and  the  water  spoiknl  by  their  jmtrefaetion, 
IHiingni''  states  that  tliis  method  itiu  be  relie<l  U|mui  only  luider  eer* 
t}iiu  eiinditious^  and  even  tlien  its  action  is  not  cuutinuotis.  The  ngf nt 
must  ex[>end  itself  first  in  oxidizing  orgjiuic  matter  and  nitrites  Iwforc 
attaeking  fa-ganisms,  which,  for  tlieir  destruction,  rttjuire  it  in  fairly 
strong  solution.  He  lielievcs  the  method  to  he  fallacious  in  theory, 
<lefei'tivc  in  twlinic,  iukI  impossible  of  pnietit^d  ap[*!ieation, 

SodiuHj  liypiehlorite,  **  ehhiriuated  soda/'  and  ehhuinattJ  lime, 
**  chloride  i>f  lime,**  are  sometimes  u^ed,  but  in  the  ca&e  of  iKith  not 
without  great  risk  of  imparting  disagreeable  taste.  Moritz  Traul>c  * 
gives  a  simjile  njethod  of  puri^eatinn  by  means  of  the  hitter  agent, 
whirh,  added  to  thi-  *^xteut  of  kss  thim  hid  fa  gnim  to  a  hunflreiHl  liters, 
kills  all  bacteria  within  two  hours.  Tlie  excess  of  the  agtnit  is  neu- 
tndized  by  the  addition  of  Homowhat  less  than  half  the  amount  of  sul- 
phite of  ,^Mlium,  which,  aihlni  sfaiiewhat  in  c-xecss,  dtx^s  uo  barm, 
since  it  is  s^iou  oxi*liz<Hl.  The  assertion  l>  made  that  water  thus  tn^ate^l 
possesses  no  disagreeable  taste  and  f»as  its  hardness  nctt  ii[)preciably 
i  lie  revised. 

Tlie  "  Woolf  *'  method  consists  in  adiling  a  2  to  1^  jier  cent,  frolution 
of  salt  dcHMUiijiosi^l  by  a  current  of  eln'tricity  of  suflicieut  stretigth. 
This  is  er|uivaleut  to  adding  tlie  sodium  hypcK/hlorite  itself,  wlii*:h 
ag^'ut,  accimling  to  HunenuMun  and  Deiter,'^  can  destroy  iu  ten 
minutes  all  ty[»hoid,  choleni,  and  coli  orgsuiisnis  eontainetl  in  a  liter  of 
water,  when  enough  is  employed  tti  give  40  nu'lligmms  of  eileetive 
chlorine.  The  s<idium  i-raupouud  is  more  efficient  than  chloride  (»f 
lime,  for  the  whole  of  its  avaiialile  chlorine  is  almost  instantly  dif- 
fuse4l  through  the  %vatcr  and  acts  at  once.  A  tier  purification,  the 
ehhvriue  is  neutnili/xxl  Uy  means  of  R>dium  sulphite  (140  of  sulphite  to 

»  Imiiaii  Mt'iJicul  <iuzet(i^  Jidv,  IHIUk 
^  IhuUm,  inly,  18iM>. 

*  BritiNh  Meclical  Jrnim!*!.  Au^^  17^  I  HOI. 

*  Zintsi'hrift  fur  Hyi^ieiio  nn«l  lnfi'rti!Jim>Umnkht''iten,  XVI.,  p,  HO, 
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I  of  cblorine),  and  the  water  is  then  practically  unaltered  in  appear- 
■eep  taste,  smell,  and  hardness,  but  only  when  the  amounts  of  the 
iBpoands  to  be  added  have  been  most  carefully  determined. 
\  CUorine  as  such  is  used  also  to  some  extent ;  but,  although  effective, 
I  is  open  to  the  objections  that  apply  to  the  use  of  the  hypochlorites, 
pT  which  it  is  the  active  agent. 

\  Bromine  also  has  its  advocates  as  a  chemical  purifier,  both  on  a 
piU  and  on  a  large  scale.  Schumburg  ^  recommends  a  process  which 
i  fltid  to  kill  in  five  minutes  nearly  all  of  the  ordinary  bacteria  and 
t  pathogenic  organisms  found  in  water.  He  uses  a  solution  of 
|D  parts  each  of  bromine  and  potassic  bromide  in  100  of  water,  1  cc. 
f  which  suffices  to  sterilize  f5  liters  of  Spree  water.  After  five  minutes' 
kOBtact,  the  bromine  is  neutralized  with  ammonia,  and  the  result  is  a 
inr,  tasteless,  sterile  water.  Very  hard  waters  and  grossly  polluted 
Sfer  and  marsh  waters  require  larger  amounts,  because  of  the  presence 
if  lime  salts  in  the  former  and  of  ammonia  in  the  latter,  which  com- 
bine with  the  bromine  before  it  has  opportunity  to  act  as  a  germicide. 
WS^  such  waters  it  is  necessarj'  to  add  enough  of  the  solution  to 
poduoe  a  yellow  tinge  which  will  persist  at  Iciist  half  a  minute.  In 
■J  case,  whatever  the  amount  of  the  bn>mine  solution  used,  an  equal 
volame  of  9  per  cent,  ammonia  water  should  be  added.  (In  a  later 
eommunication,  s<Hlium  sulphite  is  recommended.)  This  process  is 
Roommended  particularly  for  use  in  the  army,  and  in  the  tropics,  for 
diipe'  supplies,  and  for  individual  use  in  times  of  epidemics.  A  kilo- 
gnm  of  bn>mine  is  sjiid  to  suffice  to  slerilize  16,000  liters  of  ordinar}' 
nter.  In  practice,  however,  the  process  has  not  met  with  a  large 
measore  of  success.  Scihiider*  has  tried  the  sehenie,  and  finds  it  unre- 
liable. It  was  testwl  in  the  Soudan  Ex|)editi()n  in  189H,  but  the 
<iifficQlties  attending  its  use  were  enough  to  Icjid  to  its  abandonment. 

Treatment  with  metallic  iron  in  the  form  of  borings  and  punchings 
i«  employed  in  a  number  of  ]>laces  in  Europe  with  most  succt»ssful 
Wsolts.  The  best  known  of  the  processes  in  which  this  agent  is 
«nployed  is  that  of  An<lerson,  in  which  the  water  is  delivered  into 
Iwg  iron  cylinders,  on  the  inner  surface  of  which  are  cur\'(»d  partial 
<Iiaphragms  which,  as  the  a|>pamtus  slowly  revolves,  carry  upward  the 
pieoes  of  iron,  which  fill  about  a  tenth  of  the  volume  of  the  cylinder, 
*nd  cause  them  to  shower  (H>nstantly  downward  through  the*  water  in 
^  passage.  The  carbon  dioxide  in  the  water  attacks  the  iron  nn<l 
fcins  ferrous  carbonate,  which,  when  the  water  is  discliarg(»d  into  the* 
<l*nair,  becomes  oxidize<l  and  convert<<l  to  ferric^  hydnito.  This  floc- 
^ent  matter  entangles  much  of  the  orgimic  matters,  including  the 
liacteria,  and  then  the  whole  is  pass<Ml  through  sjuul  filters,  the  effluent 
™n  which  is  very  pure  and  practicidly  sterile.  The  |)roc(»ss  is  unneces- 
sarily expensive,  involving  as  it  does,  in  addition  to  the  first  c<ist  of 
^te  plant,  considerable  outlay  fi»r  power  and  other  items,  while  the  same 
*^ult8  in  the  end  may  be  obtained  by  the  more  simple  pr<K»^ss  of  sand 

'  Deatuche  medicinische  Wocliens<;hriftf  March  4,  1897. 

'ZeitHchrift  fur  Hygiene  und  Infectionskrankheiten,  XXXVII.  (1901),  p.  307. 
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filtration   alnm\      MnreDver,   it   a|j|ii'ars   tlmt    with    jitiity   wuUt^^ 
nrpiiiic  consiitanits  t^f  wliirli  form  siilnblc  ei>n]|K>uiids  with  tlie  mmjk 
n  v-^iil  ts  \i  rv  1 1  nsiit  i.^lacti  wy . 

The  iisc^  *»i'  iv/Amr  lias  been  ret'uniiiiencle<i  ns  a  very  ettirient  im*tl 
<»f  .stitTilizin^  drinkiii;^-%vater,  and  ex[H}rinient>i  on  a  larg*?  f»cale  l 
yieldc'^l  fijv(»ra!}le  ra<iilts.  Exix^riiiientintr  on  very  stmdl  quantitj 
with  a  Sii'iiions-Halske  appamtiis,  \\*<'yl '  iiniiid  tliut  2.3  tnilli^ms 
itzmw  were  ?^ut!ieieiit  tu  th'stn>y  W  jht  rent,  of  the  hart  em  omtau 
in  20(>  ce.  fd'  water  irotn  the  Tep'l  Lake,  With  3  and  4  milligRUl 
he  obtainetl  complete  sterilization  of  0,5  liter  of  water  containing  6,0 
liacteria  to  the  ee.  For  piiriiieation  on  a  lar^e  seAle^  the  inipurp  w; 
is  eausiHl  to  percolate  thnHigh  a  tnwer  filUnl  with  jH-hhleri,  th 
whieh  the  ozi^nizefl  air  passe.*?  npwanl  The  Sienjens-IIalske  appi 
used  will  pnxliiee  20  granLs  of  ozone  in  an  hour.  The  iMietcriii  i 
rethuHxl  at  lea.st  ^}d  per  cent,  antl  the  jwreentjigo  of*  organic  mailer 
greatly  dinnnisluH],  bnt  the  ]>roeess  is  at  jwsent  ver^'  im|X'rfe('t, 
more  than  70  per  *vnt.  of  the  oxone  pnwlnei^d  ii*  h)st.  The  ozunij 
water  J  altbon**;h  free  from  odor,  hiis  an  nn  pleasant  tastt%  ami  with  m 
jjernms  its  rise  eaa^se^  deitingement  of  the  8t«)maeh.  This  fault  nc 
sitates  furtlier  eleetrolytie  treatment  with  alnndnnm  electrodeii,  wberd 
alnminuni  hydrate  h  formed  ami  the  water  is  elarified  and  freetl  fm 
ozone. 

iSodinm  bisnlphate  has  been  reeommende^l  l>y  Parkers  and  Kidesil' 
the  prop »rt ion  of  !•*)  grains  to  the  pint.  They  state  thai  B,  /y/iA- 
is  killed  within  five  minntes,  bnt  rtrommend  a  eoutaet  of  fifte<*D  rni 
utes,  in  oixler  to  insure  sterility.  Warner^  has  found  that  tlii- 
snrti(*fent  to  cause  a  striking  rtHluetion  in  the  nnmber  eif  added  gem 
but  not  complete  sterilization.  In  moi*t  cases,  B,  bjphmnH  i^  dc^tiov 
in  thirty,  antl  B.  vhnlenr  in  ten,  minutes,  (^mtniry  to  the  siatempiir 
that  tlu^  agent  iui|mrts  an  agret*al)le  acid  taste,  Wanier  finds  that  t(» 
some  |>ersons  the  taste  is  un|>leasant,  and  to  all  woidd  prnbaldy  be<^mu* 
irksome.  More^jver,  a  |XTson  ciMisnming  5  pints  of  water  in  a  <lay 
would  8walh)w  7o  grains  <d'  the  siilt,  whieh  would  tend  to  iucrea-^* 
rather  tlian   t(»  ipieneh   thii-st. 

( liemieal  pnrifieati<»n  of  water  Hunetime^  occurs?  without  the  inter- 
vention id'  ]>roeessc*.s  esf>tx*ially  pnniiltHl,  of  widi'li  fact  Prtvfes^^or  Ltfl- 
maun  *  rectuxls  a  eonspiemnis  instance.  The  Sdmylkill  River  in  llic 
U|iper  |Mii:  of  its  course  receives  much  rcfu.se  mine-water,  and  IxtvP"*^ 
iruprcHrnated  with  iron  mlts  and  frir  minend  acids.  **  In  iti*  miir^"' 
about  one  hnndred  ndles  it  passes  over  an  <'xtensivc  limestone  distn«^ 
an<I  receives  seveml  large  strt^ims  highly  eliarged  with  i^deiunt  car- 
bonate. The  result  is  a  neutralization  of  the  a4"id  and  a  preeipitati<»ii 
of  the  in ui  and  much  of  the  <*ale!unL  The  river  becomes  purer,  h»J 
at  its  junction  with  tlie  Delaware   River,  at    Philadelphia,  it  toin 

*  Cent ifi Kin tt  fiir  rt}*ktt'iioli*|L'lLs  XXVl 

*  Trjinstirtioh'^  of  Ih^  F4iiVlt^inioln^iral  Siwieh%  LoikIou,  XX.,  1900-1001. 

*  Pithliv  n*?iilili,  July.  IWl,  p.  71H). 

*  ExioiimjiruHi  of  Watur  fur  Saniiurv  uml  Twliuie  Pur|ioHeis,  Pliila.,  18^»  ^  U 
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neither  free  sulphiirir.  nor  livilmehlnrit'  acid,  only  traces  of  iron,  and 
1*11 1  a  small  iinioimt  of  calriiini  <iiljjliat*\  In  tliis  manner  there  is  prij- 
diiceil  a  soft  water,  .sufierior  to  that  i>f  the  river  nejir  its  souree,  or  to 
the  hanl  waters  of  the  miihllp  Seluiylkill  region/* 

2.  Boiling  and  Distillation.— Fioiliiijj^  as  a  means  of  purification  has 
iieeti  pmetistHl  from  verv  early  lJiTies»  nml,  in  faet,  was  ui  I  vised  hy  rii|»- 
jwiemtts  (46(>— 1*177  b.  v.j  for  the  avoirlanee  oi'  eular^emeiit  of  the  si>letMJ. 
This  proce^  h  quite  eMeient  so  far  as  destruetion  of  the  micro-organ- 
isms is  eoneerne*!,  but  it  dcK^s  not  diminish  tfie  amount  of  organic 
matter.  It  does,  licnvever,  R*ihiee  the  amnunt  uf  dissnlveil  mineral 
mattiT,  in  that  ealeium  <*iirl>onate  held  in  solution  l>y  earhon  dioxide 
is  preeipitated,  and  caleium  sulphate,  heing  Iv^-^  solulile  in  hot  than  in 
cold  water,  tiinds  to  separate  out.  Boiling  is  available  only  to  a 
limital  extent ;  that  is,  it  is  a  prot*ess  whieh  nni  l)e  earricMl  out  in  the 
household,  hut  not  on  a  large  scale  before  puldic  di>tribution  of  water. 
H<*iU^J  water  is  not  palatahh'  until  aeration  has  n.^  to  red  the  projier 
taste,  but  this  is  easily  aeromplishetl  liy  passing  it  from  one  vessel  to 
another,  or  by  agitation  in  c«nitaet  witli  ain 

Distillation  t^onstitntes  a  most  etfieient  proeess  tVir  obtaining  pure 
water.  This  pnxH'ss  produees  neees.sirily  a  sterile  water,  whieh,  how^- 
ever,  needs  thorough  aeration.  In  the  apparatus  nseil  in  the  United 
Static  NavVt  the  steam  gix's  to  the  eondensers  in  eompany  with  air,  si> 
that  conrlensiitirui  and  aenition  (xtnu'  eoini'i<lently.  W  liiie  no  baeteria 
irom  the  uriginal  water  ran  {ksss  over  into  the  distillate,  other  volatile 
matters  <'an  antl  do,  and  instances  are  c^ommon  to  prove  that  the  dis^ 
tillate  of  a  toul  harl>or  water  may  produce  nausea  ancl  tharrhaea  in  all 
who  drink  it. 

3.  nitration  is  a  prooeas  of  purificiition  which  is  most  efficient  and 
available  it*r  large  watiT  supplies.  It  is  employed  on  an  extensive  scale 
by  lunnerous  large  cities  in  EuntjX'  and  in  this  country,  IWbre  describ- 
ing the  proceHH,  however,  it  is  in  order  to  consider  filtration  in  the 
household, 

DOMESTIC   FILTERS. 

The  domestic  filters  in  common  use  are,  a.s  a  rule,  useless  except  for 
the  removal  of  s«spendtMi  matters,  such  as  irfm-nist,  dirt,  and  other 
coarse  partich^,  and  w^orsc  than  useless  in  respect  of  Imcteria,  tlie  re- 
moval of  which  is  elaiuie*!  but  not  acconi|*lislied,  in  tliiit  tbey  engender 
a  false  sen.se  of  siifety,  while  they  tavor  the  growth  and  nudtiplir^ition 
of  organ isTus.  Most  of  them  are  small  affairs  for  atUichmcnt  to  a 
water  faucet,  filh><l  with  a  liltering  mcHlium  of  coarse  .siiud,  animal  iliar- 
cv)ah  sponge,  ground  glass,  wool,  felt,  and  other  substances  which  strain 
out  the  visible  suspended  matters  not  a  whit  licltcr  than  tlie  simple 
liaunel  bag  in  comuKui  use  in  New  England  ami  elsewhere  atjuarter  of 
a  century  ago.  They  permit  the  passage  oi*  a  good  stream,  luul  this  faet 
itself  is  prf>of  of  their  incrtieiency  as  bacteria  filters,  tVir  any  material 
sufficiently  coarse  to  pcnnit  J^jpid  passage  of  water  is  not  sufficiently 
fine  to  hold  back  such  exceedingly  miiuite  suspended  matters  as  bacteria* 


356 


WATER, 


Kio.  33, 


ChunberUnd- Fasten r  filler 


Most  of  the  materials  use^l  l*et'fimc  viivy  foul  in  a  Bhort  time,  and  in 
consequence  the  water  i8  rieher  iu  htieteria  mi  issuing  than  it  was 
^>t'fore  t^ntmneo.  Thi*^irt'tieally,  aniDuiI  charcoal. 
on  accniint  ui*  its  (ixulizin^  action,  ^should  Ik*  an 
k!ml  fihcrinu:  nie<liiiin,  and  at  first  it  will  re- 
move a  liir^c  jm»jjortii>n  of  the  bacteria  and  more 
or  less  of  any  foli  irhig  matters.  But  very  shortly 
it  becomes  foul  ;  the  calcium  ph<jsphate  \y!iich 
it  contains  ts  <>f  great  assistiiuiTti*  the  growth  of 
bacteria  ;  clean iu^  is  imposj^ible,  and  the  effluent, 
if  stored,  socm  hecfmics  very^  foul  and  utiplctisaot. 
Tlie  only  dumcstic  filters  worthy  of  the  name 
are  those  which  remove  mechanic'silly  all  the 
bacteria  of  the  water  und^  at  the  same  tinxe,  add 
nothing  of  their  own  substance  to  the  water* 
Such  arc  tljc  Chamberland-Pasteur,  the  Berke- 
i'cbl,  ami  uthers  based  nn  the  same  princi|>le. 
In  these,  the  tilteriug  mc<liuni  is  uu^laztHl,  well- 
baked,  holl<*w,  iwirwiain  cylinders  closed  at  one 
end  like  a  test-tube,  enclosed  within  a  metallic 
nr  glass  jacket,  with  suftitnent  intervening  sj>aese 
for  the  watet\  which  enters  dirc^ctly  iVnni  the  tap 
under  its  usual  pressure  or  **  head/'  The  open  Iciwer  end  M'  the 
cylinder  discliarges  the  water,  which  ]iasses  directly  through  the  walls 
of  the  eylindci's,  or  ^*  bougies,"  in  the  same  way  in  which  it  would  gti 
thmugh  bhitting-pafHi-n  Tlie  material  is  such  a  very  fine  strainer  that 
it  excludes  all  susjH'udtHl   matters  whatniever.      (See  Fig.  oo.) 

The  l>ougies  of  the  ClKimberhnid-Piisteur  filter  are  made  of  well- 
bakal  kanlin  of  the  proper  degree  n(  pt^-osity  antl  hanlm^s  ;  formerly 
those  of  tixe  Be^rkefcld  filter  were  made  of  a  soft  friable  infusorial  earth 
peculiar  to  (fernnauy^  called  Kieselguhr,  but  as  tliey  were  ver\'  brittle 
and  very-  liable  to  fra<'ture  while  being  ^'leaned,  they  are  now  made  of 
a  special  lilend  of  clays  used  in  the  manufiictore  of  the  finest  |wjrcelain. 
Bougies  of  other  makes  are  of  porcelain  of  varying  grades. 

All  these  filtering  tubes  are  purely  mechanical  iu  tlieir  action,  and 
remov^e  none  of  the  matters,  poisonous  or  otherwise,  iu  solution. 
While  they  remove  ami  retain  on  tlu^ir  external  surface  al!  the  bacteria, 
they  cannot  prevent  the  growth  of  the  organisms  from  without  inward 
thrf)ugh  their  walls,  and,  indeiMb  this  occurs  so  quickly  that,  in  order 
to  sixnire  abnohitely  sterile  water  continuously,  it  is  necessary  to  clean 
and  sterilize  the  bougies  daily,  and  thus  it  is  advisable  tf>  have  two 
sets,  one  of  which  mu  hi'  cleaned  wliilc  the  fithcr  is  in  iM^v, 

It  has  been  pn»ved  repeat txUy  that  normal  water  and  water  artifi- 
ctally  and  extensively  infe<'t4Hl  will  yield  on  the  tirst  day  of  the  use  of  n 
<\ean  bougie  a  |RTtectly  sterile  filtrate,  and  that  on  the  H'eoiid  or  third 
<lay  a  very  small  number  of  bacteria  will  most  likely  be  present  ;  but 
these  art*  invarialdy  ordinary  water  hacterin,  and  if  the  pathogenic 
varieties  occur  in  the  filtrate,  they  cf>me  consideml>ly  lat4'r.      Kejieated 
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exp^rioirnt*^  with  wiitt^r  infectnl  witli  Ik  foii  commnnh,  B,  hfphmn/^^ 
and  B.  rbofrrff  have  t'liik'd  t(»  [>r(»ve  tlie  ints<figc'  iif  any  of  thest-  or^dii- 
isms,  while  the  ortliimn'  water  bacteria  go  through  ver\^  readily.  To 
secure  a  n^gular  sii|i|)ly  i>f  whuleMniie  if  nt*t  eonij^etely  sterile  water^ 
it  is  J  t  hi:  reft)  re,  su  Hie  lent  tn  (*Ie;i»  the  tiil»es  by  st^'iilibiiig  and  hoi  hug 
or  hy  baking  ahoiit  twiee  a  we«k.  It  appear?^,  however,  that  the 
Chandierhind-Pasteur  atnl  Berkefekl  hoiJgie,s  arc  not  equal  in  effieieney, 
for  Hornx^kis  ^  has  ^iieL^edeil  in  growing  B,  fi/phmm  through  the  avails 
of  the  hitter.  He  attributes  this  result  to  the  larger  size  of  the  lacunar 
.^p4iee.s  aud  to  theeonse<|neutly  diniiuished  imrnoliilizmg  and  devitalizing 
influences.  Since  the  shorte^^t  time  required  for  the  bacilli  to  traverse 
the  bougie  is  four  days,  steriiizatiou  hy  nieiins  of  boiling  water  should 
be  airrie<l  out  every  three  days,  in  order  to  insure  complete  .sifety 

In  genend,  the  requirement^  of  a  siitisfaetifrv  dfimestic  filter  may  l>e 
stated  aj^  folhjws  :  It  should  yield  a  snffieient  snp|)ly  of  ele4ir»  colorless 
water,  free  from  tixste  derivtx!  trom  the  filter  it.self;  shoukl  arre^st 
all  biteteria  and  their  sponjs  ;  and  should  Iw*  simple  in  constnietion,  and 
offen^l  at  a  low  price.  Thus  far,  those  made  on  thr  jjrinciple  of  the 
( liamberirmd-Pasteur  filter  have  met  tht^e  rtiquirements  best.  Their 
intrvKhietioo  into  use  in  the  French  army  in  IHHi*  was  tbllowed  within 
two  yenrsi  by  a  reduction  of  more  than  50  per  csent.  in  the  Dumber  of 
cases  of  typhoid  fever  ocx^urring  therein. 

PHtration  of  Public  Supplies. 

Filtration  on  a  targe  sesile  is  accomplished  by  the  aid  of  fine  sand  in 
filter  heils  i*f  pn^per  ronstruction,  which  aet  hr^th  meehanimlly  and 
hiiilogirally.  The  first  Ik>(Is  of  which  we  liave  a< -curate  knowkHlge 
were  those  constructed  l)y  Siiu])sou  in  Loudtm,  in  the  year  1H2S), 
which  wei\^  intendtnl  primarily  for  the  reujoval  oi'  dirt  ant!  other  sus- 
pended matters  ai using  turhiflity.  The  pnx^ess  was  regarded  at  that 
time  as  a  purely  mechanic:il  one,  and  tlmtigh  in  (N»urse  of  time  this 
kind  ftf  filtering  medium  t^ime  into  very  ovtensive  use,  it  was  gcn- 
enilly  believe<l  that  as  carrieil  f>n  then*  was  no  marked  chemical 
change  in  the  water,  and  that  what  did  oc^ur  was  attril>utal>le  to  oxi- 
dation of  orgiuiic  rjiattcr  by  air  in  tlie  interstices  of  the  sand.  ThiR 
wiLs,  indeed,  the  view  held  gi*oerally  up  to  th(^  time  when  tlie  extensive 
researches  begun  l>y  tlic  State  Boanl  of  Ilcaltli  *if  iMassjn'husetts  in  the 
summer  of  1887  proved  the  great  inliu(*nce  of  biological  agencies,  al- 
though it  had  been  shown  by  Meade  I^ilton,  Hencus,  Plagge,  Pros- 
kauer,  and  others,  that  filtnition  I'enKtvcd  all  but  a  trifling  jiercentage 
of  mier<»-i organisms,  and  that  water  bacteria  exerted  some  influence  on 
tiie  amount  of  the  usual  constituents  of  water. 

Although  sand  filtration  of  |>ublic  supplies  is  of  companitively  recent 
origin,  its  use  fi>r  individual  Ijouse  sujiplies  antedates  Simpson  by  at 
least  a  century  and  a  half,  for  Fortius,*  writing  in   ltj85,  relates  that 

^  Brit isK  Medical  Jmimul,  June  15.  IflOl,  p.  1471. 

*  De  militiis  in  t-a^stris  wmitate  tuentln,  unrl*>rv  Liica  Atitnniu  Partio,  Vienna,  1685. 


i 


368  WATER, 

the  Venetians  were  accustomed  to  filter  their  drinking-water  thioaijk, 
layers  of  sand  within  their  cisterns,  in  order  to  rid  it  of  diagreeiUij 
odor  and  taste. 

The  first  beds  constructed  by  Simpson  were  broad  basins  twelve  fat 
in  depth,  with  impervious  bottoms  and  sides,  containing  layers  of  stOM^ 
gravel,  and  sand,  which  occupied  half  their  depth.  Beneath  the  stomi 
were  laid  ordinary  drain  pipes,  through  which  the  filtered  water  m 
discharged.  As  the  top  layers  of  sand  became  clogged,  they  wot 
scraped  and  renewed.  The  beds  of  the  present  day  are  constructed  m 
very  similar  lines.  They  are  virtually  immense  tanks  of  varying  sae^ 
shape,  and  construction.  The  walls  are  sometimes  vertical,  but  i 
often  sloping,  sometimes  built  of  stone  or  concrete,  and  sometimes  on- 
sisting  of  ordinary  embankment.  Upon  the  paved  bottom  of  a  bed  ii 
laid  a  system  of  i)erforated  or  disjointed  drain  pipes  leading  to  a  oes- 
tral  culvert  or  well,  from  which  the  filtered  product  is  drawn.  Above 
the  drains  are  successive  layers  of  coarse  gravel,  fine  gravel,  oomk 

Fig.  34. 


Partial  vertical  section  of  one  form  of  filter  bed. 


sand,  and,  at  the  top,  one  of  fine  sand  from  three  to  five  feet  in 
{Sec  Fig.  .-54.)  .  .   u     I 

The  fine  sand  is  sharp-grained  in  character,  such  as  is  obtainable    , 
at  the  soashore,  and  it  should  not  contain  clay  or  other  material  of 
similar  niinut<'nc'ss  of  particle  ;  if  present,  such  should  be  removw 
oonipletoly  l)v  thorough  washing.      As  to  the  size  of  the  sand  parti- 
cles, it  may  i)c  stated  ^Micnilly  that  the  finer  the  grain,  the  better  the 
effluent ;  l)ut,  it  should  he  added,  the  more  rapidly  it  becomes  cloggf^ 
and  the  more  lre(]uently  it  needs  to  be  scrajXKl  off,  and  finally,  the  more 
difficult   it   is   to   wasli  for  future    use.     With   the  finest  sands,  the 
bacteria  are  removed  absolutely,  but  filtration  proceeds  so  slowly  tha* 
tlieir  use   is   not   practi(*al>le.     The   most  effective  size  of  grain  i?  * 
matter  on   wliicli  o])inions  differ  ;  but  whatever  the  size  adopted,  it  ^ 
important    that    can*   be    taken    to   insure    uniformity.      It   is  stat^ 
variously  to  be  from  a  fifth  to  one  millimeter  in  diameter,  that  i^ 
the    diameter    of  a    sphere    in    volume    equal    to    that    of  the  gw- ^ 
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-svithout  regard  to  the  s1ju|>p  **!"  die  luth^r.     Thr  liiglier  figure  Ls  the 
tjoe  ailopte<l  by  the  luithoritifs  at  Hamburg. 

R<'fore  tlie  water  is  apjilied  to  tlie  bttl,  it  iiniy  l>e  ailvisabk'--*aiKl 
if  it  is  from  u  turbid  rivor,  it  will  \k'  noiM^s.sary — to  allf>vv  it  to  stuml 
M^veml  ilay,s  m  a  sL-ttUiig  basin  or  rt'sorvnir,  in  <mlor  that  the  sus- 
(H'luled  mattor?i  may  sobslde,  aud  thus  tlie  too  rapiil  eloj^giiig  of  the 
iut*^r,stii'es  of  the  sauti  with  mud  Ix;  prevented  or  retiirded.  Observ- 
ance of  this  pret^ution  will  result  in  lessened  neec^^ity  of  freqiieut 
<Oeaning.  Not  only  are  the  susj>endHl  matters  lessenetl  in  amount, 
bat  fjrganie  matters  in  so  bit  ion  may  lx»  destroy  e^l  more  or  les8  com- 
[)letely  by  baeterial  aetion,  and  the  luieteria,  too,  may  be  diminished  in 
nujnl;er  \w  being  wirried  ilown  with  the  st^tling  matters  with  whieb 
they  are  in  contiiet,  and  Ivy  the  death  of  the  less  hardy  varieties.  In 
the  aise  of  waters  from  p*mils  and  lakes,  tlie  prebminary  se<iimeuta- 
tion  proeeeds  tn  hHh  and  the  settling  tank  is  not  neixled. 

The  water  is  delivered  continuously  at  the  surface  of  the  bed  by  ^ 
devices  antomatieally  regulated^  and  percolates  downward  through 
the  various  layers  ot'  sand  and  gravel  to  the  outlet  piix^s.  Except 
with  very  tint:  samls,  tht-  tirsl  water  of  the  efttneut  is  mit  much,  if 
any,  purer  than  the  original,  l>ut  in  a  short  time  a  sediment  layer  is 
formed  on  the  surfaee  and  a  slimy  algoid  growth  occurs.  This  sufjer- 
tieial  layer  acts  both  mechanically  and  by  its  contained  bacteria  to 
cause  the  removal  and  (*xidatit>n  of  m-ganic  matter  and  destruetion 
of  l»aeteria.  The  residting  effluent  is  ^juiti^  ]>nrc  and  practically  sterile. 
The  Lawrence  filter,  Inr  instance,  removes  more  than  ()T.oO  per  cent. 
of  t!ie  organisms  present  in  the  water  as  delivered,  and  the  reduction 
is  still  more  marker  I  at  the  hous<j  service  }>ii>es,  where  fHM7  per  cent, 
is  rei'onlcd,  the  increase  !ji  purilication  being  supposixily  due  to  the 
faet  tliat  their  uci'cs.sary  ibod  material  has  Wen  rcJuovtHl,  and  henee 
they  cannot  limg  survive.  At  Hamburg,  Altona,  Stuttg.iit,  London, 
and  other  places,  the  ralnction  in  liacteria  is  about  the  Kime  ius  at 
Lawreuee. 

All  organic  matters  are  not  acted  upon  to  the  same  extent  during 
filtration  ;  some  are  deeomposeel  very  mpidly  and  mineralized,  while 
others  are  attacked  so  slowly  that  eonipletc  removal  during  tlie  stiort 
periml  elapsing  Ix^twecu  entrance  and  exit  is  often  tpiite  impossible. 
This  hitttr  eljLss  includes  the  brown  coloring  matters  so  com uKady 
(jiTsent  in  surface- waters.  These  are  very  stable  eomiH>uuds  :  they 
jiersist  during  long  storage  and  are  nitrific^l  but  slowly.  In  the  proc- 
ess of  chemical  treatment  with  alum,  howt^ver,  they  are  coagulated 
and   removcHJ   very   quickly. 

The  slime  layer,  mud  layer,  or  **  sclujint/.dirke,"  is  believed  by 
Bome  Ui  constitute  the  sole  actual  tiltering  metlimn,  the  sanrl  beneath 
acting  only  as  a  means  of  supjx>rt.  But  experiments  condncted  at 
Ijawrence  and  elsewhere  shc^w  that  this  is  not  true,  and  that  if  tlie 
greatest  care  1k'  exercised  not  to  disturb  tlie  iinmc^liately  underlying 
sand,  almost  the  whole  of  the  slime  layer  may  be  stripptMl  otf  without 
causing  any  change  in  the  l>aetcria  e<uint.     The  greater  part  of  the 
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work  is  done  in  the.  upp^r  layers  of  the  l>ed,  and  yet  bacterial  efl 
is  not  necessarily  established  as  soon  as  a  coating  has  been  fon 
A  perfectly  new  filter  does  not  show  its  l>est  results  until  it  has  beet! 
in  use  for  some  little  time,  during  which  the  sand  }Virticles  for  il 
considerable  depth  become  coated  with  the  jelly-like  deposit. 

The  active  agents  in  bringing  about  the  death  of  the  bacteria  cmhJ 
tained  in  the  effluent  and  in  accomplishing  the  destruction  and  miner-] 
alization  of  the  organic  matters  are  of  the  same  class  of  nitriiyiog  | 
organisms  as  are  constantly  at  work  in  the  soil.  The  death  of  tb 
bacteria  is  not  directly  due  to  the  process  of  nitrification,  for  it  las 
been  proved  that  a  ver>^  marked  increase  in  the  process  is  not  neo»- 
sarily  accompanied  by  any  diminution  in  the  number  of  organisms 
which  manage  to  pass  through  to  the  drains.  It  is  possible  that  die 
supposed  relation  of  c%iuse  and  effect  is  merely  a  coincidence  of  con- 
ditions, that  is,  that  the  conditions  favorable  to  nitrification  are 
unfavorable  to  the  vitality  of  the  ordinary  bacteria.  It  is  also  pos- 
sible that  through  nitrification  the  latter  are  deprived  of  at  least  part 
of  the  food  materials  necessary  to  their  continued  existence  and  mul- 
tiplication. 

Nitrification  sometimes  ceases  suddenly  after  it  has  been  proceediif 
for  a  long  time  at  a  proper  rate,  and  then,  after  an  interval,  begios 
again  without  apjmrent  reason.  One  explanation  offered  is  that  the 
prcxjess  begins  only  when  a  certain  amount  of  nitrogenous  matter 
has  accumulated  within  the  interstices,  that  it  then  proceeds  until  the 
store  is  consumed,  and  that  pending  a  further  accumulation  the 
process  lapses.  In  winter  it  does  not  bi'gin  again  until  the  tem- 
})eniture  of  the  effluent  reaches  at  least  39°  F.,  but  after  it  is  once 
startcKl  it  is  unaffected  by  a  fall  to  .3o°.  The  most  favorable  teni- 
pc^raturcs  for  the  process  are  those  of  the  hot  summer  months. 

As  to  the  rate  of  filtration,  it  is  im]K)rtant  that,  whatever  the  rate,  it 
shall  he  uniform  all  ov<t  the  filter.  It  has  l)een  proved  by  the  Ma^*a- 
cJmsctts  State  Roard  of  Health  that  2,000,000  gallons  per  day  can  be 
filtered  through  each  acre  of  filter  l)ed  with  the  removal  of  substantially 
all  th(»  bacteria  originally  present.  The  Im)>erial  Board  of  Health  «»f 
(lernutny  fixes  2,500,000  gallons  ])er  acre  as  the  maximum  amount  per- 
missible. Koeh^<  thr(H'  rules  of  filtration  are  that  the  rate  of  down- 
ward movement  should  not  exceed  100  millimeters  an  hour,  that  the 
filtrate  of  each  scrtion  should  be  examincHl  daily  while  the  l)ed  is  at 
work,  and  tliat  filtered  water  containing  more  than  100  bacteria  to 
the  ce.  should  not  be  alloweil  to  enter  the  pure  water  reservoir,  but 
should  be  rejectiHl  or  refiltered.  The  bacteriological  test  is  much 
superior  to  eh(Mni<*al  analysis  for  watching  the  efficiency  of  a  filter 
and  a  simple  count  is  (juite  sufiicient  without  attempting  to  identify 
the  sptvies. 

When   the  filter  begins  to  discharge  slowly  on  account  of  the  extent 
of  the  algoid  growth  at  the  surfiiee,  it  is  not  safe  to  increase  the  pri^* 
ure  unduly  by  fiooding  the  bed  with  an  increased  depth  of  water,  fr*"** 
as  was  shown  by  an  experience  at  Berlin,  such  a  procedure  may  fof^^ 
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the  bacteria,  whieh  liitvi'  ac^'Ujniilatcil  largely  in  the  me^^ht*^  of  the 
gnAvtii,  di}\\'n  tljnmgli  the  filter  at  8Ueb  a  nite  that  they  are  not  de- 
stroyetl  by  the  usual  a^^iieiei^.  In  thi^  eane  the  water  level  wat^  misHHl 
two  fiH't^  with  the  result  that  the  portion  of  the  eity  wlireh  was  .sup|vlie<I 
with  the  water  of  that  partieular  IhkI  was  visite<i  by  an  epidemie  uf 
typhoid  fever.  The  sanie  Hjrt  of  aeeident  oeeurred  at  Altona  some 
years  a^o,  when,  a  year  after  sueeessfully  going  tlirouiJ^h  tlie  eholera 
epitleniie  whit^h  devastates]  the  neighboring  eity  of  lland>urg  so  exten- 
sively, a  deieet  in  the  tiiter  Ivetls  wna  followHl  by  an  oiitlireak  of 
elailera,  whieh  disease  ha<l   then  dit^l  out  irj   Hamburg. 

When  the  setlinieut  layer  bee^onies  so  thick  and  dense  tliat  with  the 
niaximnnx  pivssure  allowable  the  ret [ aired  amount  *d'  water  fails  to 
pass^  it  heeoim'S  neeessary  to  sera|)€>  off  the  ineli  or  so  tliat  lias  formed^ 
and  then  to  jjniecH'd  as  thtaigh  the  btnl  were  new. 

It  will  reijuire,  as  a  riik%  several  days  for  the  formation  of  a  new 
swlinient  layer,  and  until  it  ig  well  developti  the  effluent  should  either 
be  rejeetefl  or  iTum|)tHl  hack.  The  friHiueney  with  which  a  bed  will 
rerjuin^  to  be  serape<l  dejM'utls  upon  individual  eiiT^umstanet.s^  such  as 
the  size  of  tlie  gmins,  the  eharaettT  of  the  water  as  applie<l,  the  rate  of 
movement,  the  se4is<m  of  the  year*  The  I'emoval  of  the  top  is  not 
ditUeult.  It  is  quite  compact  and  distinct  fmm  the  sand  beneath  it> 
and  is  rendily  pareil  c»ff  with  shovels  or  other  tools.  Successive  eleau- 
ings  may  take  plaw  with^mt  n'placcmeut  of  the  sand,  until  tlie  def>tb 
of  the  iiUering  material  is  rtHluoHl  to  about  15  inehe^^  but  not  below 
12,  The  seraj>ed-o!f  sand  may  be  washed  thoroughly  in  a  machine  ftir 
the  purpose  until  a  sam|)le  in  a  beaker  yields  nr»  turbidity  to  eleao 
water,  and  it  may  then  be  st<u\il  until  needed  for  future  a]>plication. 

Experiments  liavi-  htH'n  trml  repeatedly  in  Massachusetts,  IkM*liu, 
and  elsewhere  in  sterilizing  sand  by  boiling  it  in  water  or  otherwise 
subjeeting  it  Uy  higlt  temperatures,  antl  then  determining  its  efticieney. 
The  resuhs  have  proved  invariably  that  more  baeteria  are  found  in  the 
filtrate  than  hi  the  original  water,  ami  tins  is  ex]»laiue<l  by  the  suppu* 
siticm  that  the  haet^'Ha  that  enter  find  in  the  eooked  organic  matter  u 
food  supply  most  favorable  to  enormous  multiplie-ation,  and  that  the 
baeteria  in  the  wasluHl  sand  an*  uecessary  fbr  tlu^  destruction  < if  tu*ganic 
nuitter  ami  of  some  of  the  varidies  of  water  bacteria. 

Dnring  and  inuuediately  after  tlie  scraping  |iro<'ess,  tlie  IkhI  is  utres- 
warily  out  of  use,  and,  therefore,  it  is  ntressary,  in  onler  to  insure  am- 
tin  nous  tiltnitiou,  to  have  a  nundx^r  of  st*]>amte  beds,  and  to  scra|K^  them 
tn  turn.  In  this  way,  whih*  lau'  is  out  <>f  use,  the  others  can  carry  on 
the  wtirk. 

In  ecjld  weather,  owing  to  incn"a,^Hl  viscosity  of  the  watc^r,  the  nite 
of  tiltratiun  is  less  than  in  the  warmer  mouths.  In  very  cold  elimate\«i, 
the  format itm  of  thick  ice  makes  profwr  chransing  of  the  surface  im- 
p>ssible  ;  antl  imperfect  s< Taping  ra uses  imperf*eet  tiltnition.  The  re- 
moval of  the  iee  augments  eonsiderably  the  cost  of  maintenancM:',  and 
this  item  alone  in  one  of  suffieieirt  impitrtance  to  warmnt  tlie  expense 
I »f  covering  the  beds.      But  asiile  from  cost,  the  elHeietiey  of  the  j>r(*cei*s 
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is  80  niiioh  jjreater  and  i\w  dao*rrr  nt*  ef>i<lefni(*s  of  water-bomo  d5*< 
i,H  HO  nuirli  dinniiislial  tliat  the  (>l:int  in  ;i  ruUI  rlimate  s^honld  aUaysli 
<"overo<J.      With  an   uncovered  filter   suhjeet   to  freezing  tenjpratun 
InnxrltH^t  fiitnitinn  is  almost  sure  to  necnir  i»eri<»dically,  and  thi;?  i^ 
eatcd  l>y  an  inervase  in  the  daily  l>aeteria  eoiint.      Thus,  WaJlicb?^ '  ! 
nntcHl  that  afti^r  freezing  had  oeeurrcHl  m  the   hlt4i*s  of  Altoua  in  W 
rusiry,  IHKll,  Jaimnry,  1887,  Fcbrnary,  l>!88,  and  January,   IS9U 
nnmher  of  gerras  in  the  filtered  water  rose  considerjibly,  and  in 
ioatiLnce,  tn  the  following  month,  there  wsls  an  unusual  increase  in 
amount  of  typhoid  fever. 

Freej^ing  of  the  surfat^e  aiuses   imperfect   titration   by   bringing' 
about  that  the  l)al  is  ONorworkeil  in  thost^  plaees  whiidi  are  still  peni 
The  apjjlieation  of  water  to  the  frozc^n  surface*  thaws  the  kv  slowly 
unequally,  and  wliei\3  tlie  filter  18  active,  it  is  doing  the  workrtf  ilj 
frnzen  neighlKiring  areas. 

Scraping  of  a  bed  below  the  iee  eake  is  ]ierfornH^l  with  a  machii 
which  runs  between  the  sand  and  the  iee,  eots  tlie  layer  and  rt-^v'ivesj 
in  a  bag  as  fast  as  it  is  removed.     It  is  dmgged  fmni  biile  to  sidei 
out  breaking  the  iee  above  it. 

Covering  a  iilter  is  ailvantiig€H>us  in  another  direction,  for  by  1 
exclusion  of  light,  growths  of  alga^  aiT*  iidn^bited,  and  there  is,  i 
fore,  less  m^'d  of  frequent  eleaniiig. 

On  the  otiier  hand,  open  filter's  get  the  benefit  of  the  sterilizing  ifl 
fluence  of  direct  sunlight,  but  this  is  more  than  ♦iffset  by  the  proniotiaj 
of  luxuriant  growth  of  algje  an<l  other  inicru^ropir  plants  in  the  warm^l 
mt»nths.  It  is  son»ctiines  hariUy  possible  to  keep  filtei*s  in  good  work- 
ing order  in  summer  owing  to  tliese  growths,  which  clog  the  inti^rstui* 
very  quiekly  and  cruise  diniinislictl  elticieney  just  at  a  time  when  tk 
deniiind  I'or  water  is  gn/atest.  l*hc  eoiiieificnee  of  greater  deniau<]  ami 
more  frtHjuent  cleaning  does  not  jH-rmit  of  sufficient  intervals  el  n^ 
after  the  completion  of  the  scraping  prcMX^s, 

In  what  is  known  as  **  intermittent  filtnitiou,"  the  filter  bixl  is  i^^J 
fV»r  tlie  retTption  of  water  during  |)art  nf  our  day,  siiy  sixtet»n  liuiii^,  ♦•r 
ev(  n  dnriiig  sevenil  days,  and  then  is  atlnwiMl  hy  <lrain  off  and  re^t  frf" 
a  while.  As  tlie  water  drains  away,  the  intei'stieej^  of  the  saud  becj>nn' 
filled  with  air,  that  is,  the  bed  becomes  aerated,  ancl  thus  the  nitrifv- 
ing  bacteria  which  lu'ing  about  the  destruefion  i>f  organic  matter  -uitl 
its  suhi-c<picnt  miuendiziUiou  to  nitrates  ai-e  assisted  to  maintain  tlu'"^ 
vitality.  The  intennittcut  princess  is  superior  to  the  contiuiKm."  i" 
that  nitrification  procecMls  more  stningly,  the  organic  matter  is,  then- 
fore,  more  completely  removed,  and  the  oiYlinary  bacteria  do  ai>l  j^"''' 
vive  so  long  in  aenitiil  sand  ;  but,  on  the  tttlier  haial,  it  is  inferior** 
tlmt»  being  so  mnt*h  out  of  active  nse»  the  main  plant  nc*cds  to  be 
much  the  larger  fur  the  accom]ilishnient  of  a  given  amount  of  wof 
As  a  matter  of  fact,  however,  all  siind  filtci*s  are  at  one  time  or  anott 
intcrniittent,  since  ea(*h  time  a  IkhI  is  serajMHl  the  water  is  drained  jii« 
and  the  sj>ace  formerly  occupic<l  hy  it  is  then  fill<:^l  wnth  air.     Scmictim 
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i  Is  pmpose<l  t<»  jviit  thf*  wiit<^r  tlirouijli  a  prcw-o.^s  of  ilnnblo  filtnitirni^ 
that  is,  t4j  puivs  the  filtrate  on  to  another  Wh\  for  still  furthiT  piinfix^ntkin. 
But  if  the  first  filtrati<jn  hiis  bi^en  carneil  out  projierly,  the  tiltrate  will 
have  biH'n  flejirtvefl  <»f  all  the  materials  ne<x»ssar}*  f<ir  the  formation  of 
the  vvi\\  tiltirin^  ,suHaee  iin  the  seeoiul  IjeiL  Thus  the  passii^^  of  the 
water  tliroujrh  a  seeond  (iUer  wnyhl  Ite  nnieh  in  tlie  nature  of  a  luere 
fiirni,  for  it  would  }Kis,s  prarti rally  unehaii^tHl. 

vSand  filtnitioii,  \\\wn  jimperly  managed,  has  proved  it^^elf  so  efficient 
that  the  nnmljer  of  eitie,'^  and  towns  nuking  use  of  it  is  growing  almost 
daily.  Altliongh  prott^etiou  of  a  .sii[>ply  at  its  snuree  may  be  prefer- 
alile  to  pollution  foUowe*!  by  sand  filtration,  it  is  not  always  sfj  trust- 
worthy,  sinee  p(»llutinn  may  creep  in  by  aecident  at  any  time  in  the 
\mi\i  giiardiil  supplies.  The  ideal  t*ourse  is  protection  at  the  source^ 
folIowtMl  l>y  filtration  Ijefoix*  distribution.  This  is  tlie  met  1 1<  id  ijow 
adotittnl  iiv  the  authfirities  <if  a  number  of  cities  iu  Euro]K\ 

« Mechamcal  FUtration/* — In  some  places,  jiartieularty  in  tlie 
United  States^  tlie  water  supply  in  ti-ciiteti  in  what  are  known  as 
mechaniwd  filters,  of  which  there  are  a  number  of  varieties,  all  based 
on  a  common  principle.  Su(4i  a  niaclnne  consists  chiefly  tif  an  \nm 
or  wiMHlen  cylinder  tilliHl  with  rather  coarse  san<l  or  crnshiHl  ijuartz, 
througli  which  tljc  water  passes  by  gnivity  or  is  driven  imder  pi-essure 
at  a  much  faster  rate — from  50  to  150  times  faster  tliau  it  mo%'es  in  u 
IkxI,  To  take  the  place  of  the  si'diment  layer  which  forms  in  the  latter, 
an  artificial  film  is  produced  l)y  the  use  of  alum  as  a  ctnignlant.  This 
is  formeil  tpiickly  and  s^'rves  the  ssune  purpose,  though  not  with  the 
saftie  tli(*roujj^hntfSs.  The  filter  is  called  meehnnwd  only  be<*iuise  j>ower 
ami  mechanical  devices  are  empluyed  in  regulating  thi*  rate,  jire^sin**', 
the  application  tA'^  tin/  ahun  si^lutirui^  and  the  raking  and  shakijig  of  the 
8ajid  in  the  process  of  cleaning,  which  process  it  is  ucccssjiry  to  cany 
out  at  short  intt^rvals.  fnstea*!  of  removing  the  top  layer,  the  wlir»le 
body  of  sand  is  thoroughly  agitate*!  and  washed.  FiltercHl  water  is 
pum|:>eil  through  from  below  for  five  or  ten  minutes,  and  the  sand  layer 
is  agitat4'd  by  re vi living  rakes  or  by  compressed  air  introduced  from 
l>elow.  Tlie  jiroi'ess  '%:<  not  suited  to  all  water  supplies,  but  for  the 
highly  Hilortnl  and  turbid  watc^rs  so  common  in  the  ;S>uth  and  West  it 
is  jiartieularly  well  adapted,  and  is  cheaper,  more  efficient,  and  more 
easily  mauagnl  than  filtration  thi'ough  IkhJs  of  san<l.  With  eareful  man- 
agenn-nt,  upward  of  1)1*  ]>er  cent,  i)i^  fiactcria  are  rcmo\"ed. 

Destructioii  of  hXgtt, 

For  the  destruction  of  overgrowths  of  algje,  Moore  and  Kellerman  ^ 
recommend  the  use  of  copjier  sulphate  in  extreme  dilution  (about  1  part 
of  the  crystals  to  4  or  5  millions  of  water).  In  tlie  practical  appli- 
cation of  this  agent  to  ponds  or  reservoirs,  the  crystals  are  plaee<.l  in 
gunny  sacks,  which  are  then  drawn  through  the  water  by  means  of 
row-boats,  which  traverse  the  area  iu  concentric  lines  from  25  to  40  feet 
'  U.  S,  DepartmeQt  of  Agricalture,  Bureau  of  Plant  Industry,  BiiUetm  64- 
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apart.  The  process  has  been  tried  in  varioas  places  widi 
varying  from  complete  success  to  utter  failure.  In  some  in8tanoes,i| 
destruction  of  one  species  of  algse  has  been  followed  by  overgroifc 
of  equally  objectionable  and  more  hardy  forms.  The  assertaondrii 
the  copper  is  quickly  precipitated  is  disputed  by  many  who  have  pwi 
the  process  a  trial,  and  the  claim  that  pathogenic  bacteria  are  destro^ 
with  the  algae  appears  to  have  little,  if  anything,  to  support  it. 

Removal  of  Hardness. 

On  account  of  the  enormous  waste  of  soap  as  well  as  loss  of  time 
which  the  use  of  hard  waters  in  washing  entails,  and  of  the  injury  to 
which  boilers  and  hot-water  pipes  are  subject  from  their  action,  it  oftm 
becomes  necessary*  to  apply  some  remedy  whereby  the  degree  of  hard- 
ness may  be  lessened.  This  may  be  accomplished  by  the  aid  of  heat 
or  by  the  addition  of  chemicals.  Boiling,  as  we  have  seen,  drives  off 
the  contained  carbon  dioxide  and  causes  precipitation  of  the  carbonata 
which  have  been  held  in  solution  by  this  agent,  but  it  has  no  effied 
on  the  salts  which  cause  the  permanent  hardness.  For  use  on  a  lai]p 
scale  for  public  supplies,  this  means  is  hardly  applicable,  on  account 
of  the  cost  of  plant  and  of  fuel ;  but  for  domestic  purposes  the  cost 
is  w^mparatively  slight,  in  tliat  the  fuel  necessary  in  cooking  may  be 
utilized  coiucideutly  for  the  purpose  of  heating  water.  For  the  chemical 
treatment  of  hard  waters,  the  first  process  devised  was  that  of  ClaA, 
patented  in  1 841 .  This  process  is  based  ujx)n  the  affinity  of  caustic  lime 
for  carbon  dioxide,  with  which  it  forms  the  practically  insoluble  carbonate. 

On  the  addition  of  lime  water  to  water  containing  chalk  and  mag- 
nesium carbonate  \\AA  in  solution  bv  carbon  dioxide,  the  reaction  occui*, 
and  a  double  prwipitation  of  the  C4irbonates  prt»sent  and  of  that  formed 
is  brought  about.  The  process  is  ven^  economicjd  so  far  as  cost  oi 
material  is  concerned,  in  tliat  a  few  cents'  worth  of  lime  will  remove  an 
amount  of  hardness  whicli  will  decompose  many  dollars'  worth  of  soap. 
Lime  water,  however,  does  not  affect  the  chlorides  and  sulphates,  and 
hence,  like  hoilin*;,  nnlnees  only  tlie  tem|X)rarv  hardness.  For  the 
employment  of  this  process  on  a  large  scale,  various  forms  of  ap|)aratu.s 
have  been  invented,  eonsistin^  of  chambers,  or  tiuiks,  in  which  the 
lime  is  niix(Hl  with  water  and  from  which  the  mixture  passes  into  (»tlier 
large  receptacles,  wherein  it  meets  the  water  to  be  treated.  Then<v, 
acc(»nlin^  to  the  nature  of  the  a]>])aratns,  the  water  passes  on  to  settling 
tanks  or  to  mechanical  lilt^M's,  where  se]mration  of  the  precipitate  i* 
eoni]>leted.  The  larjr^'-^t  ]>lant  of  this  kind  in  the  world  is  located  at 
Southanij)ton,  En^hin<l,  where  2,000,000  galhms  of  water  are  treated 
daily  at  what  may  well  he  reixanled  as  an  almost  insignititrant  coet. 
The  building  in  which  it  is  installed  covers  less  than 'a  seventh  of  an 
acre,  and  is  sufficiently  large  to  acconmiodate  additional  apparatus 
wlierei)y  its  workinir  caj)acity  may  he  increased  by  half.  Whatever  th^ 
forms  of  apj>aratus  enij)loy(Ml,  the  procos  must  be  carefully  super\'isc^l» 
and  the  amount  of  lime  adde<l  must  he  constiiutly  regulated  ;  for  if  t*'*^ 
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little  is  etiiployed,  the  ftill  extent  nf  |Kissible  softt'iiiiig  Is  imt  reached, 
while  with  too  niiieh,  the  water  is  iimde  alkaline  aiirl  the  rarlmnate  of 
inaguesiuni  it?  retained. 

Caustic  sinki  tuay  !jt^  us*jd  tVir  softening  waters  containing:  eiirl>on 
dioxide  iind  the  salts  causing;  permanent  hardness.  Added  in  j>r"iRT 
union nt  ti>  ef>nd>ine  with  all  of  the  free  ciirhnn  dittxiilci  it  forms  enr- 
iMjnate  of  sodium,  whi(4i,  in  its  turn,  attacks  anil  deetin»i>oses  the  other 
salts  and  causes  their  precipitutiou.  Siwliuni  carbonate  itself  may  be 
adde<l  in  the  absence  of  free  carbon  dioxide  ta  brintr  about  the  satnc 
result.  In  snuie  pnxvsses  for  softening  water,  both  lime  and  cimstie 
s(Mla  or  sorliuin  ^-arhonatc  are  employed,  the  object  being  the  reduction 
of  both  temporar}^  and  pemuanent  hartlnesH* 


Soi 


fl-V 


Removal  of  Iron. 

►ntaiu  iron  in  such  ai 


f  be  obje 


jeetton- 
able,  Ixith  tin  aeeonnt  of  its  inilnenee  on  the  system  and  bceausf^  of  its 
prodnction  of  stains  cki  linen  and  other  textiles  in  the  laundry.  There 
are  two  principal  metluxls  of  removing  it,  Ix^th  of  which  depend  njwm 
the  conversion  of  the  ferrous  comjxamds  into  the  ferric  form,  with  <'on- 
?^e^^uent  separation  as  a  preeipitate.  These  aiv  filtration  and  aeration. 
Filtration  may  be  etindu<'ted  through  sand  or  coke  or  animal  charcoal, 
and  %vith  either  material  tlie  iron  in  sf>lution  is  exposetl  to  the  ai*ti**n  of 
;iir  in  the  interstices  ami  beconR^s  nxidizetl  tu  the  sestpiiiixitle,  which  is 
left  on  the  tiltering  materiah  If  the  air  supply  is  iu.-^nffieient.  and  if 
there  is  nuich  organic*  mtittcr  jircseiit  in  the  water,  the  sesqnioxide  may 
lie  reduced  to  tiie  fern  mis  tbrm  and  again  pass  into  solutitm.  When 
ground-water  containing  less  tlian  *A  parts  of  inm  (ler  l,00(J,nf^O  is  ex- 
posfHl  in  large  volumes  to  air,  the  iron  will  settle  c»nt  almost  completely 
within  a  tlay  or  a  day  and  a  haHl 

Auotlier  nictlnKl  of  removal  by  elicmicid  treatmeiU  involves  the  mm* 
of  ferri<'  i-hloride  and  nujstic  lime  in  the  projmrtinii  of  1  and  o  to  1<> 
grams  respectively  to  each  100  liters  of  water.  By  this,  the  **  Kronke  ** 
method,  all  the  iron  <^an  be  renii»ved,  but  it  ntM-essitates  the  use  fif  a 
mixing  tank,  eonstaJit  attention,  and  eventual  hltmtion  for  the 
removal  of  the  precipi tilted  iron. 

Action  of  Water  on  Lead  and  Other  Metals* 

Action  on  Lead. — Tlie  ({uestion  as  to  the  best  material  for  house- 
mains  and  distrilmting  pi|K\s  is  always  an  interesting  one,  and  never 
more  so  than  when  a  considenilile  numl>er  of  pei'sons  in  a  commnnity 
iK^giii  to  sliow  svmptimis  of  Imd-poisoning.  and  evidence  is  jiresenti^l 
which  incriminati  s  tlie  water  snp[>ly,  Aside  troni  the  umtter  of  cost, 
tlie  advantage  of  using  lead  pipes  lies  in  the  cfmiparative  ease  with 
which  lead  is  worked,  since  it  nuiy  be  bent  in  any  necessary  extent, 
and  thus  may  l»e  Httt^l  to  all  manner  of  irregnlarities  of  (construction 
without  the  nii'd  of  th(^  fre(]U('nt  cntting,  thread-making,  and  conpling, 
which  the  use  of  intlexilde  materinl  invt^ves. 
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All  t*rtlii)an^  waters  have  a  gix'ater  or  lej-stT  ti'nilencv  to  utUick  \mi^ 
aeronlinjr  to  iliu  mature  and  annniiit  of  tlie  ^mK^^tiiiHH*^  held  in  r<4utiiJ 
The  foninnmly  ai'n')jti'd  st^itomeiit,  that  pare  .*(»tlt  watvr  is  jmme  to  ilJ 
tat'k  Ifjitl,  and  that  hard  waters  tend  tt>  |>rotet*t  it  by  formiug  incn 
tuma  over  the  exiHisetl  i>urfac*i%  is  true  only  in  part,  for  some  very ' 
Hoft  waters  exert  only  wry  i^light  action,  while  some  very  hani  om>i 
witli  unusual  intensity. 

Waters   containing   vmy  suiiJl    aniount.s    of    orgiiiiie    and   nun 
matters  aet  or  iu>t,  aecoi-ding  as  they  contain  much  or  little  di?i:i^iilvc( 
oxy^^u  or  earlnui  tli(*xide,  or  lK>th, 

A  eheuiieally   pure   wattT  would   jirolialdy  exert   no  aetion  whatev^ 
iui  eheuiieally  |iure  h'a<l,  hut  cHjinnnudy  neither  the  one  salistancT  m 
the  other  is  seen  in  suefi  a  state  of  purity,     OnliDar>'  distille^l  wata 
h(»wever,  which  is  a  Jie-arer  api>roach  to  alisolute  purity  than  any  ol' 
natural  water  can  he,  will,  nmler  eertain  ecunlitions,  aet  very  eorro^ivd 
the  ennditiniis  being  the  [U'esenee  of  the  al>ove-nieutinne<l  grises.     It) 
held  generally  that  either  oxygen  or  carbon  dioxide  alone   in  water  f 
but  little  inrtueuce,  but  timt  the  two  together  net  with  varying  inti 
sity  up  to  a  eertain  point,  dirtK^tly  proportieuiate  to  the  amount  of  i 
bou    dioxide.       This    belief',    based    iui    ex|xriniental    observation?^ 
Miiller/   was   stren^tlu'UtH.1   I  a*  I>rs.  Antony  and    Iknielli/  wlm  jnuri 
that  the  higiiest  results  in  lead  corrosion  were  obtained   by  the  u^e  o( 
aerate*!  water  charg(.'d  with  earbcui  dioxide.      Investigating  the  plnmtn*- 
i*olvent  projw'rty  uf  a  jiarticnlar  water,  A  Liel>ri(*h  "*  eanie  to  tliv      ^ 
conehisinn  :  that  the  sinudtanf^ms   presence  of  air  and  earbnii  Ai 
favors  action^  while  eitlier  alone  has  no  ]K)wer.      Recently,  ho^^ev^^,  a 
very  extensive  inf|uirv  into   the  subject  of  metallic  (^untiiraination  »»J' 
water  supplier  has   been   c^nulueted  by  Mr.  H.  \\\  (/lark,*  chemist  of 
the  State  IVnird  nf  lleallh  <if  Massaelaisetts,  wlit»sr  results  indicate tImt 
oxygen  is  t lie  more  actively  corrosive,  and  that  either  gas  can  aet  aloin'. 
He  employed  distilled  water,  freed  in  the  iirst  place  as  completely  as 
possible  from   these  and  all   irther  gasc^s^  and    then   inipregnattd  witli 
known  auiounts  ol'  either  or  bi*th.     Clefin   briglit  lead    pi|M*  in  it|M,il 
atruumts  was  placed    iu   half-gallon  Inittles  filknl  with  wnter  euntriiniiig 
the  gsises  in  the  projxu'tifuis  stateil  below,  then  seak^l  and  >ct  aside iiMi 
teniperature  of  OH^  F.  for  one  week,  at    the   end   of  wbidi  time  the 
amount  of  lead  taken  u|j  was  determined.      The   results  are  .hIiowh  m 
tlje  iullowiug  table  : 


Neu 


Oiucti  prMCmi, 


Amount  drtt«diaMivp 

(fMtrtt  per  m,(i^h 


Oxygen  til  sittornrinn 

Carhiii  dioxifk'  4  ^mrry  |»er  100,000 - 

Cjirli^in  dtdjcide  20  ^ciris  pot  l(K»,0O0 

!  Oxvpen  iV  'jf  s^tn ration,  CO,  4  i«irl»  per  1(X),0(W) 


2,4100 

0,8935 
0,08*11 


^  J<>nrnal  fiir  finikliHtlie  CliLMiiit'.  Si*1'H*s  2,  'M\  p»  iil7» 
^  <i;ai'T(a  rhifuini  italtiina,  Jan.  21,  1890,  p.  275. 
'  Zeil^chrift  Oir  anpewimdu-  rhfmiu,  IHUi^  p,  703, 
*  Annual  Kt*iM.rl  fur  1S9H,  p.  r>41, 
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A  speoinu'n  of  U^lhI  in  a  1  Kittle  ctintiuiiing  water  frrmi  whieli  the 
iixygcii  hiid  I  urn  lioiletl  imt  its  tNinipl(*tc4y  us  pos^ibU',  luul  the  <'uHmhi 
dioxide  removirl  hy  hiiriuni  hydnitc^  was  kt^[>t  at  82°  F.  for  a  wrek  iin- 
chaiif^tth  At  thi'  end  ut' the  sueuiid  week,  slight  aetion  wm^  diseemihle 
in  spots  ou  the  surface,  and  tiimlysiis  sliowed  (L(J774  part  per  100,0(K) 
of  water.  A  speeinieii  of  ordinary  dislilled  water  in  a  hottle  with  a 
small  air  space  in  the  njijjer  |uirt  aitaeknl  a  .similar  pieee  of  leatl  pi{>e 
to  such  an  exti^ivt  lliat  it  yiehleil  10.5S  parts  per  lOO^UOO.  In  tliisease, 
the  tetiqjeratnre  at  wliit^i  tlie  water  was  ke[>t  was  81*^  F, 

Inasmuch  as  all  drinking-water  coutaias  more  or  les^s  air  in  s4)lutiou, 
oxytrcn  is  always  ]>resent  in  some  amtaint,  and  sinc^i:;^  fnrthcrnmrt ,  ear- 
hr»n  dioxide  is  aln*  i^encrally  pres+vnt,  it  folk)ws  that,  nntess  snl»stanees 
vdth  a  de^'idedly  deterrent  inHuenee  are  present,  mtjre  ov  less  ec»rrosion 
is  to  he  ex|RH^twl.  Numerous  instances  of  chronie  l*nul-poisonin^ 
due  to  water  rieh  in  mrlMHi  dioxide  are  on  reeoitt.  At  Stunmerfekl/ 
for  instan<'e,  where,  in  IXHS,  nuaierous  aises  o*eurre<lj  it  was  found 
tliat  tlie  very  [lurc  water,  rieli  in  thU  ^is,  di.^^ih'ed  leatl  to  tlie  extent 
of  about  6  inilliirmins  pr^r  lit«.^r.  At  Ijowell,  Mas,s4iehusett.s,  nnmenais 
csises  were*  obs<*rved  (hiring  the  years  1898  and  18111^,  and  it  wiis  di.s- 
eovereil  tliat  one  souree  of  su[»ply  was  rich  in  dissolved  oxygen,  and 
timt  the  other,  whieli  ijiuisini  hy  far  the  great-er  number  i>f  csines,  was 
rich  in  esirbon  dioxide. 

Profcsiior  A.  W.  HoHhiatni  helieveH  that  a  mo<lerate  amoimt  f*f  t-ar- 
bou  di(»xide  lessens  ei>rnision  by  forming  a  protective  coating  of  ear- 
l>onate,  l*ut  that  an  (^xcess  of  the  gas  dissolves  it  as  l>iearliOuatc.  The 
gas  is  stiid  also  to  have  no  action  on  letid  eoat4Ml  with  sidMixidc, 

Water  containing  free  acid  of  any  kind  attacks  lead.  Sulphuric 
acid,  which  i^  supposed  erronLHjusly  to  form  an  al»s*)lntely  insoluble 
r*< impound,  the  sulphate  of  lead,  '^  |Mrticidarly  active.  In  thetn^hnaiy 
rhemical  sense,  snlphate  of  k^id  is  insoluble  in  water ;  bat  in  the  hy- 
gienic sense,  it  i^  sufficiently  soluble  to  be  capible  of  pro<:luciug  serious 
symptoms*  This  aeid  is  not  an  uncommon  cfinstitnent  c>f  wat^^r  in 
minute  amounts,  esptH'ially  iu  the  vicinity  of  cities  and  large  towns, 
where  it  exists  in  the  titrnosphere  as  nn  itu purity  due  to  the  t^ombustion 
\i(  t^oid.  The  peat  acids  alsn  have  efmsideraldc  net  ion  on  lead,  but 
they  are  not  always  present  in  %\iiter8  from  peaty  deposits.  Some  very 
lirowu  waters  appcnu*  to  exert  but  slight  action,  while  others  are 
intensi'ly  eormsive.  The  peat  at'ids  are  due  supjmsedly  tu  the  growth 
of  certain  micro-org-anisms  foiujd  in  peaty  sculs,  fbr  a  neutrid  steJ'ili/eil 
decoction  of  peat  to  whi(*h  a  small  amount  ol'  iVi'sh  j)eat  is  adifinl  will 
in  a  short  time  develop  an  acid  reaction  and  ability  to  dissolve  h-ail. 
Liebrich  '  re|>orts  a  |M^aty  water  |MK>r  in  earl>ou  dioxide  nnd  carbonates 
which  took  up  30(1  pirts  of  h-ad  \ivr  1(NT^(N)0  over  night,  and  more 
when  caleinrn  (arbunate  was  added. 

Tlie  animoniiuu  cHuijMinnds  and  the'  nitrates  have  lieeu  supposetl 
commonly  to  have  a  umrketl  corrosive  ac»tion  on  lead.     That   this  su|>- 

*  Dent>4i  Ih'  Vi(  duljsihr+^'hrift  fur  ofTeiuliehe  fiej*tintlheilK|>tiegt%  HuppL  XXIV. 

*  Zeiti^rJlirift  fiii'  aiig^'waiiikf  Clieiuie,  18t)H,  jj,  7U«i, 
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po8itioD  is  correct,  has  been  proved  amply  by  Mr.  Clark's  res«rAes| 
but  intense  action  is  manifested  only  when  the  water  contaiDingtlieBl 
exposed  to  air. 

The  constituents  of  water  which  tend  to  bring  alK>ut  corrosion 
lead  are,  then,  carbon  dioxide,  oxygen,  ammonia,  nitrates,  and 
acids.  The  substances  which,  on  the  other  hand,  exert  a  pi 
action  include  chlorides,  carbonates,  and  silicates^  and,  probably,  d 
phates.  According  to  Crookes,  (Idling,  and  Tidy,  0.5  grain  of  silica 
the  imperial  giillon  is  sufficient  to  affi)rd  complete  protection  in  all  b 
exceptional  cases,  even  when  free  acids  are  present ;  but  certain 
containing  considerable  amounts  of  silica  are  known  to  be  corrnm 
to  a  decided  extent.  The  protection  due  to  silica  may  be  obtained  \ij 
allowing  the  water  to  flow  through  broken  flint,  flint  and  chalk, « 
limestone,  but  such  treatment  sometimes  has  the  undesirable  effect  of 
increasing  corrosive  power. 

Sodium  and  calcium  carbonates  are  verj'  efficient.  The  bicarbonak 
of  sodium  is  generally  present  in  those  verj^  soft  waters  which  have 
the  slightest  action  ;  calcium  carbonate  is  efficient  whether  or  not  caF 
bon  dioxide  Is  present  in  the  water  at  the  same  time.  Four  grains  |wr 
giillon  are  generally  considered  to  be  quite  sufficient  to  afford  prot€cti«i 
under  most  circumstiinces.  As  an  illustration  of  the  influence  of  thi 
agent,  may  be  cited  the  fact  that  the  verj'  pure  water  with  which  Gb- 
gow  is  supplied  has,  before  its  entrance  to  the  aqueduct,  a  marked 
plumbo-solvent  ))roperty,  but  loses  it  entirely  in  its  passage  to  the  citj, 
owing  to  contact  with  this  substanw.  In  1887,  the  water  of  Dessao 
was  treated  successfully  with  calcium  <'arlH)nate.  Sodium  earlxmate  w 
even  more  eflieient  than  the  calcium  salt,  but  is  not  always  e<jual  to  the 
bicarbonate.  At  Eniden,  in  1897,  treatment  with  the  latter  was  siK^ 
eessful  after  the  earl)onate  had  failwl. 

Inasmuch  as  the  influences  for  and  against  cormsiou  arc  numerous 
and  eonttietin^,  the  surest  method  of  determining  whether  a  pven 
water  will  attack  lead  is  to  ascertain  the  truth  by  actual  exj>eriment. 

Repirdless  of  the  character  (»f  a  water  itself,  it  may  Ix*  said  that  \\^ 
action  is  greater  if  the  lead  is  in  contact  with  other  metals,  so  that  a 
galvanic  eonj>le  is  formed.  Such  may  occur,  for  instance,  when  a  tin- 
lined  lead  pipe  is  bent  so  that  the  lining  is  fractured.  Then  thet^o 
metals  being  in  contiict  with  each  other  in  a  more  or  less  saline  liquid, 
the  lead,  being  the  more  easily  oxidized,  is  dissolvt^l.  Again,  the  tin 
lining  may  deveh^j)  weak  s|X)ts  which  may  become  corrodeil,  and  a? 
soon  as  the  lead  easing  is  n^aehed,  gjilvanic  action  becomes  establi^^heil. 
Lead  j)i])e  containing  a  small  jKieentage of  tin  will  yield  more  lead  to 
water  than  will  ordinary  Icjid  pijH*,  espmally  if  free  cjirbon  dioxide  i* 
presiMit. 

A  new  lead  snrfact*  will  yield  more  than  an  old  one,  as  is  shown  by 
Professor  Ma>on,  who  found  that  the  simic  water,  stored  for  three  and 
a  half  months  in  contact  with  new  and  old  lead,  yielded  58.10  and  3.65 
parts  per  1,000,000,  resptK-tively. 
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Hot  water  U  move  fitrrr^sive  tliiin  rold  ;  and  in  the  case  r>f  either,  the 
solvent  jM>\wr  is  iurrcastil  by  [>ressure* 

The  rei^ult  \i(  the  «*oiitiiunms  ingestifMi  i\^  iniiuite  iminuiits  of  lead 
may  iie  nil  <>r  the  [mKhietioii  of  mure  or  less  iiiurketl  tnaoifasfcatiuns 
of  chmnic  leiid-|ioij*(»iniig.  Fn»m  the  fkct  that  lesid-pipe  is  in  very 
i^enend  iLse  \\\v  lumse-iiiaiiis  and  dii^trihiiting  pijMis,  and  that  elinmio 
lead-jM)ls<:)nin}LT  is,  eoniparatively  speakings  a  not  very  eoninion  trouble, 
it  .ml^^ius  reustjnahle  to  ei>iieliide  that  with  the  ^rrait  majority  of  ]Kji>^on8 
tlie  mrtal  is  eliminated  with  suttieient  mpidity  t*i  prevent  aeeumulation 
and  euranlative  action.  In  Mtussaehii setts,  notwitlistiinding  the  entjr* 
nit  ins  use  of  lead  for  njr  vice- pi  pes,  in  but  few  cm  nn  mini  i  ties  has  there 
been  any  considerable  amonni  of  lead-jMn.soning  rep**rte<i,  and  in  all  of 
these  the  water-supply  eomes  from  driven  wells. 

()«^ttistoiially,  fatal  lead-jxnsoning  is  eausetl  In  one  sueh  ca,se, 
re[>orte<l  by  \ ,  Sc^meider/  the  water  Wius  very  soil  (hanlnens  L40)  and 
contained  0,95  milligram  nf  h^ad  per  liter.  After  three  months'  use 
of  the  water,  a  gii'l  of  seventeen  died  with  all  the  cliaracteristic  symp- 
toms of  lead-piisoning*  Analysis  of  the  orgtins  yielde<l  lead  to  the 
<?xtcnt  of  7.5  milligrams  ^nnn  the  < esophagus,  stomaeli,  and  dnmlenum, 
and  24.7  milligmms  fnmi  the  kidneys,  liver,  and  spleen. 

Action  OE  Iron.— ^Corrosifni  of  iron  is  favoretl  by  the  pres4'nre  of 
nitrat^^s,  nitrites,  ammyniurn  eom]K>nnds,  mineral  and  (organic  acids, 
ehloride  of  magnesium,  oxygen,  an<l  crarbcm  dioxide.  The  latter  \a 
e:^t>(X'i:iny  active,  as  has  bixni  shown  by  Pndessor  Leffniann  and  by  R. 
Petit.  The  hitter,'  investig^.itiug  the  caiLse  of  the  destrnctive  a<'tiuu  of 
water  ric*h  in  this  gas  antl  ininr  in  lime,  plaee<l  a  certain  amount  of  iron 
filings  in  each  of  three  vessels,  one  of  which  eontaincMl  onlinary  water, 
the  seeond  contained  water  thnnigh  which  a  fstreara  of  earbon  dioxide 
was  condnctc4l  fVir  several  minutes,  and  the  third  wsis  fillenl  with  wat-er 
to  vvhieh  snlFicient  caustic  lim*'  had  l;>een  added  to  bind  the  dissolve*] 
< ;  J  r  ho  n  d  io  x  i  i  Ic  a  nd  to  gi  v  e  a  n  a  1  k  a  1  i  n  e  rcae  t  io  n  to  \  tl  le  nol  [>1 1 1 1 1  a  I  e  i  n ,  A  f ter 
a  time,  the  iron  in  ciich  spe<'inien  was  determineilj  with  the  following 
results,  which  prove  the  great  influence  of  the  gas  : 

1,  *11'>  itiilli^rani^  fj*T  liti^r. 

2,  SOOJJil  niilignitii!*  ptT  lit<;r. 

3,  Onljr  imces. 

Both  cast-iron  and  wronght-iron  |>i]ies  may  he  acted  upon  rapidly 
unless  their  inner  surfaces  are  (*rvven^l  by  some  protective  coating,  such 
US  a^phalttmij  and  even  then  at  the  joints  whert^  the  protecting  snrfaet 
is  not  continuous  or  l:>eeomes  detaehcil.  Some  surface-waters  form  a 
pn>tective  layer  of  vegetable  matter  on  the  surface  of  the  i>iiH\  and  this 
is  fur  more  efficient  than  artihcial  applications,  and  [x>ssesses  tlie  addi- 
tional merit  of  im|)arting  no  unpleasant  taste. 

Action  on  Zinc. — On  aeeonnt  of  the  action  4jf  water  on  plain  iron 
pi|H's,  pipo  of  gidvanize^l  iron,  that  is,  iron  eoatefl  witliin  and  without 
with  metallic  zinc,  havt*  Ir^'U   rei'ommcuded.     This  lining,  however,  \6 


*  (ieKunLHieit^-lnpieniieur,  Msiivh  31,  1897. 
'  Coinptua  rt-mJu.H,  lS'.Kj,  p.  Vll'S. 
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cornitled  very  ea.'^iljj  i\H|KH'ially  if  tin*  water  miitains  nxygeu,  carbon 
dioxide,  ammoofa,  or  uitrntes,  and  the  water  is  made  milky  by  the 
oxi(]o  arid  rarlMHiate  in  siis]x'ii.'*iriiL 

Wiiotlier  ur  nut  tlu'  aiuv  c'(>m|>nniids  <KTnrriiJ|^  in  watt^r  can  La^  pru- 
duc*tivf  iii'  liarni,  U  a  }Mnnt  i>n  whidi  autboritit^s  differ*  But  at  leai^t  it 
aiiL^t  be  adinittal  tliat  thov  may  (iiuse  ehroiiie  and  ob.^tiiiatc  conMiim- 
tiun,  even  wh*:n  presi*nt  ^tnly  in  small  amounts,  and  tliat  zinc  i.s  not  a 
inimulativi*  pason.  l>r.  John  ('.  Thresh  '  mentions  a  4'ase  ofolistinate 
e*uisti|>ation  in  a  eliil<l,  dne  to  thr  nse  of  drinkintr- water  whieli  jwi^^e*! 
thnaigh  a  half  mile  of  giilvaniztHi  pipe.  Koliet'  followid  cliseoutinu- 
an(*e  t*f  the  su|*ply. 

(limlettv^  has  n^porttMl  an  exN-nsive  *nitl>reak  of  piis*>ning  attribntecl 
to  water  storrd  in  g-alvaniznl  ii'on  tanks.  Of  'Mj  eonstnurrs,  4**^*  were 
attaeked  with  giLstro- intestinal  tronhles,  the  sy mptfuns  presented  lieing 
eolie,  diarrhfpa  witli  consequent  anfeniia  and  eniaeiation,  and  a  gpurious 
kind  (if  dysentery.  Analysis  of  the  water  iwealtHl  Iai*^e  amonnti?  tif 
zine. 

Aualy^ij!;  of  water  drawn  from  gjdvanizinl  pipes  often  ha.s  revealt  tl 
very  large  amonnts  of  zine.  Messrs.  J.  A.  and  E.  \\\  Voeleker-^ 
ret^ord  an  interesting  case  in  w^hieh  the  liot-water  pipc^^  of  a  hou.se 
supplitnl  by  water  piptxl  a  half  mile  through  gidvanized  imn,  were 
bloektHl  eompletely  by  a  de|M>sit  of  zinc.  The  water  wa^  veiy  pure 
and  soft,  and  eiaitainwl  bnt  *>  gniins  of  t^rtal  solid,<  j>er  gidlon.  The 
dejxisit  eontained  t>4.«i2  per  eeut.  of  Imsie  carbonate  and  21*06  }>er 
cent,  ni'  oxitk*  of  zinc. 

Zine  is  Hanetime^s  a  nornud  e*instituent  of  water.  Myelins*  found 
about  0,0  gnuu  \wv  g^dlon  in  the  water  supply  of  Tntendoi-f,  nud 
Carl  T.  Morner^^  has  rej>orted  the  presence  of  0.0  lo  [lart  of  zinc  car- 
honate  jxt  l,O(H>jiK)0  in  the  water  of  a  well  near  l/psala.  This  well^ 
wliieh  was  aliont  tiiWu  feet  deep,  had  been  in  use  iV»r  ijhux'  tlian  a  yejir. 
Tlie  wati^r  was  sulunitted  ff>r  analysis  solely  t»u  aeeount  of  its  jKvuliar 
taste,  and  heyond  the  fact  that  it  yielde<J  zine,  the  source  of  which 
could  not  l>e  detemiinetb  the  rt*sidts  of  the  analvBin  were  very  favor- 
able. No  nn|)leasant  effei'ts  had  been  noted  amon^  those  who  ugecl 
the  water.  Two  springs  in  Missouri,  accord iug  to  Hillel>rand,*  yield 
mneii  larger  amounts.  In  hoth,  the  zinc  exists  in  the  form  of  8nl- 
pliate.  The  yield  auiuuuts  to  120.0  and  i;52.4  parts  |)cr  1,UU,00U, 
res|x*etivcly. 

Action  on  Tin, — -It  is  snpf>ostnl  commonly  that  tin  is  unaffwted 
by  water,  but  such  is  far  from  being  the  case.  Tin  is  attacktxl  by 
water  to  a  eonsidentlile  extent,  although  not  so  retuiily  as  the  other 
metals  mentionetl  ;  l>ut  the  coinpouuds  fornu^l  are,  ho  far  as  we  know^ 
incapable  of  causing  the  slightest  injury  to  the  system^  and  this  metal 

^  WattT  iitid  Wu ter  Supplies^,  Ijcmdon,  I8f>6. 
'  Bvhmh  Mpclicjil  Journal,  8ept.  7»  liKU. 
>  The  .\nttlvHt,  July,  mm. 

*  l>»iHem,  I  v.,  p*  ol. 

*  Upisaia  Liikarefcirt^niiij^  Forliundlinsraiv  l^tlft.  Vol.  Ill, 

*  UniUsl  States  Get»lcjgiifil  Survey,  Bulletin  No.  13. 
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is  recmiin Raided  highly  as  n  linin^^  tVir  inui  }>i|Ms,     Tt*^  eoFt  alone  pre- 
veiit.s  it  ihnn  su|iplaiiting  lead  fcir  hoiisi-ioaiiis  ami  diKtributiug  pijH^.s, 


Water  and  Disease. 

The  u>v  I  if  inijmre  watvr  lor  drinking  juid  otlior  ilomcsti*'  |nir|Mj,se,H 
uViiy  111*  a  ilirt^ct  riiuse  of  di^4t:»a^t^  and  such  water  is  tiUji]HisL'd  also  U* 
aet  ii[Mjti  the  system  in  sueh  a  way  as  ti>  lf>wer  tlie  r<\sistanee  of  the 
IhhIv  to  thi'  iN'tiuij  nf  iidtrtiuns  inattors ;  Imt  it  sluudd  f)e  lK»i"iie  in 
mind  that  the  iiatnre  of  tlie  pcjlluting  ntaterial  is  of  far  greatt^r  iin|N>r* 
timee  than  its  mere  amount.  To  maintain  that  water  containing  any 
considerable  anionnt  f^f  »irginiie  mutter,  regsiRlless  of  its  character  anil 
soiirecj  will  tend  inevitably  to  jinKhicc  a  ^cn<'ml  impairniciit  of  health, 
is  a.s  great  an  error  as  to  underrate  the  danger  possible  to  inisc  from  a 
small  amount  <*f  speeitie  contamination.  It  is  cpiitc  as  im[rrobal>k%  for 
instanc*e,  that  the  amount  of  difssolvetl  vegetable  matter  nec'<^.ssiiry  to 
yield  albuminoid  anmionia  in  wliat  may  be  designated  **  crnisiderable  " 
amount  can  <|n  ;\m'  grwit  injury,  cvrti  when  (nniFtantly  ingestinb  as  that 
an  infusion  of  tea,  wliicli,  by  the  same  proci'ss  of  analysis,  would  yield 
results  which  wt>uhJ  l)e  startling  in  comjiarison,  eonid  of  itself  conduce 
to  the  de%'elopment  of  an  infet^tious  disease. 

Alarmists  may  nject  as  unsuitalile  iW  lionsebohl  pnr|K>se8  a  water 
containing  an  amount  of  vegetable  matter  suHKcient  to  give  a  vcHow- 
hrown  ei^lor,  and  atH'cpt  as  sutficiently  pure  another  containing  less 
organic  matter  and  less  mineml  nuiltcr,  but  with  it  tla*  nncnHnn-ganism!* 
of  infectious  diswisc.  They  go  to  the  extreme  of  ^^liyiug  that  organic 
matter  in  solntion  must**  lower  the  tone,"  and  sbordd,  therefinv,  l>e 
avoidetl,  and  if  askcn!  wliy  this  is  st»,  tail  backmi  *'genei-al  [»rineiples '* 
and  *^coranion  j^ense,**  uimn  which  so  mucli  illogical,  mjexplainahlc 
theory  i^  baseih  As  a  matter  of  fact,  ^ve  know  tliat  water  \v'bieh  is  in 
a  sense  impun-,  but  not  siKK^iheally  |»ol luted,  may  Imi  used  yvnr  in  and 
year  out  without  injury,  \Vc  know,  farther,  tliat  water  et»ntaining 
mueh  less  organic  niatter,  but  inteet*  d  with  bai^teria  of  ccrtairi  kinds,  is 
likely  to  cause  dist:*asc  in  at  lejist  a  projiortion  of  those  who  use  it  once, 
rieeasionally,  nr  halvitually.  We  know  also  that  a  water  once  s]>et*itic- 
ally  jMiHutcil  may»  under  similar  conditions,  be  jMillutcd  ag:iin,  and  in 
the  interval  may  be  of  gocKl  ipiality. 

AVe  know  that  water  eontainiug  hirgc  amonnt^s  of  dissolved  vege- 
table matter  in  [)roeess  of  dc*H»mp>sition  or  of  a  definitely  poij^onous 
character  nniy  prrKluee  disturbances  of  a  very  serious  nature;  that  an 
abnndanee  of  minule  water  plants,  as  alg*c,  au*t  animal  orininisms,  an 
infusoria,  may  jn^oiluee  ill  etfects  ;  that  <hH'omj>osing  animal  matters 
sf»metimes  yield  tiixic  snbstan4vs  of  great  jxjtency,  and  that  excessive 
minenil  matter  in  «nsjH^nsion  or  solution  is  not  w*ith(nit  its  deleterious* 
eflTccts. 

Therei'orc,  it  may  Ik*  laifl  do\\'n  as  a  genend  ruh%  regardless*  of  the 
fact  that  all  impurities  do  not  nwessarily  hnx-il  (Itsease  or  undermine 
the   health,  that   all    water   containing   or   likely  to   contain   domestie 
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sewage,  abundant  growtks  of  ininnte  vp^retable  and  animal  orgaQisms^ 
<lt'eomp<»sing  nuitk-r  of  animal  uri^ii^  dissi/lved  vegetable  matter  of  an 
inherently  toxie  nature  or  undergoing  deei^mposition,  or  excessive 
amounts  of  nunend  matter,  shotdd  not  lie  aeeeptefi  as  fit  for  human 
conwinnptioiK  Rspeeially  should  we  bear  in  mind  that  pc^luted  water 
whieh  is  ijuite  free  from  *Usease  orgtuii!?ms  and  toxie  matters  tc>-day 
may  eon  tain  them  in  alinndanee  tt)-morrow. 

Disorders  Connected  with  Mineral  Matter.— It  is  notieed  very 
commotdy  tliat  when  one  ehangi/i^  s^iahlenly  from  the  use  of  a  s*irt 
water  to  another  that  is  quite  hard,  tlien'  follows  a  temporary  disturl>- 
anee  of  the  funetions  ot  the  digestive  apfuiratus.  The  most  niarketl 
effect  is  usually  eonstipition  with  oeeasional  diarrhoea.  Loss  of  ap]>e* 
tite  and  sliglit  nause^i  are  not  uneommon.  The  effeets  are  due  tu  the 
influenee  of  the  siilt^  eiiusing  |K*rniauent  hardness.  Change  from  bard 
to  soft  water  'is  quite  as  likely  to  eause  unaetH-usUimed  ItMjsene'^s  of  the 
bowels  fnim  tlie  withdrawal  of  tliis  in  Hue  nee  on  the  intestinal  8ecn»- 
tions.  Just  he>w  mueh  of  any  one  of  tliese  salts  may  1k»  said  tr>  be  dis^- 
tinctly  injurioiLs  to  health  is  a  matter  of  doubt,  but  eommoiiiy  from  10 
to  15  ji4iitii  in  lODjtMJO  of  water  are  regar<lHl  as  undesimble.  It  has 
been  as«ert<.Mi  that  the  use  of  hard  watei'  is  one  of  the  ehief  eauses  of 
stone  in  the  bladder^  but  sueb  a  eonneetion  is  extremely  improlial)le. 
How  the  use  of  earbonate  and  stdphate  of  ealeium  ean  bring  about  a 
deposit  of  uri**  aeid,  or  of  oxalate  of  ealeium,  or  of  ]>hosjihates  in  the 
bhuhler,  ean  hardly  be  ex]»lained.  The  fact  also  that  stone  is  very 
common  in  some  distriet*;  where  water  is  soft,  and  rare  in  some  othei's 
where  it  is  haitl,  ^^nggest^  that  the  cmuse  is  to  Iw  looked  for  rather  in 
the  individual  himself — bis  focxl,  his  metabo!i.sm,  his  habits  of  lif<% 
and,  perhaps,  Iiereditary  prHJis|M'sition. 

SuspendiMJ  mineral  matter,  as  elay  and  marl,  will  often  eause  di^ir- 
rhcea  in  pi^rsons  not  habituated  to  its  ingestion,  and  not  infreijuently  in 
those  \\'\io  are. 

The  disease  most  eomnionly  t*onneekHl  with  mineral  matters  in  water 
is  goitre.  That  this  disease  may  be  [jriNluerd  by  itrioking- water,  vnu 
hanily  be  iloiilfted,  i*^>r  it  is  a  well-known  taet  that  in  Switzerland  and 
Fmnee,  for  instantx^,  tlieiv  are  w*^lls  whieli  yield  waters  wbieh  are  used 
successfully  for  the  int<Mitional  juTHluetion  of  the  diseasei  with  the  view 
to  esejipe  ifimpulsorv  military  serviee.  Tlie  enlargt^ment  is  not  neees- 
jsarily  a  jwrmaneiit  disiigurement  ;  disuse  nf  the  water  maybe  followeil 
by  disappearanee  of  the  swelling,  hut  oftentitnes  the  disease  thus  iuteii- 
tionally  acnpnivd  jwn'sists, 

Tlie  exeiting  eause  lias  been  attributed  to  the  piTsence  or  absence  of 
t^^rtain  mincn-al  siibstaiKvs,  but  tlie  wide  variety  of  the  supjxisiHl  agent^s 
is,  of  itself,  strong  evidenee  of  tin*  |Kior  franidati<»n  upon  wlneh  the 
mineral  mattej'  tlieory  rests.  It  is  notteeil,  for  instance,  that  in  some 
districts  where  the  diseas*'  is  (^s|H'eially  prevalent,  the  soil  is  largely 
magnesian  limestone,  and  that,  as  might  l>e  ^uppostnl,  the  gromid-water 
is  rich  ill  lime  and  magnesium  salts,  TheretVuv,  it  is  reason tj^l,  mag- 
nesian  limestone  must  be  the  eaus<.» ;  but  there  ai*e  many  such  distriet.s 
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whore  goitre  5?;  tinknnu  ii.  More  tbuu  that,  the  disease  is  endemic  in 
iiunie  ijuarter8  where  the  water  is  Hi>tV  aiul  ahiiost  tree  from  lime  aud 
rinagiiesium  salts,  Agsnn^  it  has  been  attributed  to  the  presenee  of  cier- 
tiiin  salts  of  iron,  but  this  theory  also  fMiuuot  bear  the  t^^st,  for  these 
may  Ik^  pi-eseut  where  ut*  gnitre  is  seen,  aud  may  be  absent  where  the 
diseast^  prev^ails,  Aliseiiee  o(  irnline  is  another  explanation  based  on 
notliing  wt>rthy  tjf  eitnleuee. 

The  most  probalile  i'tuise  is  now  believtMl  by  some  to  be  an  organism 
whieh  flonrisbes  iJi  the  water.  The  first  Ui  promulgate  this  th</ory 
were  Italian  oliser\*ers,  who,  in  iHiH),  reported  fai'ts  of  interest  l>eariug 
on  the  question,  Binee  wliieh  time,  other  observers,  jKirtienlarly  in  India^ 
have  contrilinted  farther  eviflenee  of  its  probable  truth. 

The  most  striking  i'uvts  have  l>een  presented  by  8urgei>n- Lieutenant 
K.  E.  Walters,'  whon-  dljservatinns  wei*e  pursued  in  a  distriet  in  India 
1^,000  feet  al>ove  si-a-levet,  witli  extremely  pjnnis  soil  iuul  a  water  suj*' 
ply  ct>ntainiiig  but  slight  amounts  of  organic  and  mineral  matter,  and 
but  minute  traees  ot*  iron.  The  inhabitants,  who  live  under  the  same 
eltmatie  euutlitions,  but  with  different  o(ra[>ati(*ns,  may  be  divided 
into  two  elasses  :  the  native  Bhntias  and  tlie  Setjoy  triM^ps  from  tlie 
nortliwest  prc^vinees.  The  former  are  carriers  and  eew^lies ;  they  are 
omni\v>roiis,  but,  hy  reason  of  jxiverty,  mostly  vegetarians.  Their 
chief  diseases  are  goitre,  syphilis,  aud  malaria.  The  teinpomry  inhal>- 
itants^  the  Sepoys,  are  all  vegetarians,  aud  are  a  heallhy  lot,  pnietieally 
free  from  syphilis,  and  living  under  exeellent  hygienic  eouditions.  They 
liad  been  in  the  district  twenty  nifinths,  Kxamination  of  l*iO  Bhntias 
showe<l  that  more  than  75  [kt  cent,  had  goitre  ;  nearly  70  jier  cent,  of 
those  over  twelve  years  of  age  were  afflicted.  Of  »\HQ  Sepoys  examim^l, 
'>4  |ier  cent,  had  gftitre.  The  Bhntias  say  that  their  goitres  incrwtse 
during  the  nduy  seasiui,  and  this  is  birne  out  by  the  out-patient  register 
and  regimental  admission  brwik  for  lK9o.  All  t!ie  British  r^ffiwrs,  too, 
Itad  suf!ere<l  from  eulargt^l  thyroids  <luring  flu*  preeediug  raiuy  stUHUi. 
Their  rlriu king- water  was  ji^tsH'd  through  a  Pasteur  tiller;  all  other 
water  used  was  taken  as  tea  or  stkIu.  Taking  up  the  seveml  conditi«ins 
whieh  have  Imm^'U  allegeil  as  the  cause  of  the  process,  he  shows  them 
to  be  not  at  tiitdt  in  tliis  particular  district.  Iron  was  pn*seut  in  the^ 
wj«t4'r  in  ordy  unmite  i|U{mtities,  aud  the  high<*st  di'gree  of  |M'rinauent 
lumlness  was  but  *l,o.  As  in  lime  as  ii  eause,  it  ap]U'ars  tliat  many  f»f 
the  Bhntias  witliont  goitres  are  great  witers  of  lime,  wliile  of  the  Sepoys, 
who  never  touch  it,  more  than  50  |xt  cent,  develojwxl  goitres  within 
twenty  mouths  after  arrival.  The  theiiry  that  the  disease  is  due  to 
carrying  heavy  Inads  up  and  dnwn  lulls,  might  satisty  in  the  ease  of 
the  Bhntias,  l»ul  not  in  that  of  the  Sepoys^  who,  though  not  carriers, 
yet  have  goitn^  Partlicr,  as  to  agt*,  it  appears  that  o.l  per  cent,  of 
the  children  luuler  twelve  had  no  goitres  after  living  there  all  their 
lives,  or  about  the  siuu*'  [len-eutage  as  d*'V*'lu|M'd  them  ar\)ong  tln^  St^pnys 
after  a  visit  *d'nidy  twenty  nuiuths.  He  l»elieves  tlie  disease  tc^  lie  due 
to  an  *irg*auisni  of  the  anueba  type,  with  a  selective  jxiwer  against  the 
*  BriUKb  McKliittl  Jonrritil,  Sepi»jmtier  11,  1897. 


371 


WA  TEK 


thyrtJid  or  it.a  sciTt'tion.      For  a  iiwiv  i\\v  system  opjx>se:5  tt,  an 
tinips    siieressfully  ;  but    when    tlit*    «iu>e   ovt^qxiwers  the  phsi 
rt^jiources  i>f  tlie  nystcini,  the  thyi\)id  eularges  in  the  effort  tij 
the  poison.      Under   thyroid   twdin^  {X\\i\   r>-jnrniin    tabloids  chilf)i 
ri'eords  show  ;i  wr«'kly  iliniiinitittii  of  a  qtuirter  to  hulf  a»  uirhinl 
I'ireuintereiiec   (tf  the  S<*j)oys*  iiH-ks,   Init    wlien   the  tresitinrnt 
the  jy:hiyd  a<;iiin  inerease:^  in  size.     That  is  to  say,  additioniil  rfc&wl 
jmwer  is  eijnferi\'<i  by  thyroid  tabh»ids,  whieh  ktvp  the  |>oi^in  im 
tu\i\  nllow  the  j^liind  to   reeover  its   normal   size  ;   but   on  withdnii» 
tile  aeees>ory  agt*nt,  there  is  <linniHshiHl  resistant^  and   then  a^^iiiii  I 
ijK^rease  in  size. 

Disorders  Connected  with  Organic  Pollution. — Onlinan-  v 
fcUile  matter  in  snsjx'usion  and  abundant  g^rowths  of  alga?  aud 
water  plants  sonietinies  eause  diarrlio-al  troubles,  but  they  do  not 
sjieeiiie  disease.  Peaty  matters  in  solutinn  tiave  now  and  then  ap|i 
to  be  eoniieetfHl  with  intestinal  derangement,  but  we  have  no  ai 
knowleilge  that  they  aetually  have  been  or  can  be  a  cause  of 
trtnible. 

We  know  thn^e  epidemie  diseastvs  whieh  we  may  say  with  certaii 
ciin  be  carried  by  wattT.  The>e  are :  elitdem,  typhoid  fever,  ; 
dysenteiT,  but  it  is  said  couimonly  that  water  is  a  great  factor  in 
iipread  of  diphtheria,  yellow  fever,  and  malaria.  In  the  case  of  " 
tberiu,  the  weight  of  evidence  is  certainly  against  Its  Wing  a  water-borw 
disease.  There  is  some  evident^e  of  its  spread  througli  theu-^-rfl 
eiimmon  water  sup[*ly,  lait  in  these  cases  then*  is  usually  a  npronioft 
driid^ing  vessel,  ami  prttbaldy  a  [iret*.xi>ting  aise  uf  the  di&aise  araooj 
die  thinkers.  The  diphtlieria  iM'ga!ii?-tii  cannot  long  survive  in  water 
which  is  not  very  extensively  ixdhitetl. 

As  to  yellow  fever,  there  [^  no  evidence  whatever  of  vahie,  but  iD 
the  older  literainre  of  hygiene  many  outlireaM  attributed  to  fwlluted 
water  are  recorded.  In  the  light  of  our  present  knowledge,  tb^ 
instances  have,  nutu rally,  no  standing,  but  in  justice  in  thor=e  wb* 
recorded  them  it  must  1k'  Kiid  tliatj  before  the  discovery  tliat  the  di»««?C^ 
was  nios<jui to-borne,  tlie  evidence  presented  seemed  to  l)e  uncc»al 
vertible.  For  example,  outbreaks  occurring  at  sea  aboartl  ship 
recently  had  been  in  infected  ports^  where  the  water-casks  had  i 
refi!h'<i,conhl  not  be  attribnted  to  telluric  influences,  and  the  replei»i?l 
water-sn pfdy  ofTereil  the  oidy  exjilanation. 

As  with  yellow  fever,  sf>  with  malaria »  abundant  evident  of  f^'n- 
neetion  w^ith  water  as  a  cause  has  Iteen  reeonkHi,  although  Uie  fueth:''' 
hing  been  known  tliat  water  from  malarial  districts  may  be  used  1? 
comnnmilies  at  a  distance  witliout  harm,  as  is  the  ctise  with  the  city*" 
Home, 

One  of  the  best  cases  whieli  have  lieen  acccjittHl  as  jinwif  ef  tniii^ 
mission  by  wat^r  is  that  rejMirtiHl  In'  Laveran,  who  faile<k  howevt^  ^"^ 
fnrnish  certain  facts  which  our  present  knowledge  windd  require.  ^ 
detachment  of  soldiers  dnud^'  at  a  certain  wcll^  and  then  enj<»y*d4 
ln'arty  miS^iS^KK'^^^V  detachment  ate  firsthand  hiter  drank  Jroni  ti^^ 
^ime**'^*^  ^<>imicr,  all  in  rifiiv  sirk  with  malaria  ;  of  tbebtten 
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n^it  (jno  was  afffckil,  Tlw  diWtnvurv  in  tlic  ri'sults  was  thoiight  to  he 
*hiv  Uy  the  fact  that  thos<'  wh^i  t.Heinml  took  no  water  until  the  ga^itrtc 
juioe  was  stHJivted  in  the  jin^eei^^.s  of  digestion.  Quite  a  number  of 
lilies  are  retMmii'd  in  whieh  nuii  <»ii  shi|jlK>ard  have  userl  the  water  of 
certain  «isks  whieli  i^thrrs  had  dee!  i  net  I,  tht^  tVirnier  l>euon)ing  siek  with 
malaria,  and  tlie  hitter  esc4*pii)^. 

There  is  evidence  that  certain  animal  diseases  may  be  .spread  by 
water  contiiininji^  the  siMHvitie  or;ianisni.  Hog  fliolem  and  anthrax 
liave  certainly  Im/cu  spreail  by  water  into  wltieh  the  biMlics  af  thoM-  that 
had  ditnl  of  these  tliH^ases  had  been  thrown,  and  glanders  may  be 
>[Head  frnm  horse  to  horsr  liy  the  use  of  a  ixHTiracm  (Irinkiii^  trongh. 

The  diseases  t>f  greatest  interest  in  connection  with  drinkintr-water 
are  two  whieh  we  know  can  be  .spread  by  infected  water — cholera 
and  typhoid  fever.  The  first-mentione<l  happens,  with  ns,  to  be  otic  of 
itiinor  interest,  inasmuch  as  it  is  a  ntost  nu<"onnnon  visitor  j  tlic  other, 
however,  is  always  witli  ns,  and  we  have,  thci*etnre,  (*onstant  oppor- 
tunity for  observation  oi'  the  intliienee  of  jKiUnteil  water  iu  iu  eauisa' 
timi. 

The  strongt^st  pnHif  of  the  value  and  efficieuey  of  the  purification  of 
water  by  filtration  throngh  sand  is  the  cirop  which  CM'curs  in  the  innr- 
tality  from  typlioid  fever  when  a  community  abandons  the  use  of  un- 
treated pfil luted  water^  and  aiUipts  this  methtnl  of  improving  the  quality 
without  changing  the  siiuree  of  supply.  The  eity  of  Lawrence,  Mass- 
achnst*tts,  tVir  cxaui[)ie,  [»rior  tif  and  iuc^lotling  jiart  of  the  year  18rf3, 
useil  the  unhltcrt?d  water  4if  the  Mcrriinae  River,  into  wliieh  is  jKnired 
the  sewage  of  a  sut^oession  of  large  cities  and  towns  having  an  aggre- 
gatQ  popnlation  of  several  hundred  thousands.  In  the  year  mentioned, 
tile  priK'css  of  filtration  was  adopted,  and  gofnl  results  were  almost 
iiumetliatcly  evident.  Following  are  the  deatli-rates  from  ty|)hoid  fever 
per  10,000  of  population  for  the  four  years  immeii lately  preeedmg  and 
for  the  sjime  period  follow* ing  the  change  : 
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1S89  . 

1890  . 

1891  . 

1892  . 


12J 
I0,b 


YetT  of  ch«iig«. 


1893  , 


8.0 


Fotlcnrlnf  ehmnge. 


1894 

1895 
189ti 
1897 


4.7 

rii 

1.9 
1.6 


It  is  but  fair  tt»  add  that  about  half  the  deaths  from  the  disease  in 
1894  and  181)5  were  of  |M-rsfms  wlio  persist+'tl  in  drinking  unfiltei\>d 
water  <lir(  ctly  from  the  canals. 

The  city  of  Ha nd^urg  adopted  filtration  in  May,  1S93,  after  a  most 
devastating  epideniie  of  cholera  iu  the  preeetling  yt^r.  Typhoid  fever 
had  alwav:-  clainml  a  very  large*  number  of  vi^'tims  annually,  and  dur- 
ing the  fiuir  years  lSfUU18t»:i,  the  death-rate  from  tlie  disease  was  2.6 
p'r  10,000;*  but  iti  the  next  two  (18r>4-'l8f)n)^  it  fell  to  0,7 "x 

Com^mris^ui  of  typhoid  deiith-ratei5  of  cities  using  [xvUuted  waters 
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witli  tjjose  of  fathers  u^m^  pure  ar  juirifiecl   Maters  is  most  wnvii 
both  of  the  effit'irnev  iif  fihralioii  aii«l  of  the  dii^stmus  i\*>ullji  t»f 
lectiug  to  pn*tt?et  the  public  fnmi  the  daiigei^^  of  iiiipiirc;  supplie?, 
cities  of    Chietigo  and    Berlin   itjiiv  well   be   selected   for  oora 
having  approxiniutely  the  same  mmil)er  of  itihabitauts.      Chicago 
its  water  from  Lake  Miehig;m,  itilt*  whieli  vast  vohimesj  of  sewaj 
poured  at   various  points,  aud  uses  it  without  |mritieation.     Bei 
supplieil  by  two  lakes,  Tegel  antl  Miiggel,  whieh  are  protected  bo  fcr 
possible  from  pollution,  but,  nevertheless,  everj"  gidlon  used  is  fill 
During  tfie  years   1890-1894,  tlie  death-rates  fniDi    this   one  i\k 
averagetl  84  [ht  100^000  atChii'sigo,  and  but  8,  or  less  tlmn  om*-iaji 
as  high,  at  B4Tliu.     Between  18HJ)  and  1  8;>3,  Chicago  suffered  urn 
ally  from  typhoid,  and  in   1891  the  typlund  mortulit}'  reached  b')9, 
per  100, 000.     At  this  time,  the  intake  was  situated  but  a  few  hiindr^! 
feet  from  the  shore,  and,  in  consetjoenee  of  the  ravagt^s  of  the  di» 
a  tunnel  was  built,  extending  the  intake  fmir  miles  into  the  lake. 
result  of  this  extension   was  an   imtneiliate  nxarkerl  fall  in  the  numli 
of  cases,  but  nothing  comparable  to  what  might  reasonably  be 
had  the  water  been  subjecteti  to  filtration. 

The  expcrieuee  of  Philadelphia  within  recent  years  furuishes  a  nn 
instrnetive  example  of  the  danger  of  using  polluted  water.  During 
the  first  six  months  of  the  year  189JI,  in  a  population  of  over  a  taillioni 
7038  ciises  of  typhoid  fever^  with  8t»0  deaths,  were  reconled.  During 
the  first  fixe  weeks  of  190*2,  510  eases  o<.'curred,  with  49  deaths 
Between  Jauuar)'  1  and  April  11,  1904,  in  a  population  of  abnol 
1,300,000,  there  oeeurred  nearly  2500  ea^ses ;  and  of  these,  no  fewer 
than  389  were  reported  in  a  single  week,  this  number  being  the  largest 
ever  reportetl  in  any  week  in  the  histoiy  of  the  eity.  lo  that  part  of 
the  city  to  which  the  oew  supply  of  filtered  water  wa«  furnishiHi,  there 
was  an  almost  immediate  fall  in  the  typhoid  rate,  the  imnuHliate  Deigh- 
borhcHiil  not  so  supplietl  continuing  io  0Kiint;iin  a  much  hightT  rate. 

Typhoid  Infection  of  Water  Supplies. — Typhoid  infeetionofa 
wutrr  sui>[vly  may  \>v  ^lirt'ct  or  indireet.  Direet  infec»tion  i»eeurs  throiiph 
the  entrance  of  onlinury  s<nvage  rontniniug  the  essential  organisnif  <»r 
of  hews  or  urine  iliseharged  along  tlie  banks  of  a  river  or  Udce,  for 
example,  by  persons  suffering  with  or  eonvaleseent  fnmi  the  ditieji!*» 
Indireet  inffX'tion  oeeurs  from  discharges  de|KisittKl  in  or  ujvon  thesoilt 
and  thence  washed  by  niin  intt^  liodics  of  watrr  or  downward  into  w«'II*'' 
Ordinary  sewng<'  pcillution  is  not  snthcient  to  1 1 ring  al>out  an  iiulbntifc 
of  the  disease,  nor  will  sfieeiiic  pollution  n<"ccssarily  always  1k"  fi»lh>WHti 
by  the  occurrence  of  cases.  The  sjMH^ifie  orgaTUsni  has  only  a  limitt^' 
tenure  of  life,  and,  in  the  ahsemr  nf  conditions  favorable  to  its  eshi' 
enee,  it  may  iktisIi  bofore  It  niK'lK\'*  tla'  consumer.  Mi»reover,  the 
mnnb<'r  prcst^nt  may  Iw'  viTy  small  and  \hv  ctfci-ts  prodnctxl  so  hli^rH 
as  to  ot*casion  little  notice.  It  is  to  be  borne  in  mind  that  not  cvc^7 
mouthfnl  of  a  pdluted  supply  ciintains  the  oipinism,  and  tluit  i*^^ 
every  person  to  whose  system  it  gains  atwees  must  necessarily  co*^ 
doWU  with 
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Until  (]\uio  rpffiitly,  it  hii<  Imhmi  sujipnseci  that  the  itifeeting  organ- 
iniiiH  hud  thoir  urigiii  (jiily  in  tho  iitt^es  of  preexisting  rases;  but  St  is 
now  kucnvn  that  ttiis  is  fur  from  l>eiiig  the  fjase,  and  that  they  exist  in 
the  fteeiii  tliselKirgei?  during  imly  the  early  stages  of  flie  disease,  or  np 
to  the  twentieth  ihy  <ir,  jwrhaps,  even  stnnewhut  hi  ten  Fetrnsi'hky  ' 
has  showji  thjit  the  nriiie  may  euutain  millions  of  living  hat'ilii  in  each 
cubic  centimeter,  and  that  they  may  be  found  fur  many  weeks,  and  even 
after  convalescence  is  well  establishtNJ,  Tht^y  may  ap|K!ar  as  early  as 
the  [ifte<Mith  day/vvheUj  perhaps^  tliey  are  nti  lunger  ihnnnnstrablf  in  the 
fa?ces.  Dr,  Mark  \\\  Kichardson  *  foiiuit  them  in  very  large  numbers 
and  in  practicidly  pnre  cidture  in  the  urine  of  nine  out  of  thirty -eiglit 
ti4itient.s.  They  ajijR'ared  late  in  the  eourse  of  the  disease,  and  cfMUinu<Hl 
to  be  elirainatixl  in  sevt^ral  of  the  ca^m  afU-r  dist*harge  froju  tlie  hi>s- 
pltal.  Tiiesr  observations  of  lVtrnscld<y  and  Riehardsun  liuve  bufo 
eontirmetl  l>y  other  l>a*'teriotogist8.  It  ap[M:'ars,  then,  that  an  apimreutly 
well  p?rson  is  ca]>able  cf  infecting  a  "^vatcr  supply  to  a  greater  extent 
antl  with  less  optical  evidence,  or  none  at  all,  by  a  discharge  of  urine 
into  a  w^atcr  conr*se  than  an  evidt^nlly  sick  one  by  a  dejx»sit  of  his  iieces 
into  it  or  upon  its  banks. 

Whatever  the  mode  of  infretion  of  a  public  water  supply,  tlie  results, 
if  any,  are  seen  in  an  increase  in  tiie  numljcr  of  eases  ordinarily  ocijur- 
ring  in  the  comtuunity  snjyplittl,  and,  except  in  those  insUinces  where 
the  disf^se  i.s  spread  by  infec^tcd  shell tish  or  other  foods,  ^qoy  eonsidenible 
augmentation  of  cases  points  nnmistakably  t-o  the  consnmption  of  poU 
luted  water,  even  thongh  the  system  of  tiltnition  is  followe^l.  In  the 
latter  instance,  inve.stig:inon  aUiiost  certainly  will  show  some  defect  in 
the  filter*?,  or  that  their  eapacity  has  Imh;mi  overtaxed.  Even  aftrr  snlv 
sidence  of  the  (aitlrreak,  the  disease  may  continue  to  be  more  |>revalcnt 
than  usual  for  Bome  little  time,  especially  in  the  absence  of  a  projMir 
system  r^f  sewenige. 

Influence  of  Introductioii  of  Public  Water  Supplies  on  Typhoid 
Rates.— Cootniry  to  wliiit  might  be  cx|K'ete*l,  the  highest  death-rates 
fnmi  tyj>hoid  fever  in  tijiekiy  settle*!  eountrit^s  are,  gLneralh"  speaking, 
not  in  the  en>wded  cities,  but  in  the  towns  which  have  no  public  water 
supplies.  In  Ma ssjK'hn setts,  for  example,  the  *i  towns  highest  in  this 
res[K?ct  had,  during  the  eighteen  years  prior  to  18J)f),an  averagt^  tyfihoid 
death-rate  of  12,82  \wr  1 0,000  uf  prtpnlation,  while  t\w  av<  rage  of  the 
tive  highest  rates  for  cities  with  public  supplies  was  but  7.G.'j,  and  of 
all  the  cities  of  the  C'omniouwealth  only  4.(i2.  In  the  town  with  tlie 
highest  mortality,  ^\'are,.thc  average  for  fiik-^^n  years  prior  to  lXti*> 
was  lfi..*>  in  10, OIK);  in  that  year  a  pnldic  supply  was  introduct^d, 
and  at  tin*  expiration  of  four  years  ttie  im^rUdity  had  diminislml  t>0 
[XT  cent. 

In  1 870,  only  20  cities  and  towns  in  Massiiehusetts  had  nnHlcrn 
public  sui^|ilirs  J  at  the  end  of  189(],  all  <if  tht-  ;]2  cities  and  127  of 
the  322  towns,  comprising  HlbS  fKT  **tMit.  of  the  entire  popidntion,  were 


'  f>mmn*lutt  ftir  Bukterinlo^qe  nml  FiirjisitiMikundii,  1898,  XXI I L,  Nt 
'  Joumitl  of  KxjK'ri mental  Me<li<"iiu\  May,  1S98. 
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thus  prr>vi<le<1,  and  \m\  *^*  towns  widi  |iu[iiilnt!nnH  exceeflinf:  *>rjUl»  had 
none;  at  the  end  nf  lilHl,  hut  8  por  cent,  of  the  entire  iMipulatk»n  of 
*2,f^0rj,000  were  without  puhlic  fiiipplieM,  and  this  was  ruiule  np  very 
larj^ely  iif  the  %'ery  small  towns  with  t^cuitterel  inhabitants,  w4iere  the 
intrcxhjetifin  uf  puhlie  Wdiks  wnuld  be  iH-yoUAl  the  financial  jMissil>ilitie#«, 
As  a  result  nf  this  very  ij^encral  introdtietinn  of'  a  ciinuur*ii  supply  in 
plaw^  of  that  derivtHl  tVoru  individual  wells,  largely  of  the  u|)eii  variety 
and  situati^l  in  ch)se  jvroxiinity  tc»  siiiirws  of  pollution,  a  dci^ideil 
ilecline  in  typhoid  lever  has  In-cn  n<ttiee<L  This  result  is  hy  no  melius 
peculiar  tn  MiissacliU'^etts,  hut  is  ftnnul  to  be  the  eonse^jueiice  wherever 
the  welcctiou  of  the  s(Hirce  is  maelc  with  jutlicious  care  and  measni'^s 
are  taken  to  protect  it  IVoiu  avoidable  p<illntioii.  It  is  not  U\  he  stip- 
po.sed,  however,  that  the  mere  introduction  of  a  common  supply 
without  the  <>l)servauee  of  this  necessary  prectuititui  will  best  ^vrve 
the  intere>t.s  r»f  the  [vublie  liealtli.  In  the  following  table,  eonijiilcfl  by 
Mr.  Hinim  F.  Mills,^  is  j  liown  the  change  in  the  typhoid  death-nites 
|tcr  10,000  in  eat^h  of  the  eities  of  Massiiehusetts  wliieh  introthieed 
M-'atiT  within  the  ve«ii*s  1869  to  1877  : 


CiUes. 


Holroke    .  . 

Lawrence  .  * 

Ix^well    .    .  , 
Fall  Rivt^r 
8fjnii«tield 

TuuntOD      .  . 
Norlliampioii 

New  Bedford 

Kewton  .    .  . 

Maiden  .    . 

Fitcliburg  .  . 

Woburti .    .  . 
8omeririll<? 

Chelnea  ,    .  - 

Widllmni    .  , 


YtKrljr  nttoiberl                         |Yedr1y  nutuher  DMtbs  in 

of  deaths  from  i    DRle  of  iutro-     of  d«'aih»from  second  peHod 

typhcjid  fevur        diieOon  of          irpltiold  fever  per  himdrrd 

p«r  10/KK».  I8"j*j     wal*:r  nupplv.      per  l<>;t«X»,  1878  of  thow  iii 

to  ItMiM.                                              to  X^m,  fir»t. 


1873 
1875 
1872 
1874 
1875 
1876 
1871 
1871 
1869 
1876 
1H70 
1872 
1S73 
1867 
1867 
1873 


It  wnll  be  noticed  that  of  tht^se  sixteen  citieis  there  were  three  which 
showed  no  improvement,  and  two  of  these  were  worse  off  than  Iwfore. 

The  reason  for  this  is  eletn'.  All  three  are  niannfaetniing  cities, 
sitnatc(j  on  rivers  ikiIIiUhI  hv  sewage.  At  IIolyr*kc,  wliile  the  pulilic 
supply  is  bnt  slightly  lialile  to  contamination,  the  operatives  in  the  fac- 
tories used  water  from  two  other  SHru't^c"^,  suhjeet  to  gross  ixdhition  ; 
namely,  from  the  canals,  the  entrance  of  c»ne  <*f'  which  is  sitnated  close 
to  the  onth*t  of  one  of  tln'  main  sewers  of  the  eily,  anrl  from  wells 
in*h'rcet!y  suj>plied  Ijy  the  canals.  (Vanparison  of  tlii' *leatli-rates  from 
ty|i[ioid  i'i^yev  ammig  those  of  dilTcreut  oeeiipahon^,  hroiight  out  the 
fact  thai   the  operatives   in  tin*   mills  wliich    nxnl  i-jinal  water   suffered 

^  22^1  Annual  Report  xyi  the  Stutt-  Ik»ai\i  ut"  Health  uf  MiiJWiicUu>etts  18&0,  \\  534. 
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from  the  disease  tlirtv  times  us  nmeh  pro  rata  as  alt  otlier  j>ersniis, 
Lowell  and  Lawreiiee,  at  the  time  nieiitioueil,  were  iisiii|r  the  i>f>lhitt.Hl 
water  of  th«'  Merrimac  River,  Lowell  took  its  supivly  t'ourteeii  miles 
helow  the  jHiiiit  oftHitmnee  of  the  sewage  of  Xashiuij  X.  H.,  ami  eoti- 
,siiun'd  it  with(Hit  treiitmeiit.  Ijavvreuee  th\^w  uihhi  tlie  same  siipjily, 
after  its  enriehment  by  the  sewage  of  Lowell,  at  a  |MniU  hut  nine  miles 
bt^ow  the  oatiall  of  the  latter s  sewage.  In  18^»1,  Lowell  sutlered 
iiiinsiinlly  from  typhoiti  fever  by  reason  of  the  atlditi*inal  eontamina- 
tion  by  foees  of  typhoid  patients  disehargtHl  irjto  Stony  Brook,  a  small 
tributary  of  the  Merrima*-,  ouly  three  miles  above  the  iutake  of  the 
water-works. 

Tlie  efmditioiis  of  all  three  places  have  sinee  l^een  elum^ed.  At 
Holyok*\  warnings  were  posted  for  the  l>eueHt  of  the  o|>eratives  • 
Jji>well  ahaudouHt  tlu*  river  in  tavor  of  gronnil-wuter  in  IHlKj,  and  iu 
tlie  same  year  Lawrenet*  instituteil  hltnitiiJU,  In  all  of  the  three  eities 
the  expected  happuiMJ  ;  namely,  a  nuirkecl  diminution  ia  the  death-rate. 

Kxarjii nation  *\f  t!ie  above  table  rev^ds  the  fact  that  in  tlie  majority 
of  the  8i\twn  eities  the  rc^lnetion  iii  the  typhoid  death-rate  was  most 
|>roiioum!tHK  In  some  of  them,  the  diiuiimtion  has  pnweeded  to  a 
mueh  greater  extent  than  is  shown  here.  In  1 806»  three  cities  with  aa 
iiggi^^gute  population  of  70,000  showe*!  less  tlum  1  death  per  10,000 
from  this  disease,  and  iu  one  of  them^  Wobnrn,  there  was  none  at  all. 

Examples  of  Typhoid  Fever  Epidemics  and  of  Limited  Out- 
breaks  Traced  to  Infected  Water.-^F(*r  the  purjwKse  of  illustrating 
to  what  an  extent  sjHH'itii-ally  polluted  water  etin,  under  favorable  eon- 
<liti(»ns,  bring  ahuui  a  sudilen  outbreak  or  explosion^  the  following 
I'iises  liave  Iwen  seleetrd  from  the  many  which  are  to  be  found  iu  tlie 
literature  of  hygiene. 

Epidemic  at  Lausen,  Switzerland.-^This  b'st  known  and  most  often 
fpintcd  of  epideiuies  of  ty|ih(Mii  fever  was  prat-tieidly  the  first  one  of 
any  eonsidenibh^  extent  to  ho  traecHl  nndispntid)!y  to  the  use  *^f  sjr'- 
citicaUy  pnllntwl  water,  altliough  iiiauy  outinvaks,  large  and  small, 
had  been  ascribtMl  to  the  use  of  water  **  containing  efuisiderahh*  orgiuiic 
matter/*  anil  only  siippose<lly  infeettxl. 

Up  to  IHT'i,  this  villagt!  r>f  7 SO  inhabitants  had  not  l»eeu  visits  1  by 
ty]ihoid  fever,  even  in  sjmradie  «ises,  tor  sixty  years.  On  August  7th, 
\vith  no  previous  warning,  ten  jx^rsons  were  sci/xHl,  and  during  the 
next  ten  days  nearly  sixty  more.  The  iuuuIxt  of  cnf^e^  iuereasetl 
from  day  to  day  until  l^^O  |>rrsous,  or  one-sixth  of  the  entire  po] eola- 
tion, had  bii'ii  seizetl.  Si  largr  a  [XMVt  ntage  of  involvenitiit  pointed 
to  some  common  «iuse,  and  the  immunity  enjoyed  hy  the  inmates 
of  a  grou|)  of  houses  not  connect eil  with  the  public  water  supply 
^lireetetl  attention  to  the  latter,  which  was  derivt^l  from  a  spring  at 
the  font  of  a  ridgtj  about  ilOO  fV^t  Iiigh,  Iw^tween  thi*  village  and  the 
Filhrler  vallry.  In  this  valley,  at  a  point  between  one  and  two  miles 
distiuil  from  Lausrn,  was  an  isolatiHl  fSirm  wljcre  dwelt  a  man  who, 
on  June   10th,  sln^rtly  after  liis  return  from  a   visit,  was  taken  sick 
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with  typhoid  fever.  Before  the  end  of  July,  three  cases  more  devd- 
oped  in  the  same  house.  The  discharges  of  all  four  were  thrown 
into  a  brook  in  which  the  family  washing  was  done,  and  which  served 
to  irrigate  the  "tneadows  below.  Whenever  it  was  dammed  up  for 
this  purpose,  the  volume  of  the  water  supply  beyond  the  ridge  was 
noticeably  increased.  Between  July  loth  and  the  end  of  the  mondi, 
the  meadows  had  been  submerged  by  this  process,  and  in  three  weeb 
from  the  beginning  of  the  operation,  the  explosion  occurred  in 
Lausen. 

The  sequence  of  events  was,  then,  the  appearance  of  the  initial  case 
on  June  10th,  and  of  three  more  in  the  same  house  before  the  end  of 
July,  the  daily  pollution  of  the  water  of  the  brook,  the  damming  of 
the  brook  iii  the  middle  of  July,  and  the  appearance  of  the  first  cases 
in  Lausen  on  August  7th.  Everything  pointed  to  direct  connection 
between  the  impounded  water  and  the  spring  a  mile  or  more  distant 
on  the  other  side  of  the  ridge,  and  its  existence  was  established  by 
dumping  about  a  ton  of  salt  into  the  brook  and  noting  its  speedjr 
appearance  in  the  Lausen  spring.  As  a  verj'  large  amount  of  flour, 
deposited  at  the  same  place,  gave  no  evidence  of  its  appearance,  even 
in  traces,  it  was  proved  that  the  water  passed  through  a  coarse  filter- 
ing medium  rather  than  through  an  open  underground  passage. 

The  Plymouth,  Pa.,  Epidemic. — The  town  of  Plymouth,  Pennsylvania, 
had,  at  the  time  of  the  epidemic  in  1885,  a  population  of  about  8,0(X> 
people.  The  general  water  supply  was  derived  from  a  mountain 
brook,  which  was  dammed  at  intervals  so  as  to  form  a  series  of  im- 
pounding reservoirs,  but  a  large  part  of  the  population  was  supplie<l 
by  individual  wells.  A  citizen  who  sjient  the  Christmas  holidays  at 
Philadelphia  returned  in  January  to  his  home,  ill  with  typhoid  fever, 
and  had  a  very  protracted  sickness.  During  the  entire  period,  his 
excretii,  which  wore  in  no  way  disinfected,  were  thrown  upon  thesnov 
and  ice  on  a  slope  not  forty  feet  away  from  the  brook,  at  a  jwint  mid- 
way between  two  of  the  dams.  At  this  time  the  brook  was  frozen 
over,  and  it  n*niaine<l  so  until  the  approach  of  spring.  During  the  la.*t 
third  of  the  month  of  March,  there  was  a  sudden  j)eriod  of  warmth, 
and  the  snow  and  ice  began  to  melt.  Shortly  afterward,  the  warm 
spring  rains  b(»gan,  and  the  ice  and  snow  and  frozen  excreta  upon  the 
slo})e  were  nieJteil,  and  the  entire  accumulation  was  washed  into  the 
brook,  and  thence  into  the  water  mains.  Within  three  weeks  there- 
after, cases  of  typhoid  fever  by  the  score  made  their  appearance 
throughout  the  town.  On  sr)nie  days,  more  than  a  hundred  new 
cases  were  reported,  and  on  one,  the  number  reached  nearly  two 
hundred.  The  total  number  of  seizures  has  variously  been  state<*» 
the  lowest  estimate  being  1,000  and  the  highest  1,500.*  The  nwxs^^ 
of  deaths  was  not  less  than   114,  and  has  Ix^en  placed  as  high  as  1^^' 

It  was  discovered  that  the  e])ideniie  was  limited  practically  to  tb*^ 
whose   houses   were  su])plied   by  the  town   mains,  and  to  those  ^P^ 
while  su|)plied  at  home   by   wells,  drank  of  the  public  supply  wl^^ 
absent  from  home  during  working  hours.     This  distribution  was  p^^ 
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tifMiliirly  emphasiziHl  in  one  striM^t,  wlieri'  the  lioiiscB  on  one  ^icle  all 
hjiil  one  or  more  tiaises,  wliile  thosf  on  tLo  nther  had  mine  at  all. 
The  former  were  supplied  by  the  town  main^,  and  the  hitter  deinnided 
npnii  wetls» 

Outbreak  at  Uvemet. — A  somewhat  similar  outbreak,  on  a  much 
smaller  scale,  is  reptjrttnl  l>y  Dr.  Dupard  *  n,H  neenrrin^  at  a  small  v il- 
ia t^e  in  the  Alps,  the  detiiils  iif  which  are  as  If >J lows  :  In  Oetnber,  1>!S)K, 
a  detiielimeni  of  157  intantrv  soldiers  wen.*  (puirtered  in  four  houses  in 
th(^  village,  eaeh  house  sheltering  a(>proxi mutely  a  fonrtli  of  the  men. 
In  one,  when*  til  were  rpaarteretl,  there  ajtpeared  witliin  a  few  wei^ks  22 
ca8€8  of  typlioid  fever,  6  of  which  terminated  fatally.  At  the  time  of 
seizure,  there  were  no  otiier  cases  in  the  villagt?,  nor  did  any  apj>ear  in 
any  other  house  than  this  one.  In%'estigution  reve^dwl  the  fat^t  that,  a 
lew  ila}'s  liE^bre  the  arri\al  of  the  tnH>ps,  a  efiild  of  ten  years  had  l»een 
taken  ill  with  the  disease  in  another  house  situate*!  on  liinrher  ground, 
ulxjut  400  feet  away  fmtn  the  house  in  question.  Whei\?  the  eliild  lay 
ill,  tiiere  was  no  privy,  and  his  exereta  were  thro^\'n  upon  the  tironnd 
iu  a  neighl Hiring  Held*  His  soiled  eh^thes  were  washed  in  the  spring 
nearl>y.  At  the  time  of  the  scildiers^  arrival  n  uundK'r  <>f  heavy  niin8 
oeeun-ed,  by  which  the  surface  impurities  of  the  soil  in  the  neighbor- 
liotxl  of  the  house  where  the  child  livcnl  wifuld,  by  reason  of  the  incli- 
nation ijf  the  irround,  \w  wasluH.!  toward  the  house  occnpitMl  by  the 
*^oldiers.  This  was  supi>liwJ  l>y  water  from  a  small  stream  through 
u  rude  main  eonstrncttHl  of  worm-i^aten  liivlh^v  logs  Isiid  iu  a  shallow 
<lepression  in  the  surface  i>f  the  soil.  There  etjuld  be  no  (piestion  of 
the  probability  of  ctmtauii nation  of  this  supply  by  the  fteeai  discliargc^s 
thrown  upon  the  gronnd  iu  the  vicinity,  and  in  the  absents  of  any  other 
<'ases  and  with  the  lagh  pereeutage  of  seizures  in  the  one  house,  no 
other  explauatiim  apjH'ars  to  be  }xjssil>le. 

Epidemic  at  Ashland^  Wisconsin,  in  1893—04. — This  outlireiik  is  one 
<*f  pec^uliar  interest,  in  that,  in  addition  to  serving  as  an  excellent  illus- 
tnition  of  the  danger  f»f  using  the  same  body  <>f  water  as  a  pliiee  for 
tile  disposal  of  sewage  and  as  a  smiree  of  ilriuking-water^  it  was  made 
the  basis  of  an  action  at  law,  which  established  the  liability  of  water 
compsiuies  aufl  municipalities  in  ease  of  si(*kuess  and  death  caused  l)y 
tlie  distrilmtiuu  and  use  of  intectcHl  water. 

The  city^s  su[>[»ly  is  derivwi  from  an  arm  t>f  l^iike  Sn]>erior,  C'lie- 
quamegon  Bay,  up)n  which  the  city  is  situate<l.  Tliis  bay,  which  is 
ab<iut  twelve  miles  long,  and  of  an  average  width  of  tive,  varies  from 
i^igfit  to  thirty-six  feet  in  de|>th.  North  of  the  eity,  iuul  exteruling 
outward  in  ii  northwestwardly  diriH'tiuu.  is  a  bnnk water  eonsnueled 
for  the  (jiYitectitin  of  the  harbor  against  northerly  gjiles  ;  and  between  it 
and  the  city  the  nu>uth  of  the  water  intake  i>  liwsitc^l  alxmt  a  mile 
from  the  shore.  (8ee  Fig.  35.)  The^  sewage  uf  the  city  is  disehargeil 
further  to  the  west  tmd  s<nith.  The  <nirreuts  in  the  bay  fill  low  the 
<Mjurse  indieatHl  by  the  arrows  in  the  Hguiv,  and  i-arry  the  sewage 
toward  the  breakwater  and  over  the  mouth  of  the  intake.     This  chid- 
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clition  of  affairs  was  brought  to  the  attention  of  the  company  by  4e 
health  boards  of  the  city  and  state  repeatedly,  but  without  resoh&  '■ 
That  the  water  was  j)olluted,  was  evident  on  mere  ocular  inspection,  fir ' 
it  was  often  cloudy  or  markeiUy  turbulent.  During  the  Minter  of 
1893-94,  typhoid  fever  made  its  appearance  in  the  city,  and  from  the 
initial  cjises  a  disastrous  epidemic  developed,  which  leil  to  the  establish- 
ment of  a  model  filtering-plant. 

The  action  at  law  referred  to  above,  was  brought  by  the  widow  of 
one  of  the  victims.  In  evidence,  it  was  shown  that  he  lived  continu- 
ously in  Ashland,  and  drank  no  water  other  than  that  supplied  by  the- 

Fig.  35. 


Conditions  oMaiiiing  at  Ashland,  Wis.,  prior  to  the  epidemic  of  189S-94. 

wat(T  company  ;  that  previous  to  his  seizure  the  disease  had  prevailed 
in  the  city,  and  that  the  discharges  from  the  antecedent  cases  had 
pass(Kl  into  the  waters  of  the  bay  by  way  of  the  city  sewers.  The 
court  found  for  the  phiintiff  in  the  sum  of  $5,000. 

Epidemic  at  Luneburg  in  1895. — The  ancient  town  of  Liineburg,  with 
a  population  of  22,000,  has  a  system  of  sewers  which  empty  at  tw<> 
}M)ints  into  the  small  Kiver  Ilmenau.  The  public  water  supply  i^ )" 
the  hands  of  a  number  of  sepirate  cor}X)ration8,  which  had  their  oripn 
in  meiliieval  guilds ;  and  as  the  two  principal  ones  supply  the  ^^ 
parts  i)t  the  town,  it  hapjx^ns  that  their  mains  run  through  the  same 
strt^i^ts,  and  that  not  alone  adjoining  houses,  but  even  different  %W^ 


of  the  same  huildiiif^^  iire  supplit^d  hy  I'itht^r  one  according  to  oireUTii-' 
stances.  Tlit'  11: it  lis  Omipnny  furiiislRs  n  ground- water  which  is  per- 
fectly gotwi,  except  for  its  rather  high  t  on  tent  of  iron,  which  sonietinte** 
hiLs  eimseil  more  or  h'ss  trouble.  Tlie  other  large  corponitioin  kui^wu 
88  the  Abts  (*()mpany,  obtains  its  water  from  the  Ihnenaiij  iisnally  at  a 
point  alMivc  the  town  :  but  between  Jnly  1  5tli  and  *JOth,  it  drew  it  from 
a  place  in  the  niithlle  of  the  town,  op|»o>ite  the  pumping-ntation^  where 
the  water  was  extremely  iini>nrc*  Previous  to  tht^se  dates ^  typhoid 
fever,  which  was  always  pre.si-nt  in  some  amount  in  the  town,  hud 
Ix^gnn  to  apj>ear  to  an  nnnsnal  extent  j  and  in  the  first  half  of  August, 
there  w^as  a  sudden  and  rcuKirkablc  increase  in  the  munl>er  of  casi!.s. 
On  the  termination  of  tlie  out  break,  liU")  cases  had  be<'n  rt^portt*d,  109, 
or  H2.44  per  cent.,  of  which  w*  re  among  faniilie:?  suppliixi  wdth  the 
water  of  the  river. 

It  wan  provwl  that,  fur  a  jx^riiKl  of  some  dayw,  whieli  iuclutled  the 
dates  above  menticuiml,  the  iliijrrhteic  discharg**s  of  a  vrtnng  girl,  siek 
wnth  ty[*hoid  fever,  were  thr(»wn,  with*int  liei ug  disiufe<'te<h  iuto  the 
river  at  a  point  about  *iOO  feet  above  the  intake  and  on  the  same  side. 
In  additicm  to  this  one  source  of  the  causative  agent  wliieh  procluccfl 
such  a  sudden  rise  in  the  curve,  it  was  known  that  the  river  li:td  hern  |mi1- 
lutt^l  l)y  the  dis<'harges  of  au*ither  patient  in  May,  and  that  the  epidenvic 
had  its  real  Ix^ginning  in  June,  It  is  eoneeivable  tliat  iu  a  tiwu  where 
the  houne  supplier  are  so  eomplieatetl  that  different  storiei^  have  differ- 
ent kinds  of  water,  a  fair  [MTcentagc  of  the  vfctinis  of  an  epidemic  may 
acfpiire  the  diswise  through  m'ighhorhood  visiting,  thcmgh  their  own 
domestic  supply  is  of  the  j>ro|»er  ipudity.  In  this  whole  outluvak,  only 
17,56  |>er  cent,  of  the  eases  were  anuHig  people  whose  premises  w^ere 
supplied  by  the  r*ther  companies. 

Epidemic  at  Zehdenick  in  1897. — ^This  was  a  loetd  outbreak  tmce<l 
to  the  eniitauiinatiim  of  a  well  by  the  discharges  of  a  child  si(*k  with 
ty|>h<a<l  fever.  Tlie  water  was  iisecl  by  tlie  inmates  of  the  houses  in 
the  immediate  vicinity,  and  the  disease  was  liniittHl  to  them  alone. 
Of  303  ^H^rsons  making  np  the  20  honseliolds  eif  the  neighborhtiod,  04, 
or  nearly  a  third,  wen*  s*Mze<l  within  a  short  periml,  while  not  another 
ease  was  known  in  the  town.  The  inniati-s  of  nine  lionsi/s  within  the 
lufecttHl  areji,  who  obtaintHl  tlirir  water  from  another  source,  were  un- 
touched. 

Limited  Outbreak  Among  Soldiers. — An  infantry  regiment,  returning 
tVoiu  the  autumn  mameuvrcs,  [>ass(Hl  tlirongh  a  small  village  where 
typhoid  tevcr  existed,  and  haltcMl  for  water.  Two  tlays  attcrwanl,  3 
men  were  seizetl  with  great  suddennes8,  and  within  two  weeks?,  30  men 
were  down  with  the  disease.  They  had  Ik^u  expoKnl  to  oo  other 
source  of  infection,  and  other  troo|Ks  who  jiasscd  tln^ough  the  same  vil- 
lage without  stopping  fru'  water  were  unaffected.  Knowing  the  day 
when  the  infection  oeeurred,  and  since  in  every  case  the  onset  wa.s 
marked  by  very  acute  symptoms,  Dr.  Emil  Jauehen  *  was  able  to 
determine  the  exact  |K*rirKl  of  incubation  :  3  were  seized  on  the  secMUjd 
^  Wiener  kliniBche  Wcx-hensehriftj  July  7\  1898. 
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day,  7  on   the  third,  6  on  the  fourth,  4  on    the  fifth,  4  on  ibe  i 
5  on  the  seventh,  and  7  l>etween   the   ninth   and  the  fourteenth, 
short   periods    are  expkiinahle  by   the  fact  that   the   men  were 
state   of  exhaustion  at  the  time   of   drinking,   and    all   to<jk  copi<| 
draughts. 

Epidemic  at  Butler,  Pa.,  in  1903. — Butler,  Pennsylvaniaj  isatlim 
city  o(  al>oQt  1(J,000  inhabitants,  supplieil  with  water  from  thnjLM 
two  nf  which  are  .situatiHi  at  different  points  on  C<>nii(K|uenes5ing 
and  the  thinl  is  an  innK>unding  reser%*oir  on  Thorn  Run, ' 
the  chief  tributarv  of  the  creek.  On  August  28,  1B03,  the  dEni| 
Boydstownj  some  seven  or  eight  miles  above  Butler,  was  carried  an 
and  the  main  source  of  supply  l>ei ug  thus  lost,  the  water  compuiiv  < 
obliged  to  use  water  from  the  Thorn  Run  reservoir  and  to  pumpilir 
from  the  creek  at  the  pumping-statiou.  Before  distribution,  the  ' 
was  treated  in  a  rapid  mechanicid  filter,  from  which  it  waa  sent  to  I 
city  reservoir.  On  October  21,  the  filter  plant  was  shut  down 
repairs,  and  during  the  next  ten  days  tlie  city  was  supplied  with  I 
filtereti  w^ater,  taken  directly  fn*m  the  creek  at  the  pumping-stati 
On  November  2,  an  epidemic  of  typhoid  fever  began,  and  so  rap 
did  it  spread  that,  by  December  1 7,  no  less  than  8  per  <»ent.  of  the  j 
lation  (1270  cases)  had  been  attacked,  and  iiH  persons  liad  died. 
tlie  epidemic  was  due  to  the  water-supply  was  emphasize*!  by  tlie  l 
that  a  portion  of  the  city,  know^n  as  Springdale,  with  a  population i 
al>out  2500,  not  provided  with  city  w^ater,  but  supplietl  Uy  deep  we* 
wns  almost  wholly  exempt,  there  being  but  2  c;ises  within  the  distrid 
The  Booree  of  the  infection  was  not  far  to  seek.  Thniughout  the  satn* 
mer  and  autumn,  fairly  numennis  cases  <»f  typhoid  fever  had  occurred 
at  various  jM)ints  on  tlie  watcrslied,  and  there  was  ample  opjMirtmiitT 
for  the  dejecta  to  he  carried  into  the  numerous  small  tributaries  sod 
thence  into  the  creek.  In  one  house,  for  examj>lc,  provideil  with  t 
privy  overhanging  a  small  stn^am  which  empties  into  the  creek  within 
a  short  distance  from  tlie  p  urn  ping-station,  there  occurrc^d,  subsequeflt 
to  October  1,  no  fewer  than  5  cases  of  the  disease.  In  another  linage 
near  Thorn  Run  dam  there  was  a  case  about  the  middle  of  August^  i 
this  ^vas  followed  by  3  others. 

Epidemic  at  Ithaca,  N.  Y-,  in  1903.^At  the  time  of  this  outbreak,  Ith 
New  York,  the  seat  of  Cornell  University,  was  a  city  of  aUiiUt  13,( 
people,  with  an  additional  student  population  of  nearly  3O00. 
location  and  surroundings  arc,  in  general,  nn usually  favorable  to  healtb; 
in  1900,  the  dt^iUli-rate  from  all  causes  w^as  but  10.3  per  thoiL^and.  The 
public  water-su|jply  w^as  furnis!N»d  by  three  creeks,  which  flow  into 
Lake  Cayuga,  l>ut  many  of  the  |>opulation  dei>endcd  upon  private  welL^ 
of  which  there  arc  about  1500  within  the  cor jMjrate  limits.  The  water 
company  wiiich  supplietl  the  city  propr  derived  its  water  from  Si^c-tnik 
Creek  and  Btittemiilk  Creek;  the  University  was  supplied  hv  W 
Creek,  under  its  own  management.  The  watersheds  of  these  tkree 
creeks  art*  not  large  ami  they  are  more  or  less  thickly  populatei 
Abundant   opportunities  exist  for  direct  infection  of  all  three  creebj 


WATER  AND  DISEASE. 


385 


privies  and  authou^.^  \mng  j^ituated  in  many  iustiinces  within  a  few  feet 
of  the  bank;^.  On  8ix-njile  l^reek  alone,  aeeunJiug  to  l>r.  George 
A,  Siper,  the  prc^tiahle  .soureej^  of  iiifeetion  at  die  time  of  the  epideniie 
numbered  a  hnndn^d  or  more.  The  eonditions*  exi^ting  within  the 
watershed  of  Buttermilk  Creek  are  said  to  have  been  efiiuUly  bad, 
while  those  along  Fall  Creek  were  even  woh^e,  althimgh,  as  will  lie 
MM-n,  this  ,sQuree  of  t>iipply  ajjjK'arf^  noi  to  liave  been  specifically  [h»1- 
lutetL  In  adilition  to  the  usual  sourees  uf  contamination  of  the  water 
vl'  Six-mile  Crivk,  there  were  employ etl  during  November  and  part  of 
Deoember,  1902,  alNiut  60  laborers  in  the  ccuistruetiou  of  a  dam,  but 
t  aretul  inquiry  failed  to  show  the  existence  of  any  sickness  amoDg  them 
<luring  the  pericwj  of  their  employment. 

The  publie  supply  had  long  been  viewHl  with  suspicion,  and  many 
of  the  population  who  used  it  were  aeeustomed  to  l)oil  the  water  before 
drinking  it  Diarrhfeal  disturbances  and  a  mikl  form  of  typhoid  fever, 
known  as  *^  Itha<^  fever/^  had  for  many  years  been  very  common. 
During  Jatuuiry  and  Febniary,  1902,  it  is  said  that  there  were  nearly 
100  cases  of  tyjihojcl  tever  in  the  eity.  During  the  spring  of  that 
year,  repeated  hai'terirJogieal  and  ehemieal  analyses  of  the  water  of 
Six -mile  Creek,  taken  from  the  service  pipes,  yielded  resnlts  which 
indicated  dangerous  pollution ^  and  the  people  were  %varned  through 
the  newspapers  agiunst  its  use  without  previous  boiling.  On  January 
1,  1903,  several  cases  of  undoubtt^  typhtiid  fever  were  reported^  and 
thereafter  the  numlM^r  repr»rted  daily  inereasefl  in  such  an  extent  that, 
on  February  2,  there  were  no  fewer  than  237  ibises  under  treatment. 
By  the  middle  of  March  nearly  800  eases  had  lieen  rept>rtfd,  but  the 
actual  number  of  persons  afltTteei  was  undoubtedly  much  larger.  It 
is  asserted  that  mfire  tlian  1000  cases  existe<l  at  that  time,  and  that 
during  the  first  six  months  of  the  year  there  were  more  than  1300. 

Investigation  showe<l  ihat  those  infeete<l  were  users  of  the  water 
supplieil  by  the  water  eompany,  and  that  |>rat*tif.*ally  no  eases  fx»eurred 
among  those  who  drank  well-water  IVom  Fail  Creek.  Although  the 
UDiversity  was  supplied  by  the  latter,  a  large  proportion  of  the  student 
body  lived  in  hoard  in  gdiouses  supplied  by  the  com|iany,  and  among 
these  the  epidemic  found  many  victims.  Acconnts  as  to  the  number 
of  students  seized  are  very  variable,  for  a  lar^e  prttporlion  let\  ti *wn 
during  the  height  f>f  the  outbreak  and  were  sick  elsewhere  ;  but  they 
agree  that  several  hundrf^l  were  seized  and  more  than  40  died. 
According  to  Coville*,  aljout  200  students  had  typical  typhoid  after 
leaving  town. 

Although  it  was  evident  that  the  cause  (»f  the  disease  was  the  water 
of  Six-mile  Creek  and  perhaps  that  of  Buttermilk  Creek,  it  was  im- 
possible to  trace  the  original  infection  ;  but  the  head- waters  of  the 
former  drain  a  district  within  which  considerable  typhoid  fever  had 
l)een  known  to  exist  within  previous  years,  and,  as  has  l)een  stated, 
there  was  abundant  op|x>rtunity   for  any  infective   mati^^rial  to  have 
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reached  the  water  diirctly.  Furtliprmorr,  the  mte  of  flow  i.s  an  ^rreat 
and  the  total  volume  of  water  so  sn mil  that  Iiitective  matter  «lisohargt_<i 
into  the  head- waters  couhl  liave  reaehetl  the  |>iimping-st;ition  withm 
four  hours  ;  ntifl,  tliere  ]mng  hm  sturage,  it  could  have  been  delivered 
ic  a  lre«h  coiiditioo  t^o  the  conHumers* 

Asiatic  Cholera. — -This  disease,  which  is  endemic  in  ludia,  whence 
it  makes  periodiwil  exeursioiis  to  other  parts  of  tlie  wurld,  s<inietimf7* 
nio8t  widej^{>r('a*l  and  with  the  most  disastrous  rcsuhs,  is,  }>erlja[is, 
more  exclusively  than  typlioid  IVvcr,  a  wate^r-horoe  disease.  ^iiic*- 
the  discovery  by  K(k4i  of  the  exciting  cause,  and  the  detection  nf 
the  saint!  in  drinking-water  (hiring  epidemics  of  the  disease,  the 
older  thefiries  of  its  Tm^hod  of  sprend  havt*  Ixtni  iibandtme*!  save 
by  the  few  reiiiainiTi^  iidliL rents  of  ihv  '*  locjdi.st ''  theory,  whom 
not  even  the  facts  reveal ch!  thirin*^  find  after  the  great  epideiTne  of 
1892  can  move  irum  tlicir  (lo^^ed  attachment  to  the  creed  of  their 
revereil  teacher. 

I>nrin|^  tlir  course  of  the  witlespreiid  devastating  epidemic  of  1892» 
which  in  its  journey  from  the  valley  of  the  Ganges  through  Persia 
elaimetl  2O,0tH)  victims  in  Teheran  alone,  and  in  its  course  thrcm^li 
Russia  destroyed  215,157  more,  and  which  extended  through  Ger- 
niany»  Austria,  France,  Bi^lgrunu  Holluncl,  nod  even  tr^  the  harhurs  of 
the  Wcstrrn  Hemisphere,  no  nuMV  instruc  tive  examj>Ie  nf  the  connection 
InHween  the  disease  and  pi^llnted  w^ateratid  of  the  imnnnnty  eonferretl 
liy  the  use  of  a  pni'e  supply  could  have  beim  yielded  or  desired  than 
the  t^xjKTicnee  (*f  Harnhurg,  Alt<nia,  and  Wandslieck.  Tht^e  cities  ad* 
join  (me  another  st»  elosily  tijnt  there  is  no  visible  tine  of  demarkation^ 
antl  in  a  gengra [ihicjil  sense  they  may  b*'  reg-arded  as  tme  jilaee.  In 
one  important  resptx^t,  however,  the  three  [jhices  differ  very  materially  ; 
nameh\  their  public  wntcr  supplies,  "Wandslieek  was  supplitxl  with 
filtercil  water  from  a  lake  but  little  sul^jw't  to  pollution  ;  Alttma  drew 
UjMui  tlie  Kibe  at  a  piaut  Ijelow  the  eiitniuce  of  the  sewiige  of  ITanibiirg^ 
but  JiltercHl  the  water  through  sand  ;  Handun^g  used  uniiltet\d  water 
from  the  Elbe  above  the  city.  During  the  summer  of  18^*2,  or  l>et\veea 
August  17th  and  Octoln^r  23d,  Hamhnrg,  with  a  imputation  of 
64(^(NH»^  had  nearly  r7;(K)()  eases  of  cholera,  of  which  slightly  more 
than  hidf  terniinnttMl  fatally  ;  Altruia,  with  a  pojudation  about  a  tpiarter 
as  large,  had  but  *')fH*  cases,  or  onlv  one  -  thirty- fourth  as  nuniy  ( lOU  of 
these  art*  supjiose*!  to  hav^e  come  from  Ilandairg),  and  Wandsbeck  had 
pnietieally  none.  Very  notieenlile  wsis  the  fact  that  where  Hanilinrg 
and  Altona  come  together,  the  ILonhurg  sidt^  was  plentifully  spriukliil 
with  eases,  while  the  f*ther  was  eouipiinitively  inv  (w'e  Fig.  36),  and 
this  %vas  still  mom  partieularly  remnrkHl  along  a  certain  stret*t  that  for 
a  <listance  formed  the  bonndar\'  line,  in  which  the  luaises  on  the  Ham- 
bm'g  side  hnd  plenty  «>f  cases  and  those  opposit4"  hail  mmv.  Almost  as 
though  intendeil  for  the  purpose  of  miirlviug  yet  more  sharply  the  dis- 
tribution of  the  two  kinds  of  water,  it  hapiK'ncnl  that  a  grou[»  of  tene- 
ment houses  cm  the  Hambm^g  side  of  the  boundary  was  supi>Iii^l  with 
water  from  the  Altona  mains,  and  in  these  houses,  densely  ]>eopled  by 
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tilt*  laboring  t'las^s,  not  a  single  ciiso  ot^urred,  while  in   neighboring 
houses  t.h<*  iUst*iise  was   I'aging. 

Thus  we  have  a  nw^i  ehmiient  instan(*e  of  the  valne  oi'  san<l  filtra- 
tion, and  of  the  danger  of  uning  pnUuteil  j^ujiplies.  Hainljorg\s  iin- 
Hltercnl  water  eame  frr»m  above  the  etty,  uliile  Altona  had  to  de|^>ejid 
iipf^n  water  whieh,  bt'fore  Jx^ing  filtered^  liatl  receivetl  the  entire  s^ewage 
of  nic>re  than  threenjaarters  of  a  nullioa  imn>le.  The  initial  s]»rafic 
jjolhition  of  the  river- water  wa?*  traeed  baek  to  Russian  emigrants, 
henlefl  in  barracks  on  eaie  of  the  wharves  pending  their  enibarkati<ju 
for  the  Uidted  Stiites.  At  the  time  of  the  taitbreak,  there  were,  on  an 
average,  about  a  thoiLSiUid  i>f  these  [M*ople  on  hand  all  the  time.  Many 
of  them  eiime  from  <listriets  in  Russia  wliii-h  liad  btn^-n  and  were  then 
liutfering  t*everely  from  eholem,  and  all  %vere  well  supplitnl  with  dirty 
elothitig  and  Idjuikets,  some  of  whieli  they  washed  while  they  were 
being  detainud*      It   is   believed  that   among   tbe   tbotiijauds   that   had 
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Fortion  of  the  twiundnry  Uoe  between  Hamtiuiig:  ajifj  Altona,    The  dote  lndiCAU»  chmmi  of  cholerft. 

an^ivetlj  thert*  must  have  bt^n^'U  sunie  mi!d  eases  (►f  the  disease,  or  at 
lea.st  isome  eonvale.seent8  with  (*holem  germs  still  in  their  evacuations 
two  or  three  weeks  after  recovery.  All  tif  the  sewage  matters  of  ever>' 
des4'ription  from  these  people  were  discharges]  directly  into  the  river  at 
the  wharf. 

With  the  exception  of  a  few  straggling  cases,  then*  was  no  choleni  in 
either  of  the  two  cities  from  October  2 -Id  to  l)et*enibcr  lUh,  when  a 
snudl  outbreak  occurred  in  Hambuj^.  This  reached  its  culminating 
[loint,  5  ciiscs  in  one  day,  on  the  26th,  and  then  the  flist^ise  i)cgan  to 
reap[>ear  in  Alton u,  but  undiT  veiy  difterejit  conditions  fnnri  those 
which  chaniet<>rize<l  the  cpidciine  iu  August.  Of  the  500  casci?  which 
then  occnrretl,  alKJUt  400  were  et>nnected  in  one  way  or  another  with 
Hamburg;  but  in  the  later  outbreak,  most  (*f  tltc  patients  were  of  the 
vvcll'tn-du  class  af  workmen  whtJse  iM-eujiation  difl  not  call  them  to 
Hnminirg — wr»nu'n,  young  chiltlr<'n,  inmates   of   hospitals,  and   others 
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luiving  tiij  niL^^nn  tf»  gn  i\wn\  roiisuhation  of  the  records  of  bac*- 
t<*riologicaI  examinaticm  (jf  thr*  Altonii  HltertMl  water  showed  an  incrieaj=*' 
in  ihv  first  wrc'k  of  DfrenilKT,  and  iisrnin  in  tlu*  lust  days  of  that 
jnniitli,  iin<l  at  intervals  in  Jaiiyarv,  wliic  li  iiidirattnl  that  some  dii^turb- 
ixnvv  must  huvr  ureiirrcil  in  tht*  wiirkiiifj  of  tliu  filters.  Iiivc^ti^tion 
.showed  where  the  fault  lay,  and  also  its  nature  :  the  surface  of  tJie  8UIkI 
had  l>L*t4i  frozen  under  the  mud  layer,  and  had  tliawed  over  only  a  [>art 
111'  its  area,  so  tliat  the  wlaile  work  *\i*  tlie  filter  was  thrown  upm  ii 
jiart.  The  inipt  rfeet  wtirking-  in  early  l>eei*niher  wa^  not  follnwecl  bv 
t^holeni,  for  at  t!iat  time  the  river  was  praetieally  free  from  the  geruLs. 
1lien  e^nie  the  i\^\\'  new  eases  in  Hamburg,  27  in  imnil>er,  aiicl  rein* 
ter^tiou  of  the  Elbe,  foUtiwtHl  hy  faulty  working  of  tlie  Altomi  filtet's, 
:Hid  ciiiis<H[uent  distrihution  r»f  a  small  annMint  (»f  inft*<*tive  material 
tlin>ugh  the  water  mains.  The  i>rgiuiisms  were  fiinrid  \u  the  water  ju^t 
l»elow  the  month  c*f  tlie  main  sewer  of  Hjuidairg,  and  also  in  one  of 
the  settling  basins  of  the  filter  plant,  where  the  water  strxxl  prior  t«» 
delivery  to  the  be<ls. 

Til©  Propagation  of  Cholera  in  India. — As  has  been  stati"<l,  the  li<»nie 
of  eholera  is  IndiLij  and  hi  loug  as  tJie  natives  are  faithful  to  tbeir 
religion  and  to  the  observance  of  cJd-t^tablished  customs,  just  so  km^ 
will  that  eountry  sup[>ly  the  rest  of  the  worhl  witli  (M'casional  infec^tioii. 
Cousiderin^  the  extrenu^  euuservatisn^  ttf  all  i'lasses  i>f  Ea^t  In<lians  and 
the  national  rev(»renee  of  the  liiud<H»s  for  Imly  plaees,  it  may  be  safe 
tf*  {>rediet  tliat  before  any  marker!  ehange  for  the  better  is  aee!i>m|iIi*-lRHl, 
the  rest  of  the  eiviliztH]  work!  will  have  advaiicetl  so  far  in  jfaii ita ry 
art'aii's  that  cholera  will  be  fwin'd  no  nion-  than  varieella.  As  illnstriitivt* 
of  what  sanitary  rt^brin  in  India  wimld  have  to  enenunter^  the  fnl low- 
ing: extraets  from  the  ri'imrt  of  Dr.  Sininions,  tpiotetl  hy  Professor 
I\Iason,  will  lie  found  of  interest.  It  may  be  statcHl  by  way  of  ex- 
]vlanation  that  Orissii,  lielow  mcntione<k  is  a  province  covering  more 
than  24^0rMJ  square  mill's,  every  part  of  whieli  is  holy  ground.  Every 
tn\vn  eoiitains  eonstM-ratc^l  land  and  is  fillet!  with  teni|>lesj  and  every 
little  liandet  has  its  shrine. 

"  The  tlrinking-water  supply  is  derived  fiNun  wells^  so-eal!nl  *  tanks  * 
or  artificial  |>onds»  and  the  \vater-eran*s4:»s  *>f  the  eountry.  Tlie  wells 
g^'uerally  reseinbh*  thr»st'  iu  other  parts  t»f  Asia.  Tlie  tanks  aiv  ex*ni- 
vation,*?  made  fnr  the  |>nrp<ise  of  eollei'tiug  tlie  siirfaee-water  during  the 
nuny  season  and  storing  it  np  for  the  dr}\  Neces^^arily  they  are  mere 
stagnant  pools.  The  water  is  uswl  not  (inly  to  tpieneh  thirst,  but  is 
8a id  t(*  Ivc  drunk  as  a  saerKl  duty.  At  the  same  tiiucj  the  i"es<*rvoir 
serves  as  a  large  washing-tul>  tVir  ehitbes,  nu  ruiitter  how  iliity  or  in 
what  soikil  eouditifm,  and  for  jxTsonal  bathing.  Mtuiy  of  the  water- 
courses are  sacred;  not;d)ly  the  danger,  a  river  1,*>00  miles  long,  io 
whose  waters  it  is  t!ie  religitaisdutv  for  nullicuis,  not  only  of  thtise  living 
near  its  banks^  but  f>f  pilgrims,  tr>  bathe  and  to  east  their  dead. 

**The  Hindoo  cannot  l>e  made  t»»  use  a  latrine.  In  theeilies  ticMligs 
u  hole  iu  his  hahitiititai  ;  in  the  eountry  he  stH*ks  the  tieldsj  the  hill- 
sides, the  banks  of  stn^ains  and  rivers,  when  obliged  to  obey  the  calls 


WATER  AM)   DISEASE. 


389. 


of  nature.  Hpnoe  it  is  that  ihv  virinity  vf  Umn^  and  the  hanks  of 
the  tanks  ami  wator-t'cunvL"^  are  ivekin^  with  tiltli  of  the  worst  de- 
.^eriptinu,  whieli  is  nf  neees^ity  washefl  iato  tlie  |>iihli<!  water  ?^np|>ly 
with  every  rainfall.  :V<hl  U*  this  the  misery  *\(  ]n]^rhns,  their  jjoverty 
and  disease,  anti  tlirir  terrible  emwdiii^  iiit<i  the  ninr)er*His  tnwnn 
whieh  eontidii  MHiie  ti^niple  (*r  sjirinej  the  objt'et  <if  their  devotinn, 
and  we  «in  srn*  hnw  Indiii  has  Ijeeuiue  and  reniaius  the  hut-l»ed  vi^  the 
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^*  III  the  Unite^l  Stiites  nHitnal  rrpf^rt,  tlie  ltnir«»rs  iiic^iilent  njmn  tlie 
pilg^riniages  are  detailnl  with  a]>]udlinir  niinulriirss.  W.  W.  Huirter, 
ill  his  Orisj^,  j^tates  that  24  lii^li  testivals  take  |)law  annually  at  Jng- 
4renimit.  At  one  ai'  thetn,  ahimt  Easter,  40,<XH)  jktsoils  indulge  in 
hemp  and  liasiiet'sh  to  a  shiK  kiu^^  de^rtH'.  For  weekn  before  tlie  t^r 
festival  in  Jnne  an<l  Jnly,  piij^rinis  eonie  troopintsf  in  Vjv  thousands 
ever\'  day.  They  are  ttnl  by  the  temple  etiok.'^  to  the  number  of 
90,(M)0,  Over  100^000  mi*n  and  wonien^  many  of  them  nnaceiistomtM.! 
to  work  or  exposniY%  tug  and  stniin  at  the  ciir  until  they  drop  ex- 
hanstod  and  hluek  the  roiul  with  tlieir  bodies.  During  every  month 
of  the  year  a  stream  ot' devok-os  th>ws  ahm^  the  irnat.  Orissa  r<*ad  fniin 
(alentta,  and  eveiy  village  for  three  hundre^l  joiles  has  its  pilgrim 
enrnmipnients. 

**  The  i>eople  travel  in  small  bands,  whieh  at  the  time  of  the  great 
feasts  actually  toui'li  eneh  otluT.  Five-sixths  of  thr  whole  aiv  females, 
and  95  ]wy  vvnt  trav*;!  im  foot,  many  of  theui  marehing  hundreds  and 
even  thousands  of  miles,  a  ecmtiugi^nt  having  Ix^en  drummed  \^^  from 
everv'  town  or  village  in  India  by  one  i»r  iither  of  the  thi^ee  thonsjind 
emissaries  of  the  temjjie,  w|j<^  iHe^mr  the  efnintry  in  all  dircH-tious  in 
setireh  of  dui»es.  When  tliose  pilgrims  wh*!  Iiave  not  tiled  on  the  roail 
arrive  at  their  jounipv^s  t^ud,  emaeiated,  with  iW^t  Iround  uj>  in  nigs  and 
plastered  with  mud  and  dirt^  they  rush  into  the  saenK>  tanks  or  the  siii, 
ajul  einergi'  to  dress  in  elean  giu'ments.  Disrase  and  death  make  havoc 
with  them  during  their  stay  ;  eorj *s«/s  arc  buried  in  h«>les  seoo[>i'*l  iu  the 
sand,  and  the  Inlhu'ks  are  eown-d  with  hours  and  skulls  washed  from 
thrir  shallow  graves  by  the  tropieal  rains. 

**The  temple  kitehen  has  the  monopoly  of  eiHiking  for  the  multitude, 
and  provides  fotni  whieh,  if  fresh,  is  not  uuwh(jles(tm(\  I'niiappily,  it 
is  preseutiHl  beforr  Juggi  rnaut,  so  bceouiing  too  siiered  tbr  the  miunttst 
pi»rtion  to  be  thrown  away.  I'ndor  t\w  inlineuee  of  the  beat  it  soon 
imdergfK^  l>ntrefaetive  fermeiitatiun,  and  iu  forty-eight  hours  mneh  *>f 
it  is  a  loathsome  mass  unfit  for  Imman  fotwl.  Yet  it  forms  the  ehief 
susteuanc*e  of  the  pilgrims,  and  is  the  sole  nourishnujut  of  tlninsands 
uf  beggiirs,  Some  rtur  mtts  it  to  t!ie  very  last  grain.  lujnrions  fo  tlie 
n (bust J  it  is  deadly  to  the  wc^ak  and  wayworn^  at  least  half  of  whom 
rt^aeh  the  plac^e  suffering  uud^r  >*»mi'  form  of  Imwel  complaint.  Biidly 
as  they  are  fed,  the  poor  wrrtt^lies  are  wcu-se  lodgf^b 

"Those  wh<»  have  the  temjn*rary  shelter  oi'  four  walls  are  hotised  in 
hovels  linilt  u})ou  mud  platforms  about  four  fin-t  high,  in  the  tn*nter  of 
each  of  wliieh  is  the  hole  wbit^i  retvives  the  ordure  of  the  houseb^ ' ' 


390  WATER 

and  around  which  the  inmates  eat  and  sleep.  The  platforms  are  ooverel, 
with  small  cells  without  any  windows  or  other  apertures  for  ventihtmi^ 
and  in  these  caves  the  pilgrims  are  packed,  in  a  country  where,  daria|^ 
seven    months  out  of  twelve,  the    thermometer  marks    from  85**  It. 
100°  F.     Hunter  says  that  the  scenes  of  agony  and  suffocation  enacted 
in  these  hideous  dens  baffle  description.     In  some  of  the  best  of  them, 
thirteen  feet  long  by  ten  feet  broad  and  six  and  one-half  high,  as  nuuiT 
as  eighty  persons  pass  the  night.     It  is  not,  then,  surprising  to  leara 
that  the  stench  is  overpowering  and  the  heat  like  that  of  an  oveo.  Of 
300,000  who  visit  Juggernaut  in  one  season,  90,000  are  oflen  packed 
together  for  a  week  in  5,000  of  these  lodgings.     In  certain  seasons, 
however,  the  devotees  can  and  do  sleep  in  the  open  air,  camping  out 
in  regiments  and  battalions,  covered  only  by  the  same  meagre  cottoi 
garments  that  clothe  them  by  day. 

"  The  heavy  dews  are  unhealthy  enough  ;  but  the  great  festival  falb 
at  the  beginning  of  the  rains,  when  the  water  tumbles  in  solid  sheets. 
Then  lanes  and  alleys  are  converted  into  torrents  or  stinking  canabs, 
and  the  pilgrims  are  driven  into  the  vile  tenements.  Cholera  invariaUj 
breaks  out.  Living  and  dead  are  huddled  together.  In  the  namerous 
so-called  corpse-fields  around  the  town  as  many  as  forty  or  fifly  bodia 
are  seen  at  a  time,  and  vultures  sit  and  dogs  lounge  lazily  about  gorged 
with  human  flesh.  In  fact,  there  is  no  end  to  the  recurrence  of  inci- 
dents of  miserj'  and  humiliation,  the  horrors  of  which,  says  the  Bi^bop 
of  Calcutta,  are  unutterable,  but  which  are  eclipsed  by  those  of  the 
return  journey.  Plundered  by  priests,  fleeced  by  landlords,  the  mr- 
viving  victims  reel  homewanl,  staggering  under  their  burdens  of  putrid 
food  wrapixnl  up  in  dirty  clothes,  or  }>acked  in  heavy  baskets  or  earth- 
enware jars.  Evorv  stream  is  flooded,  and  the  travellers  have  often  to 
sit  for  days  in  tlie  rain  on  the  bank  of  a  river  before  a  boat  will  venture 
to  cross. 

"At  all  these  ]X)ints  the  corpses  lie  thickly  strewTi  around  (an  Eng- 
lish trav(»ller  counttH:!  forty  close  to  one  ferry),  which  accounts  for  the 
]>revalence  of  cholera  on  the  banks  of  brtK>ks,  streams,  and  rivei\ 
Some  poor  creatures  drop  and  die  by  the  way;  others  crowd  into  the 
villagers  and  haltiii^-])laces  on  the  road,  where  those  who  gain  admit- 
tance cram  tlie  lo<iging-j)laci's  to  over-flowing,  and  thousands  pass  the 
night  in  tlie  streets,  and  find  no  cover  from  the  drenching  stomiJ*. 
Groups  are  hiul(lle<l  under  the  trws ;  long  lines  are  stretched  anion? 
the  carts  and  bullocks  on  the  nuidside,  their  hair  saturated  with  the 
niiul  on  which  they  lie ;  hundreds  sit  on  the  wet  grass,  not  daring  to 
lie  down,  and  rooking  themselves  to  a  monotonous  chant  through  the 
lon^  hours  of  the  dn^arv  ni^lit. 

**  It  is  impossible  to  coinput<»  the  slaughter  of  this  one  pilgrimage- 
Bishop  Wilson  estiniat<«s  it  at  not  less  than  50,000.  And  this  descrip- 
tion mijifht  he  used  for  all  the  great  Indian  pilgrimages,  of  which  there 
are  ])rohal)ly  a  dozen  annnally,  to  say  nothing  of  the  hundn'ds  oi 
smaller  shrines  scattered  throngh  the  i)eninsula,  each  of  which  s^^" 
tracts   its  minor  hordes   of  credulous  votaries.     So  that  cholera  n^^ 
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mt   o|>[K>rtmiitie8i   for  sjiriiKliii^   over   the  whole  of  HindosUm 
j'ttur  by  maivy  hujy:*:'  armies  of  filthy  pitgrims  ;  aud  the  eouutry 
well  ile^erv'ert  the  reputation  it  uui verbal ly  potJ.seftses  of  Imng  the 
bplace  and  settled  home  of  the  malady," 


Parasites  and  DrinMiig- water, 

is  abundant  evjdeuc5e  of  the  agency  of  drinkiug-water  in  the 

of  e«^rtiiin  of  the  animal  parat^ite.^,  but  with  respei't  to  certain 

rs  the  thiuger  is  much  over-mtc^l  (ta)K'-worni.H},  or,  indeed,  iinag- 

(triehiiJie). 
uund  wnrm.s,  Ascaris  lumbricoidea,  uudoulitcHlly  are  sf)niid  in  part 
uten     The  female  deposits  eniirmcms  numbers  of  eggs  in  the  8mall 
&tine»  and  theism*  are  exjielled   in  the   fieees,      Wliether  the  freshly 
arged  egg"^  are  cajmbte  of  re|»nrthu:iug  tlie  worm,  is  a  matter  of 
t;  hut  it  seeniH  probable  that  the  intervention  of  another  host  is 
essar%'.      Wherever  this  |Mirasite  is  known  to  prevail  extensively,  the 
jjeuple  use  i>olhiteil  water  for  drinkiug. 

Pin  worms,  or  seat  worms,  O^ymis  vermlcularis,  are  spread  ])rnbably 
bj*  water.  They  lotsite  in  the  eiecum  and  upjx^r  colon,  where  the  female 
d(*|M)sit^  egg«  in  large  numbers,  which,  reaching  a  w^ater-supply  after 
Wng  ditichargixl  through  thi'  Iniwel,  may  W'  taken  into  the  stomach, 
where  the  envelojx*  of  the  embryo  is  disiiitegratcMl  by  the  gastritr  juice. 
Tl«'  larva?  develop  in  the  small  intestine  and  come  to  maturity  in  about 
four  weeks. 

(riitnea  worms,  Dracunciilus  mediEeasia,  are  said  to  invade  the  body 
thnni^^h  t[je  skin  during  bjithiug  or  through  the  stouuieh  in  drinkiug- 
H'ater;  tfje  evidence  of  the  latter  metliijd  is  <h'tiuite.  In  the  stomach, 
ik*  embryns  are  develo|M^l  nijndly,  aud  soon  the  impregnated  female 
proceoils  from  the  alimentary  eanal  to  the  subcutaneous  tissues  in  various 
imTt"*  of  the*  bcxly,  where  shi>  (inally  breiiks  through  the  skiu  and  esciipi's. 
Tin*  living  embryos  which  are  thi'ii  lilvera ted,  finding  their  way  into 
ftvhh  wati*r,  enter  the  l>odies  of  the  ctjmmon  iresb-water  Hea,  t^c/o/M 
futtirirorntji^  which  acts  as  tlie  intermediate  host  and  conveys  the 
organism  tf>  the  human  stornaeh.  In  a  case  report-cxl  by  Dr.  Jolin 
rjittrrson,*  the  fia tie nt  hail  an  abscess  on  the  upper  part  of  the  M\  tiinn, 
^mi  whi<*b,  wfieu  it  was  exei-*e<l,  a  jMvrtion  (4  inches)  of  a  worm  was 
^n<>v<xh  Ijiiter,  he  had  an  abscess  and  sinus  of  the  left  adf,  followed 
^ka  swelling  back  of  the  inner  malleolus,  and  in  this  a  portion  of  a 
^^»rm,  25  inches  in  length  and  ilevoid  of  a  head,  was  tVaitid,  Dr. 
J'Mwiml  Francis^  ha*l  under  observation  for  six  weeks  at  the  IT.  8. 
fmmigmnt  Hospital  (X.  Y.),  a  native  of  the  tiuld  Cuast,  who  arrived 
iJuiie,  1901,  with  a  history  of  having  been  troubltxl  with  tliese  [mnt- 
i  during  the  preee<ling  thre<^  months.  During  his  stay  at  the  hos- 
five  worms  ap|>eareil  :  one  on  the  fmut  of  the  right  ankle,  rme  on 
tlorsum  of  the  right  foot,  one  on  the  front  of  the  Jell  ankle,  ooe 

*  Medical  IkHxircl,  Otober  7»  1899. 

*  American  Medici ne,  October  26,  1^1. 
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Ik'Iow  th('   lert   extt^riial  iniilkM>liis,  unci   nne  on  the  floi'sum  of  the 
J'iK>t,  ijwir  the  ttx^.     One  w(»nii  piVM-iitiHl   2<>  int'lit^s  in  om*  [iikv;! 
others  mea>iijred  10  to  18  inches,  lint  were  removeil  iu  pieces 

Whip  wornih,  Trichocephaliis  dispar*  which  aiv  said  to  be  extl 
common  iu  Piiris  loiil  hhhc  uthcr  plares  outside  tlie  triipi«'j?,  are 
wliolly  by  water,  without  whicli  the  enihryo  eannut  develop  within  t 
egg.     Taken  into  the  ^tomuch,  tlie  envehii>t'  h  disjiolved  and  thr  liUi 
att^l  larva  attaehej*  itself  to  the  wall  of  the  intestinej  where  il  pn 
very  slowly  to  develop.      It  dm\s   nut  reneli  full  niatiirity  uutil  ah 
year  has  elapseih 

Hlaria  sanguinis  hominis,  the  jiara site  which  pnnhice^s  chyhiriii,h« 
tochyhiria,  and  elephantiasis,  is  helicval  to  find  its  way  into  the  ^j«fl 
through  water  contaminatctl  by  niOKjuitm^s  whicFi  have  sucktJ  the  bill 
of  [»ersons  sntTering  from  tin*  jKimsitc.  The  adnlt  female  prtMliut'^i 
enormous  nunilier  of  minute  eml>ryos,  which  |mss  int<»  the  bl<Mxi;  i 
when  tliese  are  taken  into  the  stoniaclx  itf  the  Uiosqiiito,  they  wa 
to  other  |>ai1:s  of  the  insect,  ^\'here  they  liecome  farther  developed,  3 
later  may  l>e  tninsterrcd  t4>  water,  through  which  they  are  Ijclieved  to 
pass  into  the  human  stomach,  where  ihv  cyi'lc  is  completed.  Thii*  puni- 
site  is  not  confined  wholly  to  the  tropies^and  occasionally  is  seen  iinmr 
Soutiiern  .St;itcs.      (See  Chapter  XI L) 

Bilharzia  hiematobia,  the  rause  of  a  jK'i'idiar  ha^niaturia  common  in 
parts  of  Africa,  is  lielievetl  by  many  to  l>e  tninsmittcfl   by  drinkijijr- 
water  contaminatui  by  the  urine  of  jversons  snftcring  with  the  i^  - 
The  embryos  ]>rol«tbly  enter  the  system  of  some  other  OI^nisIU^, 
play  the  part  of  intermediate  hosts  and  advance  theii*  development  ow 
etagt\ 

Ankylostamum  duodenal©  (tTncinaria   duodemalis),  the  cause  of  tbe^ 
auicmia  formerly  suppos^nj  to  be  jieculiar  to  miners  and  others  eni*^ 
iji  underground  operations,  was  until  recently  Injlieved  to  be  disseminsitl 
chiefly  by  polluted  water  ;  but,  as  has   been   said  iu  the  considenUT 
of  the  relation  of  s<jil    to   disease,  this   idea   is  no  longer  teuablej 
chief,  ii"  not  tlie  only,   source    of  iniVction  iH^ing  &rn]  jKdlutcd  l>v  1 
intcstiiial  dtseliarges  of  those  almidy  intt'ctc<l  with  the  parasite* 

Strongyloides  intestinalia,  the  j parasite  of   an    endemic   diarrhtea 
Cwhrn   China,  tirst  dcscribeH.1  by  French  inve^tigatonB   who  diseoverf 
its  rhalRlitiform  embryos  in  the  st<MjIs  of  soldiers  returning  fnna  Cbif 
in  1870,  was  found  iiy  Ferroncito  tu  occur  in  association  with  Anh 
iomiiin  (iimfhitf^fe  iti  the  <lischarges  of  labtirers  atllictiHl  with  ''  St.  Gollia 
tunnel  anieniia^',  has  been   reported   in  various  count ries  of  Europe,! 
Egyj>t,  Brazil,  the  Indies^  and   Philippine  Islands,  and  within 
years  io  various  jnirts  of  the  United  States.      According  to  Dr.  M. 
Price  \  the  occurrence  of  eggs  in    the  stiK>ls  is  very  rarely  oliH^rvl 
unless    there   coexists    an    uncinarial     ini'ection,    and    the    parasit*' 
]>n:jbably  introduced  by  way  of  tlic   mouth  as  the  filariform  embr 
though  infection  of  animals  has  l>een   pmduced  by  means  of  the  eg^ 
He  believes  that  the  vehicle  by  which  the  panisite  gains  access  to  1 
*  Jouraal  of  tbc  American  Medical  Aifitociaiion,  September  12  smd  19,  1903 
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IS  frequently  the  drinking  wator,  htit  that  fro.^h  vq^etaMes  fmm 
rmiQured    witli   Ijuiiiaii   i?xt^TeUi    play  a   part.      It   is  the  heHef  nf 
that  the  geographit-al  ilistrihiitioii  of  t]w  jmrasiti!   in   this  cuiintry 
le  foimd  to  ctiri*ei>|)yud  to  that  of  imciDaria. 

ICE. 

is  a  c'oiiiinMii  idea  that  kk^  is  iiowssarily  pnrt%  iMH-aiisc,  in  tVeeziotj^ 
U*T  puritu's  itsoHV*  let*  may,  hi>\vevcT,  he  tjuilc  a.s  im|mre  as  the 
inn]  water  or  very  piire^  aiM'nrdiii^  In  rireivnistanres.  The  tirst  fi^r- 
ion  is  4uite  likely  to  contain  impurities,  sneh  as  the  dost  and  tether 
rs  flouting  *m  the  surface.  Under  ordinar^^  eciiiditions»  the  ini- 
itie^  will  \w  liinitiMl  tu  this  laycr^  fur,  in  the  L^^f^wth  iifthe  ice  tVoni 
e  down  want  all  hut  iraees  t*f  {Ussolved  std>stanees  ami  praetieally 
if  the  suspK'ndtAl  matters  are  exehided. 

ice  rimy  lieeonit*  impure  in  sevenil  ways.  If  snuw  tails  upon  it  imd 
mies  wet  cither  Ijy  rain  or  hy  \vatcr  fn>m  ht*lc»w,  and  then  freezes 
lje«'()nie:^  |xirtof  the  ie^',  it  will  innit^iin  all  thr  inipnrities  which  have 
Wji  washnl  out  c>f  the  air.  If,  wlvile  the  iee  is  thin,  hcrles  are  cut  so 
«J*  to  jiennit  flomling  tri>ni   ljeh»w,  it  will  contain  all   the  inipurities  of 

t  water.  Cut  frirtii  shalhiw  pomls,  it  will  he  [mre  or  impure  aotninl- 
to  the  (piality  of  the  water  and  the  de|»th  to  whielj  it  frwzes.  Water 
11  such  |MMids^  if  ptillutiHl  by  surface  washings  i»r  sewage  matters,  is 
1y  t4>  yield  iee  whielj  when  melti^l,  will  give  o^' otfensive  odors. 
[%  is  a  Ciirnnion  belief  that  bieteria  are  killed  iu  ice,  but  many 
ficties  will  ivtain  their  vitality  in  it  for  a  very  long  time.  As  early 
iHTl,  Banhin  Sjiudersoa  showinl  that  even  the  |)nrest  ice  is  likely 
wmtain  them  in  some  dej^^rtH*.  (.1iantem«'sse  ami  W'idal  proves!  in 
2.  Pnidden  in  1M87,  and  Hiehe,  Fhinkel,  and  others  at  different 
«,  tliat  |>athotytMiie  bacteria  may  maintain  their  vitalitj^  to  a  stir- 
^Mi\^  dcjLfree  in  m.\  ami  that  tlie  baeilhis  of  ty|ihoid  fever  is  iwiiiieu- 
lurlr  resistiuit,  Pruddcn  '  showed  tliat  ive,  made  from  water  which 
ODObtinefl  them  to  an  innumerable  extent,  yieldKl  at  the  expinitioa  nf 
\^  Jay.H  no  less  than  7,348  jxt  cc, 

Kaeteria  are  n'sistant  not  only  to  the  ordinary  tow  t<'m|>emtnre  *>f 
^%  f«ir  Pietet  and  others  have  provrnl  that  even  tlic  <*xtraonlinary  cold 
ff  linuefiHl  air,  — 31. l'^  F.^  is  ac»t  suthi*!ent  to  destrov  tliem.  On  the 
o«b(T  hand,  StxliTwiek  and  Winshnvr  W\  H.  Park,Vand  H.  W.  Mill,' 
»hi»  have  ma*le  inde|>tMidpnt  investi^rjitions  of  tlie  |M»ssible  danger  ot' 
^  a-H  a  aiuse  of  outbreaks  of  tvjthoid  fever,  agrtM'  that  it  is  l>iit 
*"li;fbt.  SHijjiwiek  and  Winslow  found  tliat  the  bacilli  jw^rish  ra|)idly  ; 
'*^*  [jer  cent,  at  the  erjd  of  the  lirst  \v<:^^k,  !M)  jwr  cent,  in  two  weeks^ 
^i  practic!ally  all  (2  or  S  in  HHH)  remainefl)  after  twelve  weeks.  It 
^  fumitiHl  out  liy  the  several  ob.'^Tvers  named  that  tlte  majority  of 
■^ctoria  in  water  are  eliminated  in  the  process  of  fnx'zing  ;  that  the 
"'•jority  of  thome  ineludtil  ilie  within  a  tvw  wi^^ks  ;  that  the  bacteria 

*  MwJit-al  Reciml,  Murcli  2t\  ISST. 
'   \lMract  in  Ufvtie  S<  iiiitifi-jiii%  Aitril  2H,  I^N>0. 
'  Jiiiinml  of  the  lioHtun  Sorietv  of  Mediotl  Sciunt'es,  1V.»  p.  213. 

*  iJoHton  Medical  and  Sijr*Tic:il  .loiin^at,  November  21,  Iwl. 
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in  ice  are  commonly  harmlei?s  in  character;  and  that  cities^  whidii 
icje  from  ptilluted  streams  (e.  g,^  New  York,  Lowell,  Lawrem^e)  \ 

apparently   none   at  all    thercfruni.      The  State   Boanl  of  Health 
Ma;*sacliusetts  ♦says  (Annual  Report  for  1900),  c^onoerninif  the  batHefid 
content    of   the    domestic    supply,  « In    not   one   instance  of  the 
freezing  of  ordinarily  poUutcnl  water . , . .  have  we  been  able  to  find  £j 
in  the  ice  formed/' 

lie^cent  experience  at  0^dens}>urg,  X,  Y»,  seem.*^  to  indicate  that  id 
taken  iVoni  a  fM^llnted  riv^er  having  a  fairly  rapid  flow  in9i\%  however, If 
a  souret^  of  danger.  In  Octol>er,  1 902,  at\er  almixst  total  freedom  f 
tyjihoid  fever  tor  nearly  two  yearsi  an  outbreak  occurred  amoo^  I 
inmates  of  the  St,  I^wrenee  State  Hoi^pital,  the  water-supply  of  whid 
was  Vieyond  reproaclu  The  attack  was  purely  local,  other  users  of  1 
water  not  l»eing  affected.  The  [>«»ssibiHty  of  infection  from 
sources  having  been  eliminated,  attention  was  directed  to  the  ice, 
it  appearetl  that,  about  six  days  bc^fore  the  development  of  the 
■cases,  a  new  supply  takt-n  fnjm  the  St.  Ijawrence  River  and  _ 
for  m<»re  than  seven  months  had  iieen  brought  into  use-  Sjiecinien?:  rf 
the  ice  yiehJ  a  lilack  sediment,  which,  on  examination  by  Hutcliinp 
and  Wheeler,'  was  found  to  conUnn  Imcilli,  cultures  of  which  respc^ndwl 
to  the  tests  for  IL  fi/phmuj<^  including  clumping  when  trrate<l  witi 
^erum  from  a  typhoifl  [mtient. 

Artitirial  ice  is  frozen  in  liliKi-ks  of  the  size  and  shajM?  t»f  the  tank> 
in  which  the  water  is  held.     As  the  entire  mass  of  wat<*r  in  e.'teJj  tatit 
is  frozen,  it  natumlly  must  contiiia  in  its  inner  jKirtioOy  which  Is  tlie 
hist  to  freeze,  all  of  the  matters  originally  ctmtaiue*h      T*ules^  the  >vatfT 
irstMl  is  pure  and  cnlorlessj  the  st*e  will  not  lye  ofgiHul  ipialttyf  an<l,  jiar- 
tifularly  in  tlu'  eeut+'r,  will  n<;t  be  of  goiw!  ap|X"sinin(M*,     \Mien  colorpil  «>f 
impure  water  is  used,  it  is  a  common  practiet'  to  remove  the  impuritie'^ 
and  coloring  matters  by  tupping  the  ci-nter  before  the  freezing  pn>ce!v* 
is  eomplctnl,  and  drawing  oft*  the  liijuid   in  which   they  have  h*" 
coucentnittH],     On  aceouut  of  the  possible   retention  tA^  |jart  nr  ;i 
the  containeii  impurities  and  bacteria  of  the  water  fn>m   which  it  i* 
made,  artiticial   ice  should  Ix*  manufactured  only  from  distilled  water 
or  from  natiiml  water  of  the  highot  ih^gree  oi*  purity. 


CHEMICAL  EXAMINATION  OF  WATER. 

Collection  of  Samples*— In  taking  siuuples  of  water  forehemicJ 
^ina lysis,  great  care  is  necessary  in  orrler  to  secure  specimens  which 
shall  Ik^  fairly  representative  of  the  supply  under  investigatiom  TIk^* 
sliunld  be  taken  only  in  clean  glass  bottles  or  demijohns  of  i'rom  W* 
a  gallon  to  a  gsillon  ra|iacityj  and  never  in  stone  jugs,  tin  cjins**'' 
womlen  kegs.  The  tx'st  tbrni  of  lx>ttle  has  a  glass  stopj>er,  hflt  * 
jH'rfectly  clean  eork  is  unobjectionable.  In  spite  of  direc*tioaf  wof^ 
<'art^iully  given,  one  often  st-es  s|xtnniens  sent  in  stone  jugs  sl<fl**^ 
with  wmi^ien  plugs  wrapped  with  old  cotton  mgs  or  pieces  of  rif^"*' 
^  Americ&n  Joumiil  of  the  Medicsil  Sciences!,  October,  lfK>.%  p.  680. 
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paper  to  ^ecm^e  a  tighter  tit,  an<l  s(>mi*tiitji\s  smeart**!  with  shnt'niakers' 
yvAXf  pitfh,  or  even  tuHuw.  Aiialysi?^  of  such  speeUiiens  is  liki^lv  to 
give  result'^  uf  uo  value  whatever,  for  it  Bhoiild  he  rememl>erc»tl  tljat  we 
are  deiiliiig  with  excei'dingly  small  amumits  of  amoionia  and  other 
pruducts,  and  that  anything  short  of  absolute  cleaoliness  of  recep tildes 
iutriKliiees  eiTor. 

The  hottie,  supposedly  clean  at  the  start,  should  be  rinsed  thoroughly 
with  the  Avater  to  be  sampled,  then  filled  to  the  neck,  and  securely 
8to[TpereiL  If  the  sample  cranes  from  a  pump,  the  barrel  of  the  lalter 
should  l>e  emptifMl  completely  of  the  wnter  which  has  been  sUindin^  in 
it  for  any  length  of  time  ;  if  from  a  [lipe,  the  water  should  l>c  alio  win! 
to  nin  to  waste,  until  the  whole  of  the  original  contents  has  esca|K'<l  ; 
if  from  a  pond  or  other  body  of  water,  the  l>ottle  should  Ik*  |>lungi:^d 
*!uffieiently  far  Innieiith  the  surface  to  avoi<l  the  entmne*^  of  floating 
matters,  and  at  a  j^ntlicient  distance  from  the  banks  to  avoid  mattci's 
that  hug  the  slu>re. 

After  tlic  simiple  is  secured,  as  little  time  as  jwssihie  shtvuld  elap*^ 
l>efore  l>egiutjing  the  analysis,  because  of  the  nipidity  with  which 
-changes  occur  iu  the  organic  matters,  ammonia,  nitrites,  and  nitrates. 


Determinatioii  of  Free  Ammonia  and  AlbumiiLold  Ammonia. 

Solutions  Eeqnirsd:  1.  Stani*ari>  Soi.ttion  *>f  Ammoxit'm 
CiiumiDE.— Dissolve  3.138  grams  of  pure  dry  annnoni urn  chloride 
in  1  liter  of  distilled  water  free  from  ammonia.  One  ec.  of  this  S4)lu- 
tion  represents  1  mgr.  of  ammonia. 

2.  Staxdard  Dilute  Solution  of  Ammonium  Chloride* — 
Dilute  10  vi\  of  the  strong  solution  up  to  1  liter  with  water  free  from 
ammonia.     One  ce.  of  this  solution  re])reseut.4  0.01  nigr.  irt'  ammonia. 

3.  SiJLUTiON  OF  Sodium  Carboxate, — Dissolve  200  grams  of  pure 
«(Klium  earbonate  in  1  liter  of  \vater  free  from  annnimia. 

4*  Alkalink  PoTAssii\vi  Peumaxganate. — Dissolve  8  grams  of 
potassium  |>ernuingauate  and  !^00  grams  of  canst ie  |iotash  in  2  liter?* 
^jf  distilled  water,  and  btnl  down  to  1  liter,  to  get  rid  of  any  free  ant- 
inonia  present.  Fifty  ce.  of  this  solution  are  retpiired  for  eaeh  anal- 
■^818,  The  author  finds  it  convenient  to  omit  tlje  boiliugnlrjwn  [»rne- 
when  thu  solution  is  prepan^l,  antl  to  take  100  ee.  and  hoil  ilmvu  to 
50  at  the  time  of  analysis.  This  in^urew  freeilom  froui  amnumia  whrn 
used,  and  avrads  the  bumping  which  is  so  likely  to  occur  when  tlie  cold 
solution  is  adde<l  during  the  process  of  distilhiti*ni. 

5.  Nessler's  TlEAfiENT.— Dissolve  3'j  grams  of  piftassium  iodide  in 
150  cc.  of  distiIle<J  water.  Dissolve  about  l*i  grams  of  corrosive  sub- 
limate in  300  ec.  of  distilled  water.  Add  the  latter  to  the  former, 
both  sohitions  being  cold.  Then  add  200  grams  of  caustic  soda,  di>'- 
Bolved  in  0.5  liter  of  distilletl  watrr,  and  mix  thoroughly.  Next  add, 
with  constant  stirring,  a  satumtwl  solution  of  curmsive  sublimate  until 
the   precipitate  w^hich  ibrms  is  permanent ;  then  dihite  the  ^vhole  to  1 
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litCT.      Ix^t  stand  until  cleiir,  when  the  si]{iematant  liquid  shonld  bv( 
a  3*11  le-st raw  C4>l(ir, 

ih  Ammoma-frkk  Watkb, — Tliis  miiy  Lm?   ohtaincil  by  distitlin 
watiT  [iiuile  slightly  aciil  with  >^iilphuritj  ar-id.     The  first  26-50  cc,( 
distilhite  shoulil  lie  njLTted,  and  the  next  50  cc.  should  be  tc^tiili 
Ni'8sler's  iViifTt'Mt.      If  no  eolcir  app-ars,  the  distillate  i^  ammonia-i 
arni  tho  oppnitkm  may  thou  \hj  cuntiiuit'd  until  the  on n tented  of  the  i 
tt^rt  art'  rwtnvLHl  to  \vry  small  V(>luint\      If  the  test  ghow.*  tmecs  < 
aniniunia,  siiec*es8ive  prirtions  ^litmld  he  tested  until  a  negative 
i.s  *?ecareth      It  is  well  to  preiMre  a  gtHxlly  supply,  and  to  kwji  it 
haod  in  ^lass-si  op  peivil  lint  ties. 

Apparatus  Required. — Distilling  Apparatus.- — Some  analysfci 
fer  glass  retiirts  ;  others^  distilling  Hasks  with  side  tubes*      WIucIm 
is  used,  the  eonuectioii   with   tlte  Liebig  condenser  should  he  tigi 
The  author  prefers  a  distilling  Hask,  with  a  si<le  tul)e  of  such  a? 
that  it  enters  tlie  rrunleoser  tube  easily,  but  without  makinj^r  a  Kic 
jiiint*      A   bit  of  elean  rnblKT  ttibiug  cm   the  side  tiilje  may  serx'e  I 
make  the  joint   more  perfect  at  the  point  of  eDtmnce.     The  mtn 
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of  the  flask  should  Iw  closc^l  with  a  ruhlter  stopper  with  a  siugle  p*'^ 
foratinn,  earrving  a  funnel  tnlH^  which  re^iches?  to  the  bottom  of  tk 
fla-k. 

The  flask  or  retort  may  Ik*  heatc^l  either  bv  a  rose  burner  or  bvtl|f 
fnx'  flame  of  a  Bunsen  lamp.  In  labomtories  w^here  water  anuly^'- 
is  eondnctitl  on  a  large  scjile,  it  is  found  convenient  to  Imve  tbeMi^- 
tilling  flasks,  arrange*!  in  the  form  of  batteries,  connected  with  W'*^* 
tin  etmdensiug  tubes  which  pass  through  a  common  cooling-tank  t*"*' 
by  a  single  tap. 

Ill  Fig.  37  IS  shown  the  form  of  apparatus  which  the  author  iiJ>"* 
euuvenient  for  ordinary  work» 
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Neasleriziiig  Tulles. — For  iiuikiiig  tlw  di'tcrmiiiatioii  nf  ammuiiia  by 
the  cctlorimetrir  iiiethcMl,  tub*'s  (if  t'uliirltss  <j^Liss,  about  12|  x  |  inches^ 
with  a  mnrk  at  tht-  M  i'c*  point,  are  rotjiiirtHl. 

DetenDlnation. — ^The  flask  aod  coiKlt*n,sor  art*  riiirieil  with  aniiiio- 
Tiiii-fVi't*  watiT,  0.5  liter  of  the  water  and  o  ee.  fif  sixhoiii  earl >i mate 
Niilutioii  are  iiitrodiieed  into  the  ihisk,  aru!  Iient  is  a]tplie<L  The  *lis- 
tilhite  is  eoUeettxl  either  in  the  Nessier  tubes  or  iti  '>(>  vi\  flasks,  IVoui 
which  it  is  transferred  to  the  tui>es  ;  and  wlieii  threi^  jMHtii>ns  of  ')i> 
<*e.  each  have  l>eeu  eitlk^^tetl,  all  of  tlie  free  ammonia  in  the  sample 
will  have  jjassid  tiver. 

On  iR'i^inuin^  the  distilhitionj  lilO  ee.  of  the  nuconeentnitt^d  alka- 
line fM'rmaugauate  solution  ;ire  heated  in  a  small  llask  and  boihnl 
■<iowQ  to  50  cc.,  and  on  the  eonipletlun  of  the  distillation  for  free 
ammonia  I  the  hot  reagent  is  addt^l  throuj^li  the  funnel  ttil>e,  and 
iMtiling  is  eontiuued.  If  the  n^agt^nt  has  Ix'en  eoncentrated  in  a<I- 
vaiu-e,  50  t-c,  aiv  ailde<L  The  nitro|reiioiis  firj^anie  matter  is  now 
attaeke<l  Ijv  the  {wrmanganate  solution  anil  more  ammonia  is  evolve<L 
AVhile  this  in  no  way  differs  from  the  free  ammonia,  it  is  given  the 
distinguishing  name  **  alhuniint>id  anunonia/*  to  indicate  its  origin. 
The  process  is  now  eontiuned  as  long  as  ammonia  ^msses  over,  V>nt 
usually  ni>  reaetiou  is  i>hserved  jdWr  four  porti<ins  of  50  ee.  have 
InsHi  eollet^te*!.  In  tlie  laboratory  of  the  State  Boanl  of  Health  ui' 
Massachusetts,  it  is  the  custom  to  fill  five  tulK38,  antl  tlieii  to  ecase 
distilling.  To  each  of  the  tubes  contain  nig  the  ammonias,  2  cc, 
of  Ncssler's  reagent  are  addLnl.  In  tl)e  itresentre  of  annunnia^  a  yel- 
lowish-brown color  is  prmhicefl,  the  depth  i>f  whi<'h  dei>ends  uixm  the 
amount  of  ammonia  present.  Some  excc]>tit)nally  rich  waters  yield 
such  an  amount  <if  annnonia  that  a  pri'cijiitatc  is  formal  on  a^hli- 
tion  of  the  reagt^nt.  Then  it  is  na-essary  t<>  repi^it  the  priK'ess,  ami 
to  tiike  an  alicpiot  j»art  of  the  disttllate  and  dihite  it  witli  amjnonia- 
free  water  to  50  cc.  before  nesslerizing.  Should  a  priripitatc  again 
iKSCur,  a  smaller  ]mrt  should  be  taken,  nnd  so  on  until  Oic  [a-ojR'r 
reaction  is  obtained.  The  antount  in  t!ie  wln>le  distillate  may  then  l>e 
determine^I  raathematieally.  Having  nesslerizi^d  the  several  tnlK's» 
the  next  step  is  to  determine  tlie  amounts  present  Ijy  cfimparisnn  of 
colors  with  a  scale  made  tm  follows  :  Into  a  series  of  tubes,  held  in 
a  rack,  different  amounts  of  the  we^aker  solution  of  ammonium  eldo- 
ride  art^  intri>ducwl»  then  annoonia-fVee  water  is  adtleil  to  each  up  to 
the  50  cc.  mark,  eat*h  tube  inverted  hi  insure  th(>rough  mixing,  and, 
finally,  2  w.  of  Nessler*s  reagent  added  to  each.  A  convenient  seale 
is  secured  by  using  0.25,  0.50,  0.75,  1.00,  1,50,  2.00,  2.50,  3.00, 
:i.50,  4.00,  and  5.00  cc,  representing  n.fK>25,  O.(»050,  n.On75,  0.010, 
0.015,  0.020^  0.025,  0.0:)0,  OJ)35,  0.040,  and  O.Oof*  rngr.  of  ammo- 
nia.  The  first  of  these  will  have  a  very  faint  yc'llowish-l>rown  tint, 
and  the  hist  a  very  decide<l  rt^ld is h -brown  color,  while  the  intervening 
tubes  show  a  [irogressive  deepening.  With  these  tnl>es,  the  tlisti Hates 
are  comjiiirtHl,  and  flic  mafi*hiiig  of  <'oliirs  gives  the  desired  nr-^ults. 
If  a  given  tulje  tails  tjetween  any  two  of  tlie  scide,  a  new  com|>jiris(m 
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tube  may  be  prepared ;  but  the  pmetLsed  eye  can  determine  very  acx?u- 

mtdy  witliuijt  tlii;^  extra  aid.  Having  read  the  eolor  of  eacb  tube, 
the  njuuimts  uf  those  representing  the  fn^e  amniiniiii  are  added  together^ 
and  the  total  multijilied  by  2,  to  get  the  ain*)nnt  i>er  Hter  uf  water; 
the  siime  proees.s  is  e;irrii'<l  out  IVir  the  dt'terniinatif^n  of*  the  albu- 
miimid  animonia.  Tlie  re,*^iilti?  represent  parts  jmt  niiUion,  since  1 
liter  equals  1,000,000  niillignims. 

Example, — The  thR^e  fn/fi^-aminoaia  tubes  show  0.023,  0.006, 
0.000  :tiJtal  0.029  rngr.  ;  multiitlitd  by  2  =  O.OoH  \ier  liter.  By 
nioviag  tliu  dix-iaial  jwiint  one  place  to  tlie  left,  we  have  0.0058  |jart 
jKT  1(M),(IOO,  in  which  terms  the  results  urdiuarily  are  exprestied. 

Precautions. — Sinee  the  depth  of  a>lor  ciiused  by  Xessler's  rea^ut 
is  atfcettnl  m*>re  or  less  hy  teni|M^raturt%  and  since  in  all  pnx*esses*  of 
eom[Kiri>nn  tiic  conditions  nmst  l>e  the  Kinie  so  far  as  is  jMis^ible,  the 
reagent  shouhi  n<it  be  added  until  the  distillates  and  the  eontent^  of 
the  comparison  tnlx-s  have  the  same  tem^K'mtnre,  Equality  in  this 
retspeet  is  seeuretl  withont  any  nianipidation  {ir  tnajble  by  leaving  the 
tulies  over  night,  so  that  all  will  accpiire  the  tcnijKTatnre  of  Uk-  rcxirn. 
It  is  hardly  nei'es.siiry  to  |K*int  out  that  the  air  <»f  the  r<Kim  in  whicU 
the  distillation  is  eonthicttHl  should  Ih'  tpiite  free  frf»m  labomtoiy 
fames,  sueh  as  amnuana  and  sulplujrettiH^l  hydrogen,  which,  Ixdng^ 
ahstirbed  by  the  distillate^  would,  in  tlie  one  e«ise,  give  errone<:ms. 
resnlts,  aial,  in  the  other,  react  njion  the  ruercury  salt  in  the  Nesslers 
reagent. 

The  heat  applit^l  tr»  the  distilling  flask  should  be  so  regidated  that 
the  time  retjaircnl  for  each  portinii  of  oO  ec.  will  be  ahi^nt  fiftec^n 
niinates,  since  with  more  nipid  distillatina  there  is  likely  tc»  be  some* 
loss  of  amintniia  by  inijK'rfcet  cnndensatioa. 

The  reading  of  the  tubes  should  not  be  nndertak^'u  until  at  least 
five  minutes  have  elapsetl  af^er  the  addition  of  the  reagent.  The 
extreme  tiepth  of  enlor  obtainable  is  rcachc<l  s*nncwhat  within  that 
time. 

T he  |>ni et i w  of  s ome  a nal y s ts  o f  tli s t i 1 1  i a g  the*  f rt "c  a t n ni o 1 1 ia  out  i ri 
one  lot  of  150  or  20t*  cc,  collecting  the  allamiinoiil  ammonia  in 
antJther  single  i>ortion  of  200  or  2oO  cc,  nesslerizing  a  jwirtion  of  each, 
and  cidcnlating  the  total  amount  of  each  bv  runlti[>Iicatioii  by  the 
pro|H'r  factor,  gives  correct  results;  hut  it  has  been  shown  that  liy  pn>- 
cceding  in  this  way,  one  may  lose  useful  inl'ormation  (►btainalile  from  a 
kaowhtlgt*  of  the  rate  at  which  the  ammonia  is  evi»lved,  since  orgjiiue 
matter,  well  advanced  in  dtvomposition,  yields  it  more  copinusly  in  the 
tir^t  distillate,  whereas  fresh  laaterial  yields  it  moiv  slowly  and  uni- 
formly, 

S<ime  analysts  make  dujdic^ite  distillations  of  euie  water  at  the  same 
time,  (U'ternduintr  the  free  ammonia  in  one  sf>eeimcn,  and,  by  add* 
ing  the  perniaug?iuate  at  the  start  in  the  other,  determining  the 
lotjil  free  and  albuminoid  aniniouia  together,  liy  sulUractiug  the 
lesser  ihm\  the  greater,  the  anion  at  of  albuminoid  aunnoma  is* 
obtiiineth 
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Permanent  Ammonia  Standajrds. — In  tmivr  in  uvoid  the  ripfessitr 
of  pivjfciiririg  staiidanls  i-iU'li  time*  tlwy  are  rc(|ii»retl,  fur  tlnise  iruide  w^ 
II hove  .s(H>n  undergo  rliangi*,  Mr.  IK  D.  JiH'ksnri  *  bus  prf>p*).si'd  niakiiif^ 
a  puTinanent  Hit  with  pjtiitf,siutii  platiiiic  chloride  and  eolxdtoui?  chloride^ 
with  whiehj  with  a  little  pmctifx^  the  Nessler  solution  may  be  pre|i;ireil 
to  fit  exactly.  Hinre  his  nu'tluMl  ui'  |>reparinij:  tb*:*  latter  fliffers  mate- 
rially from  tbataijove  described^  it  is  reprfKliiced  here:  **  Dissolve  l>L75 
grains  r>f  pitiissiiini  iodide  iu  2^)0  ee.  of  rfflistille<l  water,  aii<l  !>dd  a 
cold  solution  of  niereiirie  chhiride  which  ha.s  been  satumti*rl  by  boiling 
with  excess  of  the  8alt.  Pour  in  the  mcrcnry  sohition  eautiously,  and 
add  an  amount  just  snificient  to  make  tiie  c^ilur  a  j>ermane[it  bright 
red.  With  a  Htth*  pmeti<'e,  the  exact  depth  of  color  can  be  easily 
duplii-ated.  It  will  take  a  little  i*ver  400  ec.  of  the  mercuric  chhiride 
solution  to  reach  this  end  pt»fiit.  Dissolve  the  re+l  preeipitate  by  add- 
ing exactly  O,?'")  gram  of  |wiwdere<l  jmtassium  icRlifk^  Then  atid  150 
grams  of  pit^issiiun  liyilrate  dissolved  in  250  et*.  (jf  water.  Make  nj> 
to  1  liter.  Mix  tbnroughly  and  allow  the  pre<Mpitate  formtnl  to  settle. 
It  18  best  to  make  up  a  large  amount  of  Nessler  si>lntion,  and  if  by  it^ 
use  the  ammonia  stanthirds  do  not  fit  the  artificial  ones  pi^ejranHl  from 
the  platimnn  and  eobalt  solutions,  a  tittle  more  mercuric  chloride  to 
iufTeasi*  s(>nsitiveness,  or  potiissium  iudide  to  decrease  it,  will  bring  the 
Xessicr  solution  tu  the  point  w  lie  re,  if  just  2  ce.  are  usetl,  the  rt^gular 
ammonia  standards  will  exactly  fit  the  artificial  ones.  .  .  ,  Of 
C4inrse,  aich  new  lot  of  Xessler  solution  should  be  compared,  to 
see  that  it  has  the  projKT  degree  of  sensitiveness  U>  fit  the 
«ftandards.'^ 

To  prcfwire  the  permanent  standards,  two  sep;imte  solutions,  one  of 
potassium  platinie  chloride  and  (me  of  cobaltous  ebloride,  are  neceasar}\ 
The  first  is  made  by  dissolving  2  grams  of  tlie  salt  in  a  small  amount 
of  water,  a<lding  100  ec.  rif  strrmg  hydn>ehhn'ic  acid,  and  diluting  to  1 
liter.  The  st*cond,  by  dissolving  12  grams  of  the  ,sdt  in  water, 
adding  lOfl  ee.  of  ^tnaig  hydnM^-hbirie  acid,  and  diluting  to  1 
liter. 

**  Varying  amounts  of  the^e  two  sfJutions  are  reipiii'iHl,  because  the 
color  of  the  X(*ssler  standards  becomes  more  and  more  ivddisli  as  the 
amount  of  ammonia  increiises.  The  standanls  are  made  up  in  50  ec, 
Nessler  tnlx's  1.7  cm.  (}-|")  iu  diameter  and  21  cm.  (H|^")  from  the 
bottom  to  the  50  cc.  mark,*'  Sixtetni  stantlards  are  prejxu*ed  with  dis- 
tilled water  up  to  the  50  cc.  mark,  as?  follows  : 
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Whik'  tiK'se  ii^vev  [x^rftrtly  witli  the  re^ulitr  Ne^Hler  ammonia  f 
artis  on  Icu^hwise  examiimtmn,  Uioy  du  wjt  at  nil  agrwM»u  ^klei 
tin*  artificial   Ktandanls  appeijrinti^  dej^ndedly  pink,  lu^tcad  uf  brtw 
ycllcjw. 

Determination    of    Other    Nitrogen    Oompotmds.— f 
Treatment. — ShoiiM  (lit:  sjKHiiuni  of  water  havv  an  appret^khle  i 
diii'  til  dissolvtHl   vf'^tatilt*  matters,  it  is  nec5fssarv,  before  atti'inp 
tUr  ik'tenni nation  »*f  the  nlH>v<''nu'ntiiiri€Hl  substani^es  or  of  thcchla 
tu  decf*lon/e  a  sutticnt*nt  volnnie  by  nuims  of  milk  of  ahuiiinu, 
is  prcjKiivtl  by  mixing  ^mdually  very  dilute  ?>t>hitions  of  sodium  by 
or  ammoiiiu  and  alnni  or  aluminnni  sulpliatu  ;  the  ret^ultiii^  prwap 
\>   allowi*d  tti  settle,  anti  is   then  waslieil  sevenil    times  by  det^mti 
The  water  ushI  lii  washing  shouki  lie  free  in>m   ehlorides,  iiitratesi^l 
nitrites.      If  stroller  solntions  arc  iisi-tl,  t!ie  gelatinous  prwipitiite  i 
nndergtte^  chanii^t*  both  in  ap|x^mnee  and  ehnrjeter.      It  become*  <* 
and    hxses   its   property   of  removing  eolor.      In    <»nler   to   removi* 
eoloring  niattt-r,  OS)  liter  of  the  water  may  Ix^  shaken  in  a  fljL?k  Mitli 
few  ee,  of  the  tliiek  '*  milk/'  and  then  filtered  thnnigh  jxiixr.     W 
means,  the  most  highly  eolorinj  swamp  waters  are  made  eolorli-?^ 
very  fe^v  minutes. 

Determinatioti  of  Nitrogen  as  Nitrites, ^-Solutions  Reauired.— Ij 
SiLiMiAXU^n-  AMoS^LrxioN  (jKinuiiidolK'iizene-snlphr.nie  a*  id|,— I*i 
Molve  0.r>t>  gmm  in  1*10  ec.  of  aeetie  aeid  (sp.  gr.  l,f>4(>), 

2,  Napiitiiylamink    Sou  tiox    (^/-aniidonaphlhalene),^ — Dis^oll 
O.IO  gmm.  in  2i\  <x\  of  boiling  water,  filter,  and  ad<l  180  oc.  of 
aeid  (sp.  gr.  1.040), 

:]»  Stanoahd  Siiui'M  Nitrite  Soli'tion, — Dissolve  0.275 
of  pure  nitrite  of  silver  in  pniv  distilled  water  and  add  a  dilute  ^i^" 
tion  of  ptn\;  8<xlium  ehloritle  until  prreipitation  eeai?ej5.  Dilute  U>  -^ 
cc.  and  pn-serve  in  tht*  dark  in  an  amlxT  bottk^. 

4.  STANDAnn  DiLrTE  Sooii'M  XiTKiTE  S)Li^T!ox. — Dilute  10  <t'. 
}f  the  preenling  to  1  liter  with  }>uiv  <listilled  water  and  preser\*c  \u  tlr 
ime  way.     One  to,  erpials  0.001  mgr.  of  nitrogen  as  nitrite. 

pRorEss, — To  50  ee.  of  water  in  a  Nt\s«lcT  tube,  or  to  IW  ec\  in  a 
tul>e  c»f  Inrger  diameter,  add  2  cc.  of  each  of  the  two  first-me«ti(Hi»<i 
snlutions.  If  nitrites  arc  pre^^nt,  a  pink  to  a  garnet  color  is  devti*!*^' 
within  a  hali*  h(»ur,  the  intensity  of  cohir  dejxrnding  upon  the  aiiM»iii>t 
of  nitrite  prescient.  If  no  change  is  observable  at  the  vnA  of  a  Wt 
ht^iir,  nitrites  may  Ix^  n^corded  as  absent ;  if»  on  the  eontrar\\  a  i'^J^*^" 
a  tion  is  jmnhiecHl,  the  test  may  be  repeat*'*!,  ami  at  the  stiuie  liin**  «»^»f 
or  more  eomparison  eylniders  prt*[xiix»d.  In  similar  tulles,  dilulr  t*^ 
the  mark  with  tlistilJed  water  frtN:*  from  nitrites  0.25,  0.50,  and  I  w.  «f 
the  dilute  scxlium  nitrite  solution,  and  afld  to  each  the  projier  ain<»»«t- 
of  the  test-solutions.  At  the  end  nf  half  an  \hhu\  ei»mj>are  the  o>l'^^ 
ac(|uired  Ijv  the  water  sample  with  iiie  standanls,  aofl  multiply  hv  »«' 
projKT  factor,  t4>  <letermine  the  amount  |>er  liter. 

Since  the  air  of  laboratories  in  wliieh  gjis  is  burning  U  ver\*  liWf 
to  contain  traces  of  nitrites,  which  are  absorVxHl  readily  by  water,  it  ^ 
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viiAX  to  kec'p  tlir  tubes  t'orki*(l  <»r  otbe:^rwiK"  prot^'ctt^tl.  A  tiihe  let\ 
<:»|K»n  some  hours  Is  almost  sum  tr>  de\'t*lop  mc^re  or  less  color. 

The  eulnr  r(^ietir>n  is  due  iirst  t(*  the  lulioii  of  the  nitrite  present  <m 
the  sulphtiuilie  acid,  wlieri-by  ii  new  eunijMiund  (dja/uhtiizeiie-snlphnnie 
aiihydride)  is  pnxlueed,  whieh  is  then  aeted  n\\in\  \\y  the  nuphthylunilne 
a nd  con vertml  into  anotlier  {a5!< w^-amidunai>ht!iaIene-purazobeiizeiie- 
siilphonie  aeid)  whieli  imj)jvi"ts  the  i^dor. 

Permanent  Nitrite  Standards. — Mr,  *Iuekson  has  pro|>osed  employing 
pennunent  standards  for  the  nitrite  determination  also.  Thuy  are  made 
jrom  two  solutions,  one  matle  hy  dissolving  24  grams  of  cobaltous 
<*hltvride  in  distillcHl  water,  adding  li>0  ee.  of  strong  hydroehlorie  ueid, 
and  diluting  to  1  liter;  and  the  <*tlier  by  dissolving  12  grams  of  dry 
euprie  chloride,  adding  100  cc.  of  strong  livdroelih^rie  aeiil^  and  tbUit- 
ing  likewise  to  1  liter.  The  staudanls  are  made  up  in  100  cc.  tubes, 
:i  era.  (IJ'O  in  diameter  and  13,2  cm.  (5 J'')  to  the  100  cc,  mark. 
The  following  table  gives  the  |)ro{K>itions  of  each  solntiou  to  be  made 
np  to  the  100  ee.  mark  : 
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115 
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8,0 

^^ 

0.010 

20.O 

+ 

8.0 

= 

0/)15 

The  method  of  det-ermining  nitrites,  ns  given  by  Mr.  Jackson,  in  as 
folhnvs  :  Fill  a  100  ee»  Xessler  tube  with  the  water  to  be  test^^^l,  add 
i  cc.  of  hydnx'hlorie  acid  (1  :  4),  then  2  ee.  of  snlphanilic  aeid  (8 
grams  per  liter),  and  finally  2  cc.  of  naphthalamine  liydrochlorate  (8 
grams  j>er  liter  with  10  ee.  of  strong  hydroebh>ric  aeid);  allow  to 
stautl  twenty  minntes  nutil  tht:  full  development  of  the  rolor  apjiears. 
If  100  ee,  of  water  develop  a  color  correspfiuding  to  the  second  of 
tVie  above  standards^  for  example^  it  contains  0»00r]  piirt  per  1,000,000 
of  nitrogen  a^s  nitrite, 

DetermmatioE  of  Nitrogen  as  Nitrates. — Solutions  Required. — 1, 
f*irF:S(iLi)isrLPin>\'i<^  \v\u. — I  bat  tct^ethir  for  six  hours  in  a  water- 
bath  o5.i  grams  of  strong  siilpliurie  acid  and  4o  grams  of  pnre  plienol. 
Should  tlie  resulting  componml  s^jli^liiy  i>n  cooling*  it  may  Ix*  Inpielied 
again  in  the  bath  and  then  |>onred  into  a  nnndier  of  small  bottles  pro- 
vided witlj  ground  stfipjKvrs,  Then,  as  needed^  one  of  them  may  hv 
phieetl  in  the  batli  and  the  contents  lifpieiie<l. 

2.  Standard  SoLLrnox  of  Pr>TAS8iUM  Nituate.— Dissolve  0.722 
gram  of  jinre  potassium  nitnite  in  1  liter  of  |mre  tlistillcd  water. 
One  I'e.  erpials  OJ  mgr.  of  nitrogen  as  nitniti^H. 

PuiH^Kss.' — Rva|>oratc  10  ee,  or  more  of  the  water  with  1  <lrop  of 
«<Hlium  carbonate  soluti«>n  to  dryness  in  a  small  j>orcelain  dish*  To 
the  residue,  add  1  ec.  of  phenoldisul phonic  acid^  which  should  be 
bronglit  into  contact  with  every  partir^le  by  means  of  a  glass  nxl. 
Dilute  with  water,  make   strongly  alkaline   with   ammonia   or  caustic 
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potiish,  and,  finally,  make  up  to  50  or  100  o<».  with  water.    Ev 
measurtH^l  volumes  of  the  Htandard  nitrate  solution,  treat  the 
with   a   like  amount  of  the  reagent,  and  proceed  in  the  same  ynji 
make  a  comparison  scale.     The  addition  of  the  alkali  converts  i 
picric  acid,  formed   by  the  action  of  the  nitrate  on   the  phenold 
phonic  a(!id,  into  the  corresponding  picrate,  which  imparts  a 
yellow  color,  the  intensity  of  which  depends    upon    the  amount  i 
nitrate  present.     The  comparison  of  tints  may  be  made  directly  in  i 
j)orcelain  dishes  or  in   tubes  of  the  same  sort  as  used  in  the  nit 
determinati(m. 

The  accuracy'  of  the  test  is  diminished  by  the  presence  of  < 
in   notable  amounts,  say  more  than    2  parts  in   100,000,  but  not  I 
nitrites.     On   this  account.  Mason   recommends   the  addition  of  ( 
responding  amounts  of  sodium  chloride  in  the  pre})aration  of  the  ( 
scale. 

The  standards  made  as  above  do  not  change  on  keeping,  and  1 
may  be  made  up  in  sets  and  preserved. 

Determination  of  Chlorine. — Solatlons  Beauired. — 1.  Sta>da 
Solution   of   Silver   Nitrate. — Dissolve   4.797   grams  of 
silver  nitrate  in  1  liter  of  distilled  water.     One  cc.  of  this  solution  ii| 
the  equivalent  of  1  mgr.  of  chlorine. 

2.  Solution   of  Potassium    Chromate. — Dissolve  5  grams  of  J 
potassium  chromate  in  100  cc.  of  distilled  water,  add  nitrate  of  silv 
solution,  for  the  removal  of  any  traces  of  chlorides  present,  until  a  i 
precipitate  of  chromate  of  silver  is  formed.     I^t  stand,  and 
the  precipitate  by  decantiition  or  filtration.     This  solution  is  to  be  used] 
as  an  indicator. 

Process. — Place  in  each  of  two  l^eakers  of  similar  size  lOOccrf. 
water  and  5-10  drops  of  the  indicator.  The  beakers  standing  side  by 
side  upon  a  white  surface  of  porcelain  or  filter-paper,  the  silver  nitrate 
solution  is  added  to  one  of  them  from  a  burette  little  by  little  until,  in 
spite  of  stirrinjr  with  a  glass  rod,  a  faint  reddish  tinge  b^ns  to  be 
perceptible.  This  is  seen  more  easily  by  compjirison  Avith  the  water 
in  the  other  beaker.  The  burette  reading  is  now  taken,  and  theo  s 
drop  or  two  nion*  of  the  reagent  will,  by  intensifying  the  red  color, 
show  that  the  end  ])oint  has  been  reached.  The  process  depends  upflB 
the  fact  that  silver  has  a  greater  affinity  for  chlorides  than  for  ebrom- 
ates,  and  that,  so  long  as  any  of  the  former  is  present,  no  pennanenl 
union  will  occur  with  the  latter.  When,  however,  all  the  chlorine 
has  combined  with  the  silver,  the  red  chromate  begins  to  form,  aw 
makes  its  presence  known  by  the  change  of  color.  On  completion  d 
the  process,  the  amount  of  the  standard  reagent  used  indicates  t\» 
amount  of  chlorine  present,  each  cc.  used  representing  1  milligram. 

Inasmuch  as  a  certiiin  amount  of  the  reagent  is  required  to  give  the 
beginning  tint  in  100  cc.  of  distilled  water,  a  correction  should  be  dmA 
before  setting  down  the  result.  This  amount  differs  somewhat  witk 
different  observers,  since  all  eyes  are  not  equally  quick  to  discern  u* 
appearance  of  the  reddish  tint,  and  hence  the  best  method  of  fixi^ 
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tho  amount  U\  1k»  suhtriietixl  is  fiir  vnvh  one  tu  deteniiine  it  himself  by 
exjR'rinu'titiu^f  with  UHJ  ce.  uf  di>ti!le<l  wntrr  njiitMiiiiitg  the  riHjuisite 
mm  Hint  nf  th<^  indiiiit<*i'. 

Slumhl  the  aiijuiiiit  til*  elilnriiR*  in  ii  iriven  sample  he  so  suiall  that 
the  <?nil  reiictioii  apjuiirs  on  the  luKlitiuii  i»r  hut  u  ti-vv  ilnip8  of  the 
silver  Hfhitiuii,  it  is  hf^st  ti»  r<iiieentrate  2-lU  or  -"HH)  I't*.  <>f  tlie  \viit4'r  h* 
liK)  ec,  nrul  rejjeijt  tfie  tit  rat  ion. 

Determination  of  Residue* — Kvapimite  loi>r<>,  of  water  to  thy- 
iiess  in  a  perfectly  elean,  4ry,  at  eiirately  weighe*l  platinnni  dish.  When 
eornjrletelv  evaporatetl,  transfer  the  dish  frfim  the  \vater-l»atli  to  an  air- 
hath  kc[»t  at  105°  C,  and  Iwive  it  for  an  hour*  at  the  expiration  of 
whi<'li  titiu*,  phnv  it  in  a  dfsieeator  to  etw^L  Rew('i)i^h  and  nute  the 
gain  in  wc^ight,  whieh  repn^ents  the  amoniit  of  total  solids  in  tiie  vol- 
ume of  water  taken,  Tlie  number  of  initli^nirns  gtiinetl  represents  the 
number  of  parts  |>er  lOiy  K)n.  The  wei^liing  slunild  lie  d<aie  as  quiekly 
as  possibk^  in  onki*  to  av<H<l  ernn"  due  to  the  absorptitm  iif  atumspheric 
moisture  liy  liy^rose<»|iie  nuitters  iu  the  residue. 

In  order  to  determine  tlie  amount  of  volatile  substances,  the  dish  is 
next  heatol  to  didl  redness  on  a  platinum  trianjjrle  over  u  Bunsen 
lamp,  Tlie  or^^^nuc  matter,  in  the  proerss  of'  bnrniug  otf,  ^ives  rise  U> 
mort*  itr  less  l)laekenint«:,  and  may  also  evolve  tnlors  whi(*h  ut'teii  eouvey 
some  klea  of  its  uature.  The  bluekeuing  may  ilisapf>ear  quickly  or 
may  pt*rsist  for  some  time,  espeeially  in  the  ease  of  woody  matt<irs,  such 
as  are  present  iu  brown  swaui|i  waters.  Animal  matters  <*ause  an  <Klor 
liketliat  of  l>urnt  liorn  ;  vegetahle  substaneesj  one  su^jr^'stiv*'  of  hnruiug^ 
jieiit.  Tlie  loss  in  wci^fht  represents  not  only  thi^  organic  matter,  but 
also  the  nitrates,  nitrites,  annncmium  sal t8^  combined  carbonic  acid,  and> 
if  the  tem|KTature  has  lR*t*n  raist^I  too  far,  part  <jf  the  chlorides.  The 
residue  after  iirnitiou  reju'eseiits  the  '*  fixed  solids.'* 

Detennination  of  Hardness. — F(^r  the  determination  <>f  haixlness^ 
a  numlx^r  of  prfK-esses  are  m  use;  but  for  ja'actieal  utility,  that  known 
as  the  **  soap  method  *'  is  to  lie  preferred. 

Solutions  Required. —  1,  Stand  a  ud  Sr»i.rTiox  of  C'ALrn'M  Ciii^o- 
Ull^C.^W  eitj^h  out  1  ^nim  of  pure  eidcinm  earbtmate,  dissolve  it  in  an 
little  as  possible  dilute  hydrochloric  acid,  and  evaporate  to  dryness. 
A*kl  to  the  reskhie  a  little  distilled  water,  and  a^aiu  cvajH>rate  to 
dryness.  Dissolve  in  distilled  water  and  make  up  to  I  liter.  One  cc. 
rejirest^nts  1  n n  11  ij^nnn  of  eah-imn  carbotiatc 

2.  Stand ARi>  Solftion  of  Soap, — S<'ni]»e  al>out  HJ  *^nnus  from 
an  old  dry  piece  of  pure  Castile  soa})  frc^*  frtnu  smlium  hydrate  and 
carbonate,  and  dissolve  it  in  1  liter  of  diluteil  alcohol.  Let  stand  over 
ni^ht  and  filter.  This  shtnihl  next  be  standardiz*Hl  in  the  ftfUowin^ 
manner:  To  |t>0  ec.  of  distilled  water  C(*ntaine<l  iti  a  ^lass-stopjKrrwl 
l>ottle  of  al>out  2'>0  ee.  ciijKicity,  rim  iu,  from  a  burette,  successive 
small  portions  of  tlie  soap  solution  until,  i»n  viurtirous  slmking,  a  lather 
is  formfsl  which  persists  at  least  twt>  minutes,  and  note  the  amount 
used. 

Repeat  the  operation  with  99  ec.  -  1  ec.  of  the  standard  solution  of 
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colcuim  eliloriiks  and  thvn  witli  2,  :l,  4,  •>,  f),  7,  8,  9,  and  10  C5C,  of  tlv* 
same  solution  lujidc  ii|)  to  MM)  ch-.  with  tlistilled  water,  and  note  the 
atiiouut  nsofl  in  eueli  tot.  It  will  not  KnHiiH-  to  dft4M*niine  thr  aiiiiitint 
necessarv  ti*  pnMluco  a  latluT  with  tii.stilled  wiiter  and  with  1<>  cc,  of 
tho  04ilf'iuiii  cliliMiiic  soliitii*n,  nuuh  up  to  tlu-  siinie  volume,  and  divid<» 
the  ditl'erenct'  by  10,  since  as  \vv  ^o  nj»  in  the  ncide  a  gradual  Iesi*cnin|^ 
of  the  amount  of  inen^ase  for  eaeh  degree  is  noted.  In  this  way  we 
obtain  a  ^eale  of  \'atnes  tor  the  ^larti^utar  h>t  of  Hoaji  s<»hition  tnade  at 
one  time.  It  will  save  some  trouble  if  one  makes  up  a  number  of 
liters,  bnt  it  is  neees.sirv  to  make  oei'asional  tests  to  i^ei'tliat  the  strength 
does  ni>t  deteri*>mte,  m'j  if  it  diK*s,  Ui  eortH?et  the  scale, 

Prck'eks. — To  100  ee»  in  the  !>ottle  abive  roentione<l,  adtl  the  soap 
fMjlution  in  the  same  nmnner  as  employetl  in  making  the  scale,  and, 
when  the  end  jwiint  is  reat-heil,  note  th*-  amount  used,  and,  by  referencv 
to  the  Seide,  aseertain  the  nund>er  (»f  de^ree^s  of  Imnlness.  Should  tlR* 
water  \ui  harder  than  K)  de^n-ees,  it  is  lx»st  tf*  take  a  smaller  amount 
and  make  it  np  to  100  ee.  with  distilled  water  and  then  pnx?tM?d  anew, 
remembering  at  the  end  to  ealeulate  aeeonlini^ly. 

The  n^snlt  ohtauHnl  expresses  tlie  **  total  haziness/'  If  it  l>e  desired 
to  ascertain  the  tempoiiuy,  or  rt^movalile,  hardness,  100  ce.  of  the  H-ater 
may  Vw  boile^l  Hve  minutes  and  then  aUowtd  to  eooL  The  original 
vohime  is  resttirtxl  by  the  additimi  nf  the  lu'ecssiiry  amount  of  diSitilkHl 
water,  and  tln'n  the  ^jHTatiou  i>  rejwatr^l.  The  sihihuuI  result  iudtcatf*s 
the  permanent  liatdness,  and  the  ditrercnec^  if  any,  is  the  teitijutmrv 
liartiness. 

Determination  of  "  Oxygen  Required/' — All  or^nnic  substanee- 

are  stisee]>tihle  of  oxidati^m  ;  hut  us  they  are  widely  variable  in  ehnnieter, 
then*  recjnire  very  ditlVrent  annamts  nf  oxidiiiin^  agents  for  the  att^iin- 
ment  of  the  same  residt.  Tlie  several  niethi *ds  |)n>[>ostNl  for  det<*niun- 
iug  the  oxygen-consnniin^  rajwieity  t*f  drinking-waters  hiive,  therefon*, 
only  a  limitni  value  ;  but,  in  j^enemK  it  niay  be  said  that  a  hij^h  ix»<|uire- 
nieut  indicates  an  auuaint  oi"  (irjtranie  matter  inconsistent  with  purity 
when  it  cannot  he  aeeouiite*!  f*>r  by  tlie  prest^nee  of  ferrous  s^dts, 
Sinct*  the  atnoimt  ijf  organic  matter  is  indicated  pretty  fairly  by  tlie 
ammonia  and  allium iniud-ainnionia  determinations,  the  estimation  of 
the  **  nxvgen  reijnirnF'  serves  ordy  as  eHulirruat^uy  evidenee. 

Solutions  Required. — 1,  STANr>Ai«u  Soluthix  of  Pr>TAssirM  I*En- 
MANGANATE. — DisMilve  0*3f>5  gram  in  1  liter  of  distilled  water.  One 
ee.  Ib  equivalent  to  0.1  m^r.  of  available  oxy^'O. 

2.  Staxixvrd  Sou'tion  of  Oxalu;  Ar  ilk — Dissolve  0.787o  gram 
in  1  liter  of  distilled  watei*.  One  ee.  cori^esixjiids  to  an  equal  measure 
of  the  iKTUian^uiatc  ^-olutinn. 

**\.  DiLTTK  SrLPHrRic  Acid,  1  t  3. 

PuiMi-^^s. — The  <letenniuati(>n  is  basid  on  the  tact  that  i>ota8sium 
jM^rmanpinate  ^ives  n[i  its  <ixy»jfi4i  readily  tn  m^anic  matter,  es|x*ciully 
in  the  pivsetiee  of  aeid  and  with  the  apptieation  of  heat.  The  reaction 
is  expressed  in  the  thlhtwin^  expiation  ; 

4KMiiU,  r  (ill^SL*^  -    2K,8t ),  ^  4MiuS( J^  +  GHjO  +  50,. 
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Thus  4  m(*lirule?i  c^i"  permaiignimtc  will  yield  h  of*  oxygen,  or,  differ- 
eiitly  f"X|jres^e<l,  632  iKirt"";  by  weight  of  the  fnie  will  yield  IGt)  jMirt« 
by  weight  f>f  the  other;  hence,  3,950  of  permangiiimte  et|aab  1,00D 
of  oxygen. 

In  this  ojjemtton,  rleiinliness  of  vessels  i**  of  the  greatent  importance^ 
A  [K^reeliiin  easserole  or  evri|M>niting  dish  of  siitfieieiit  size  is  made  lit 
for  nse  by  iKiiling  it  in  distilltHl  water  aeiihilatcHl  with  sulplmrie  aeid, 
and  adding  pennangtmate  soliuion  nntil  no  further  deeoloration  is 
ohserve<l. 

IMaee  2(M1  ee.  of  tlie  sample  in  tlie  dish,  kxM  10  ec.  of  the  <lihite 
fi;ulphune  acid,  and  heat  to  boiling.  Adil  fron)  a  burette  sntiirieot  uf 
the  jxTTnang"(imite  solntion  to  cjuise  a  ven^  distinet  redness,  and  lioil 
agstin,  adding  the  permang^inate  as  the  eolor  triids  to  Jiale,  so  as  to 
retain  as  nearly  as  |Kissible  the  original  *'f>lnr.  N^'hen  tartlier  lioiling 
for  iivetoten  niinntes  fails  to  <liminisli  tlie  intensity  ot'  the  eolor,  «tx  it  hi- 
don  is  tH>mplete,  Add  now  10  ee.  of  thi'  oxalic  add  s<Jution,  which 
will  dis4'harge  the  eoK>r  if  the  iKMintingjinate  ba-s  not  l>et»n  added  Um% 
freely.  Shonld  the  color  not  be  disehargiHl  Viy  10  ce.,  add  10  more, 
fitiviiig  n*^w  a  eolorless  solution,  atld  more  [H/rnianganate  nntil  a  slight 
pink  eolor  again  ap|>ears.  Note  the  total  anionnt  of  [M-rniangaaate 
usetl,  snbtniet  fn)m  it  that  nsed  up  liy  the  oxalie  acid,  nudtij>ly  the 
nnnilx*r  of  ee.  remaining  by  5,  in  ordt^r  to  arrive  at  th*'  amoirnt  which 
Would  lie  eonsiuniHl  by  1  liter,  and  divith^  by  W)  to  cxpri^s  th(M"esult  in 
millignims  of  oxygen.  Inasmuch  as  lUiy  nitrites  present  are  oxidize*! 
to  nitrates,  a  correction  sluaild  be  made  for  them.  This  eun  be  done 
veiT  n^adily,  since  1(5  piu-t^s  of  oxygen  are  rtNiuireil  for  14  partts  of 
nitrogen   iis   nitrites. 

Since  the  |M*rmiUigJinate  solution  is  not  wholly  stable,  it  shonld  Ix^ 
titniti'd  against  the  oxalic  acid  solntion  e%'er)*  time  it  is  used.  This 
rnay  be  <1«hh'  most  conveniently  by  adding,  after  tlie  of>eration  is  com- 
ph't^'d  and  thi*  n-ading  of  the  burette  is  noted,  li>  c<',  more  of  the  oxalic 
Hilntion  nncl  titrating  to  the  same  pant  as  iKctore. 

The  oxalir  solution  k<H'[>s  bi4t<^T,  if  a  lew  ec\  of  strong  sulpburic 
acid  arc  adch'd   when   it  is   being  dilutcil   to    1    liter. 

Determinatioii  of  Color. — The  i*olor  of  wntiT  may  Ik-  observed  hv 
viewing  a  snflirieut  dc|tth  of  the  s^xH-inH^n  in  u  ghiss  rylindcr  agiiinst  a 
white  suriacc.  ( 'oh>r  may  Ik*  cx press* h1  quantitatively  by  ajmparison 
with  the  standards  for  tlie  ammonia  dcterminatira)j>i. 

Determination  of  Odor. — PIac<-  alitmt  200  e<\  of  water  in  a  oOO 
re.  iM-jker,  cover  with  a  wntcb-glass,  ;ind  lu>at  to  about  40°  C.  Give 
the  beiik*T  a  i*otary  mention,  so  that  the  water  is  set  in  motion*  remove- 
the  watcb-ghiss,  and  witli  the  nose  well  insirle  the  beaker  n(*tc  the 
character  of  t!ie  odftr.  Sonu-  analysts  prt*fcr  to  beat  tlie  water  in  a 
glass-stop^»ere<l  Ixittle,  the  use  of  which  permits  a  nmeb  more  thorough 
agiUition  of  the  water  bf^fon*  npplying  the  nf»se.  TIa*  ^nlor  should  b** 
designated  iiecording  to  th**  substance  which  its  presence  suggests. 

Determiaation  of  Keaction.^ — A  most  delicate  rmgent  for  alkalinity 
in  water  is  :i  1  pr  <*eut.  srjhition  of  toluylene-rtHl.     Fifty  ci%  of  water 
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^yAncdj  mlkaUne  will  f>ec«mK*  iriti*iiJ*elr  yellow  on  the  acJdttioci  of  2 
^3fr  3  dfopfi*  A  less  degree  of  alkalinity  will  cBttse  an  onmge  or  pale^ 
red  color.  It  b  so  deUcate  a  test  that  1  part  of  alkaline  carb«»nate  iu 
3,000,000  h  T^vm\ed  by  it. 

The  pre?^nce  of  aeid^  U  fihown  by  another  genitive  indic*ator,  lae- 
nioid.  Thi^  lh  not  aifet'ted  by  eirbonir  acid,  nor  by  ferroit^  and  other 
metallic  salt**  which  are  acid  to  Utmu.*,  but  i-^  alTected  by  ferric  :^li^ 
It  may  Im*  u^^ed  a.s  a  1  per  cent,  .^^olution  in  diluted  alcoboL  Phenol- 
phthalein  z^tliition,  O.^i  per  cent«  i<§  colorle^^  in  neutral  and  acid  ^dti- 
tions,  and  pink  in  alkaline.     It  is  affected  by  carlninic  acid* 

In  the  detenu imitiou  of  reaction,  a  dmp  or  two  i>f  the  indicator  may 
be  a^ldwl  to  a  volume  of  the  water  in  a  !uug  ghiss  tulie.  A  verj-  fiitnt 
ehange,  due  to  aruU  or  alkalies,  is  [>en^i>tible  ou  looking  do\ni  thn>ii^ 
the  column  Hguin?^t  a  white  Ixiekground.  If  the  reaction  is  acid,  the 
i^uipli'  ^Imuld  lie  boiletl,  then  cooIe<l,  and  tested  figain  to  ascertain  if 
the  aridity  ih  due  wholly  or  in  [xirt  to  c-arlxmic  acid.  Acidity  and  alka- 
linity an*  dL'terniined  C|Uaut}tatively  by  titration  with  centinormal  .s<du- 
tifyna  of  HKliom  hydnite  and  hydiTK-hlorie  acid,  using  lacmoid  or 
phenol iihlliijl^iii   au«l    riiclliy!-(*mnge  as  iudicatoiN, 

Determination  of  Turbidity For  the  determiuation  of  the  degree 

of  turbidity,  sevcnil  methwis  are  iu  use,  anioug  which  the  tullowing  may 
be  uieutiontMl  :  Miw>u  '  nx-omniends  standard^  made  by  adding  weighed 
nujouuts  of  bjolin  to  dislilltHl  water,  itu-h  rcprc^sentiug  piUt>;  jier 
IjOOOjIHiO  of  katJiu.  Wliipplc  and  Jackson'  employ  finely  }iow<lere<I 
illntonmcf'ous  earth,  insteail  of  kaolin^  l)e<^u.se  of  the  greater  uniformity 
in  the  fiize  of  tlie  |Mirticle8.  Hazen '  measures  it  by  detemiuiing  the 
<leptli  at  wliidi  a  OJ  nuu,  jvlatiuuiu  wii>'  can  nn  Icjuger  be  seen. 

Detection  and  Detemuiation  of  Lead. — ^Many  pn>c»esfies  have 
bif'U  [jruposed  inr  l^otfj  ([Ualitative  and  t|uautitahvi«  detenu iuatiiui  of 
this  m<jst  nudcsimble  eoutaminatiou.  The  simplest  test,  liut  by  iki 
nieauH  the  liesf,  ronsists  in  atldiiig  a  dmp  or  two  of  aninionium  siiU 
|iliidr  to  a  vohnuc  fd'  water  in  a  tall  s!:lass  eylinder,  and  noting  the 
€*hjH*sieter  of  (In*  dis<'olomtion  imNlnetHl.  If  darkening  iN-x'urs,  due  tn 
the  lornuHion  of  a  nietnllie  sul|ihide,  the  a<ldition  of  dilute  liydrfM^hloric 
acid  will  ilistinguish  iK^tween  lead  antl  irun,  the  sulphide  nf  the  latter 
lieing  soluble.  Tc»  those  who  have  lia*l  jmictieal  experieuce  in  de- 
tect i  rig  ndiuite  smx  in  lit  s  of  metals  in  water,  tlu^  method  is  tar  from 
Kilisfaetory*  Mure  or  le8S  color  is  im|i4irted  by  the  ammonium  sul- 
phide, and  moix'  or  les8  turhiflity  is  jir*xhiee<l  eonini*inly  on  the  ad- 
dition of  the  acid.  Moreover^  wln'U  uncTmeeutrated  water  is  used  for 
the  test,  no  reuetiuu  may  m-enr,  although  the  pHtsonous  metal  is  present 
in  minute  tmees. 

Another  siui[ile  test,  de[H'nding  upon  the  formation  of  lead  ehroniate, 
has  bt*en  offcreil  hy  S.  Harvey,*  who  claims  that  water  eontaiuiug  0.30 


'  Joumjil  of  tlie  Americjin  Chemit^l  Societji  XXI.,  p.  516, 
'  Ttn^mnlo^cy  (iuartt^rly,  XI 11.,  No.  %,  8ept<?mkK*r,  l^CHJ. 
*  Joiinuil  of  (lit'  FmiiKtiii  ItistitiUef  ISIH*,  p.  177. 
*The  Analyst,  April,  189U. 
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luilligmm  of  lead  hi  I  liter  will  nhow  a  turbid  ily  from  eh  rem  ink"  when 
!i.)*)  eo.  are  treatwl  with  (LH)  gniiu  uf  [x»tas?^ium  biehnmiute  ;  ami  that 
ill  twelve  hours  the  pnH:'i|)itate  will  settle  and  Ijeconie  .^till  niortMlistiuct. 

yiuee  i^raall  aruouut>  of  h^id  sulphide  remain  hi  siilution,  and  van 
be  sepmiti'd  only  with  great  difficulty  when  the  volume  of  water  is 
hirge,  it  is  b^st  to  nineentrate  the  sjiet-^imen  to  a  very  sniiill  bulk  before 
attemptinji:  to  preeipitate  tlie  le-ad,  Fmiii  this  iMjint  onwanl  the 
me  t  h  nd  s  i'  m  \y  1 1  nvt  1  y :  i  r  y  v  ery  eo  n  j^  i  d  era  My, 

Liebrieh  '  pRnnpitates  the  lt»4id  as  sulphide  in  acnd  solution^  converts 
it  to  sulphate  by  treatment  with  nitric  and  sidphurtc  acids,  and  dissoK^es 
this  by  warming  with  a  few  cc.  of  catistic  potash  ( 1  :  10).  The  solutl*Mi  is 
hltered  and  made  up  ti>  20  cc,  and  2  ec.  i*t'  annnoniiini  sidpliidc  ait* 
adth^l,  whercl>y  a  brown  color  is  prcHliH'<Mb  whicli  may  Ix^  compireti 
with  the  shades  laHHluceil  l)y  similar  treatment  of  equal  volumes  of 
illstilled  water  containing  known  amoyntn  of  a  i*oliition  of  lead  sulphate 
in  caustic  jMitasb, 

Antnny  and  iViielli  '  reconnnend  tiie  adtlitieai  of  mercurons  chloride 
before  pre**ipitation  as  sulphides,  Iwlieving  tiiat  tlierehy  no  trace  of  letid 
can  cscajX!  complete  separation.  The  condjineil  sulphides  are  filtereil 
and  drie<J»  then  heate<i  to  such  an  extent  that  the  mercury  salt  is  driven 
off,  leaving  the  li-ial  as  a  rcsjihie. 

Mr.  n.  W,  (lark/  alter  trying  all  known  methods,  finds  most  satis- 
faction in  the  following  prtxxsh  devised  in  his  laliomtory  :  3,500  ec. 
are  evap(»rate(l  to  25  or  llO  cc,  10  or  15  vc  of  a  in  m  on  i  urn  chloride 
solution  adtltKl  to  assist  sejniration  of  the  sulpliides,  antl  a  eonsidentble 
excess  of  strong  ammonia,  Hydrogi^u  sulphide  is  then  added  an<l  the 
tlish  allowtxl  to  stand  some  liours,  after  which  more  auinionia  and 
hydrogen  sulphitle  are  added.  After  boiling  to  exjicl  the  exc^ess  of  hydro- 
gen sulphide^  the  pn*(*i|)itatc  is  tiltcrcd  off.  It  contains  any  lead,  iron, 
4-o]j|>er,  ur  zinc  as  sulphides  ami  other  sns|>cndel  organic  and  mineral 
sniistauees.  It  Is  waslied  oiiee  witli  hot  wat<'r,  ami  the  ]iaf>cr  is  then 
l>oiled  in  dilute  nitric  acid  (1  :  5),  It  is  then  filtcrL^h  iiiid  washing  is 
coQtinned  im  long  a-s  any  acid  is  removed.  The  filtrate  and  the  wash- 
ings are  conwmtmtcd  to  about  10  or  15  cc,  cooled,  and  then  mixed 
with  5  cc.  of  eiUTcuntmtcd  sulphuri*!  acid  (speeific  gravity  L84)  and 
heatc<l  until  copious  fuujcs  of  sulphuric  acid  arc  evolved.  In  the 
absi'nce  of  miire  inai  than  0.025  in  100,000,  acetic  acid  and  ammonia 
are  abided  du*wtly.  The  mixture  is  next  boiled  and  tilt-ered,  all  the 
iron,  dehydnited  silica,  and  insoluble  lU'gauic  nuitter  Iwing  left  on  the 
psiper.  The  tiltmte  is  tht^n  usfxl  for  the  cf>Iori metric  determination  of 
lea*]  iiy  means  of  coui]>iirison  of  the  shade  ])roduced  liy  the  adtlitiou 
of  hydnigen  sul[»hidc  srdntion  with  a  set  of  standards  containing  known 
amounts  of  leatb 

With  more  than  0.025  intn  in  100,000,  the  prmx'ss  is  somewhat 
t  different:  the  lea*  1  sulphate   Ls  washed   into  a  l)eiiker  with  alcohol  and 

<  Chemiker-Zehiiiig,  1898.  XXR,  p.  225, 

'  Joiirtml  4i*  plmmineiu  et  de  ehemie,  1898,  No.  7^  p.  72. 

^  Loco  eiti&tu,  p.  582. 
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wfitt^r,  and  nllowiJ  to  staml  ovrr  ni^lu,  luul  thoii  filtered  oft* audi 
witli  r>(*  \^'f  rout.  aif<»liol    until  i'nv  tW>ni    inm.      The   lead  >nl|>l 
jheii  dissotvtMl  bv  Uoiling  tlie  filter  with  unimoniuni  acetate  in  a 
lain  di.^h.      Ex[*erienee  has  denioiiLstratetl  that  tbii^  prtK?ess  is  ( 
arrLirjte  and  reliable. 

The  author  finds  the  follow  inj;  jirores^  simple,  nipid,  and  iwHim 
Evaporate  o, 000-4, 000  ee.  of  water  to  alM)Jit  15—20  re.  in  a  jn*rrplail 
dish  ;  aild,  little  bv  little,  aiu!  with  |ri*iule  hmt,  suffieient  dilute  livJ 
elihnie  ari<l  to  tUstsolve  any  ineni^tatnni  of  sjUt.s  on  the  «ick8  and  WtfH 
and  to  gi%'e  a  i<!igld  aeid  rejietiim  ;  tlirn  add  5—10  cc,  of  hydrt>|yreii  ^uB 
phide  water  of  gcu*d  slren^li.  Ai\\  \vni\  present  is  pi*eeipitated  iti  a  ve 
tine  state,  l)nt  not  so  fine  bnt  that  tlie  entire  amount  can  be  eollp 
on  a  Hweilish  filter.  Wash  twiee,  and  then  trttit  im  the  filter  ^^ilbl 
iiifT  dilute  nitrie  aeid  until  the  l>laek  deposit  is  wholly  di8^>lvecl.  W* 
with  hot  water  as  hnig  as  the  washinjtr^  are  aei<b  and  atld  tbemtol 
niti'ie  aeid  filtrate'.  Kvapi>rate  to  ibyness  in  the  original  <lis1i,  ad<l  diij 
tilhHl  water,  and  agidn  dry.  Dissolve  the  residue  in  hot  distillo^l  >mm 
and  make  up  to  50  ex;.  Take  5—10  oc,  and  dilute  to  alioiit  80  i^y 
distilkMil  water  in  a  glass  eoinparison  tube  of  100  ee.  capiK'ifyj 
hydrogen  sulphide  water  in  sullieicvnt  aiucaint,  make  up  to  100  «•.  will 
distilk»d  water,  and  mix  thoroughly  hy  inverting  the  tube  a  numlxTf 
times.  Compare  the  tleptli  of  color  with  those  of  a  series  of  wIm 
eontaining  known  amount.^  of  lead  as  l«id  nitrate,  treated  with  hydn»- 
gen  siilphidr  in  tlu'  siime  way. 

Tlie  standard  solnti*in  is  made  by  dissolving  0.1*50  gram  of  pure  W 
nitrate  in   1    liter  of  tlistilled  water:   1  ee.  reprei^ent^  0.1  milligmon'^ 
lejid.     A    eonvenient   swde   is   made  with  1»  2,  3,  4,  5,  G,  7^  8,  y,  iUJ^i 
10  ce.  oi*  the  sohition  in  lOO  ci^      If   the  hydrogen  sulphide  water  if 
adtknl  after  diluting  to  about  80  ee,,  tlie  resnlt  is  a  series  of  sufficii'fithn 
elear   stan< lards   showing  sharp   and    regidar   stagi'S  itf  cnilor.     If  tk  , 
reagent  is  addal  l>efore  tlie  lead  stdt   has  been  suffieiently  dilutni  tk 
standanls  are  very  turbidj  and  are  laeking  in  the  very  essentiid  gnuia-l 
tioii  of  color, 

Shnuld  th(*  (lejith  of  cidor  obtainetl  in  the  |>re1iminarv  te>t  Ix- i^rt^K^'f 
than  that  given  liy  No.  10,  a  smaller  amount  should  Ix'  tiiken  and  ik 
experiment  rejX'ated.  Should  the  eolor  Ix'  x^ry  faint,  the  wh«»le*>nW 
remainder  may  he  tivated  and  eom|Kire<l.  Fn»m  the  ix'-snlt  obtaine«i  "^ 
matehing  tin-  CHhirs,  the  anitnint  of  lead  in  part.^  jkt  100,000  is  tu-i^' 
ealenlated. 

Example. — Ten  ee.  treated  as  above  gjive  a  eolor  reaetii»ii  mi(M* 
betwt^eu  standards  6  and  7  ;  hence,  one-fifth  of  the  whole  oontaios^-**'* 
niillignnii  of  lead,  and  the  en  tin*  annanit  eontains  3.25  millig^a^"'^ 
The  amount  \\i^  water  etmei'nt rated  was  ^*]  liters,  Henee  1  liter *>f^^^*''* 
etmtains  LOH  milligrams,  and  lOOee.,  or  100,000  mill igru ins  of  Tr»l*'^ 
contain  0.108  millignim  of  Iciid. 

Detection  of  Zinc.^ — One  is  reasonably  safe  in  a^Riiming  that  ^"^*^ 
whirh  has  lieen  in  ennlaet  with  galvanixed   inm  will  show  tho  prr;^**' 
of  /Jne,     This   may    be  ileterininiHl   ipiantitatively   by   evapontlin8l 
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quantity  of  water  to  a  small  bulk,  hmtiiig  the  latttT  with  a  sufficit^nt 
amount  nf  diluti^  liyilnR-hlork'  arid  in  order  Uy  take  up  any  cixidt^  ur 
carbonate,  and  tbeu  |>roetitiin^  U*  tlie  preei[*itatitni  ot'  ibe  >ulpliiiU^ 
aiWr  iuakiug  alkaliue  witii  ammonia.  Far  nualitative  pur  poshes  ^  a 
volume  of  water  h  made  slijrhtly  alkaline  witli  ammonia^  boiled »  and 
filterinL  Tlie  addition  of  a  few  drojjs  u(  k'st-,sfiluti<m  of  potiussium 
ferrf>eyauide  to  tbe  filtrate  will,  in  tlie  pre.senee  ol*  trat-e.s  of  zine,  eause  a 
whki'  }>rLH'ipitat(\  or  at  le^iKt  an  ojKilescenee,  which,  however,  may  uc»t 
be  distinet  withiti  a  half  liour. 

Detection  of  Tin. — Although,  so  far  as  known,  tin  in  wati^r  has  no 
sanitary  signitieiineo,  it  sometimes  is  desirable  to  ase*  rtain  its  prt'Si'ia't* 
in  water  and  in  other  substances.  For  rapifl  teslinj^  tin*  tliis  niLtal, 
the  me^th«xl  reeununendetl  by  C  Deniges  '  may  hv  employed.  Tliis 
dei^^nds  ujnin  the  faet  that  stannous  eom pounds  eause  a  n:Hhlisli-viok^t 
ecjlor  with  nitrate  of  brueine,  Tiie  brueine  solution  i>  made  by  dis- 
solving (K-)  gram  of  brueine  in  5  ee.  of  nitrie  aeid,  diluting  to  2oO 
ec.  with  distil IlhI  water,  lioibng  for  titb'en  minutes,  and,  after  c< wil- 
ing, makirjg  up  the  volume  to  250  t-e,  again.  The  water  is  evapt*- 
nitfHl  to  ilryness  with  a  little  hydroehlorie  atad.  The  residue  is  dis- 
solved in  a  very  little  water^  and  to  it  is  abided  1  re.  of  thir  brueine 
solution.  If  so  little  as  the  twentii'th  jKirt  of  a  milligram  of  tin  i.s 
present,  tht*  eolor  rhangr  will  hr  distinctly  shown  even  in  the  prest^net* 
of  iron  and  eojr^Mi^ 

Detection  and  DetermiBation  of  Iron.— Tliis  very  eomnnni  and 
fr(Mpu*ntly  troulOesome  eoustituent  of  water  is  deteeti^l  very  c:»>ily  liy 
etuui'Jit rating  a  suflieient  volume*  of  the  sanijile  to  a  small  Imlk,  con- 
verting the  iron  present  from  tlie  ferrotis  to  the  ferrie  tbrm  by  iKiiling 
with  a  little  nitrie  aeid,  and  adding  a  few  <lrops  of  a  sohition  of  potas- 
sium sulpinM-yanalc,  whieli  causes  a  derp-rcd  coloration.  By  nn^ins  of  a 
sade  matle  with  known  amounts  of  fcrrit*  iron  treatc<l  witli  the  same 
volume  of  ta?t-solntion,  the  amount  of  iron  may  b<^  dctcrmim'd  cjuite 
accurately.  A  stauilaixl  srdution  oi'  inm  may  l)e  marie  by  diss(>lving 
0.10  gnim  of  pure  metallic  iron  in  atpia  regia  and  diluting  tc»  1  liter 
with  distilltMl  water:  1  <'e,  represents  OJO  milligmrn  of  iron.  The 
I'omparison  scale  is  made  by  ililuting  progressively  increasing  volumes 
with  distilk»d  water  up  to  nearly  TOO  ci\,  adding  a  few  ee.  of  a  5  }M?r 
cent,  finlution  of  potassium  sid[)ho<"vanate,  and  then  making  up  to 
100  ce. 

Fiir  other  determinations  of  a  stric*tiy  tc(4mic  eiiaracttT,  the  rmder 
is  refernMl  to  tlu"  nuiny  excellent  tivatist*s  bearing  on  the  subJLrt.  — 


Inferences  as  to  Character  of  Water  from  the  Results  of 
Sanitary  Chemical  Analysis. 

It  is  imp*>ssible  to  fix  any  absolute  standanls  by  which  to  pass  u[>on 
tho  potability  of  water  without  reference  to  its  origin,  for  ^urfiice- 
waters  «innot  !^>e  judged  by  the  s^anie  stjindards  as  ground- waters,  and, 

^  Kfvue  interna UimaJe  J^*t  FalKilifaLioiiH,  VI II.,  p.  98. 


moreover,  those  which  ajiply  to  waters  of  either  clans  from  one  l(x»lit\ 
may  \*e  wliolly  iiiappUcalth;  U*  tho^e  from  another.  A  surtiic'e-'water, 
for  iti.stfinw,  may  witliout  prcjuilice  yield  an  amount  of  albiiiiiinoid 
arnnuinia  which  wool*!  be  most  f^iiBpiciou.s  in  the  aise  of  a  g^nnmcU 
water;  while  the  latter  may  iM»t>taio,  under  some  einMiiii.stanoi^,  an 
am«)unt  of  fn*e  ammonia  iiicf insistent  with  [inrity  iu  tlie  ease  of  the 
Inrmer.  A^iin^  an  amount  of  ehhiriue  which  in  a  water  from  DCsar 
the  scii  would  be  normal,  would  indiciite  in  unrtther  from  far  inlaud  the 
jiivsi-nce  of  scwa^c  nuittcr>* 

AuHuonia  may  Ix'  exiMX'ted  in  s*ime  amnunt  iu  any  water  ;  it  U 
ehanicteri,stic  of  decn*mjH»sitinu  vi*  i^r^anie  iiitro^niuus  matter  of  iiino- 
eetit  character  ns  well  as  of  sewage,  and  it  nmy  be  present  in  consider- 
able amounts  iu  b<tth  mvrmal  and  (Mil luteal  waters.  Fuitbeniiore,  it 
may  be  present  in  lii^her  amounts  in  water  frnm  an  nncontaniiiiatcd 
<li'c|i-lKin'<l  well  or  in  stored  nun,  than  in  jMillut*'*!  water  that  lias 
undergone  ehLinical  ehaage.  Albuniinnid  ammonia  may  be  yielde*]  in 
equal  amount^t  by  a  water  contamiiuttiHl  by  sewa^%  and  by  one  quite 
fi'tH*  from  it,  but  rich  iu  dissolvLMl  ve^a4ahle  matter  deriviHl  fr*>m  leaver^. 
Uiehness  in  mineral  matter  tuay  Ix^  prestnit  tHpially  in  ntmnal  and  |kjI- 
luteil  waters.  A  pure  water  may  Ix*  rich  in  m'trates,  while  a  8e\vagt»- 
water  may  have  lost  them  by  reduction.  Either  may  be  coloreil  or 
ihit,  clear  or  turbid,  and  fj<l(U^*us  or  otlorless. 

Then*  is  tme  (*unHtitnent,  however,  the  ]>resenec  (»f  which  iu  more 
than  measurable  quantity  is  a  ti>lend)ly  sun*  iutlicatiou  of  pollution, 
that  is  to  8ay,  the  nitrites ;  but  ttieir  al>sence  is  not  a  guarantee  of 
parity,  for  in  grossly  |xtlluteil  watei-s  they  may  l>e  wholly  wanting.  In 
^/ueral,  however,  it  may  !x^  set  down  as  a  siifc  ruk-,  that  nitrites  and 
hitfb  frei*  ammonia  together  mean  recent  pollution  ;  oecMUTintj  etititiiiii- 
ously,  they  indicate  constant  pollution  ;  and,  with  chlorine  fairly  alH>ve 
the  locid  normal,  ordinary  sewage  ctmtami nation.  High  anunotiia 
MMth  nitrites,  but  witli  no  markc<l  inereas**  in  chlorine,  may  indicate* 
eon  ta  mi  nation  Ijy  matters  from  manuri'd  farming  lan<l. 

The  results  obtained  iu  thi^  chemical  analysis  of  a  spei-imen  of  ^^ter 
are  often  quite  sntticient  for  tlie  formation  of  an  opinion  of  its  suit- 
ability or  uniitncss  for  geneml  domestic  purfwrses,  but  more  often  a 
knowletlgi^  of  the  sonrc**  and  tlte  surroundings  thereof  i>  net^esjiiary 
for  tbeir  int("lligent  interpretation.  They  may  he  such  as  to  indicatf* 
tiuU,  wliatcver  it.s  source,  the  water  which  yielded  them  is  veiy  goml 
or  distinctly  bad  ;  but,  ou  the  other  hand,  they  may  be  such  that  full 
kuowkxlge  (4'  all  the  iaets  is  inqx-ratively  iteeessar)'  for  the  formation 
of  a  eorriM't  juilgmcut.  A  wat^T  yielding  the  following  results,  for 
instan<x%  may  unhesitatingly  be  pronounced  to  \w  of  undouhttHl  purity 
so  fsir  as  chemist ry  am  determine,  quite  irresj^ective  of  source  (the 
figures  express  parts  jM:*r  100,000)  : 

Free  aminnnin    ,    ,    .  »    .                                                                     0.0002 

AlhuniimwiJ  amuionia  .    .                                                                   O.OOIH 

Nltm^en  hr  mtmtes  .  <MI24U 

Nitrogen  u»  llilfke^   .  OJ)f HX1 
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Chlorine 0.07 

Volatile  rcHldue 1.25 

Fixed  reaidue 1.60 

Total  residue 2.85 

Hardnew 1.00 

Appearance,  clear  and  bright. 

Color,  alwent. 

Odor,  absent 

Changes  observed  on  ignition  of  residue,  no  blackening. 

In  this  case  the  figures  indicate  almost  total  absence  of  organic  mat- 
lers,  and  but  slight  amounts  of  mineral  constituents.     There  is  no 

nggestion  of  contamination  of  any   kind,  and  the  only  conclusion 
':  ibat  can  be  drawn  is  that  the  water  is  pure  and  soft,  and  suitable  for 

tn  domestic  purposes. 
\     On  the  other  hand,  the  following  results  may,  in  the  same  way,  be 

tnfficient  for  unqualified  condemnation. 

Free  ammonia 0.4750 

Albuminoid  ammonia 0.0585 

Nitrogen  as  nitrates 4.600 

Nitrogen  as  nitrites 0.054 

I  Chlonne 4.27 

'  Volatile  residue 11.10 

Fixed  residue 23.30 

Total  residue 34.40 

Hardness 14.00 

Appearance,  clear  and  bright 

Color,  absent 

Odor,  foul  after  heating. 

Changes  observed  on  ignition  of  residue,  slight  blackening. 

These  results,  which  are  actual  ones  obtained  from  a  s])ecimen  sent 
to  the  author  with  no  statement  of  origin,   warranted  a  reiK)rt    of 
<ro88  pollution,  regardless  of  source,  for  the   presence  of  sewage  mat- 
ters was  undeniable,  and  under  no  circumstances  of  geographical  loca- 
tion could  any  other  report  be  made.     Inquiry  concerning  the  origin 
of  the  water  brought  the  information    that   the  well  from  which    it 
^me  was  located  at  no  great  distance  from  a  leaching  cess|)ool,  and 
^^  used  only  when  the  usual  source  of  supply,  a  spring,  ran  dr}'. 
fiepeate<l  attacks  of  illness  of  no  grciit  seriousness   had  been  noticed 
whenever,  during  the  preceding  three  years,  this  water  had  been  used. 
These  two  waters  may  serve  as  good  examples  of  undoubted  purity 
•nd  extensive  pollution.     Both  are  ground- waters,  and,  what  is  not 
without  interest,  they  came  from  one  and  the  same  small  inland  town. 
Such  results  as  the  above  require  no  long  consideration — they  speak 
l^^T  themselves.     But  it  very  commonly  happ<»ns  that  ev(Mi  a  single 
J**gredient  may   cause  suspicion  of  sewage   pollution   to  arise   when 
information  as  to  the  location  of  the  supj>ly  is  withheld.     Thus,  tlu* 
«niount  of  chlorine  may  \ye  ver>'  considerably  higher  than  the  lowest 
normal  commonly  observed  inland,  and  yet  well   under  the  amount 
^•^'lich  excites  no  adverse  comment  in  a  water  from  the  coast.     Thus, 
J5.85  partA  in  a  well-water  from  an  island  in  Boston  Harbor,  and  1  J^o 
**    another  from  the  l)orders  of  I^ong  Island  Sound,  may  Ik»  regarded 
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as  fairly  low  \  whilf^  if  fmuKl  id  springs  in  the  Green  Mouotaiii  raiige^ 
thry  wuyJd  lie  nm^t  tibnHnniilly  hi|^li  iioil  uf  niiit'h  sigiiiflcniiife. 

Aguiu,  sui'h  an  amount  nii^lit  come  in  coonet^tion  with  fair  yields 
of  tlie  ammonias,  antl  then  under  one  class  of  conditioii.s  the  oi^nic 
matters  would  a|i|Hntr  to  l>e  of  vegetable  origin  and  in  another  to  Ih»  a 
part  ttf  sewage. 

It  IS  also  iiniNissihle  to  draw  sharp  dividing  lines  between  small, 
eons  id  era  I  lie,  an*l  high  arnonnts  of  the  ammonias  ;  but,  in  ^•iieral 
tertiis,  it  nniy  l>e  statetl  tliat  up  to  0.005  or  OAHM  j>art  i>er  irH>,fM>0 
may  l»e  reganled  as  low^  from  thereabouts  to  OJUo  or  0J)20  as  ani- 
sidend)le,  and  Ijeyond  as  higli.  Measuralile  amounts  of  nitrites  are 
niufit  signifirtint,  while  nitrates  niay  run  up  to  several  whole  {leirt.'^ 
p«r  1011,000.  Thus,  it  may  rtudily  be  iniderstood  that,  in  the  major- 
ity of  eases,  the  results  should  Ik*  eonsidered  in  Cfaijunetioa  with  all 
material  faets  rctniu'<*t(.Hl  with  sijuiy"*',  surroundings,  and  op|>ortmiity 
for  receiving  pulhition. 


Bacteriological  Examination  of  Water. 

The  haeteriohtgicid  analysis  of  water  may  Ik-  divide*!  into  quanti 
tative  and  i|u:ditativc  detenni nations.  The  former  is  comniouJy  ex- 
tended tner  long  |»encids,  and  has  for  it«  ol>jeet  the  determination  of 
the  nijruial  Imeterial  content  of  a  given  water  sup]Jy  and  the  obsei*\'- 
anee  td  any  unusual  variation  thereiV(»m  ;  while  the  latter  is  pursiic^I 
for  the  purpose  of  iletermining  the  nature  of  the  organisms,  and,  more 
particularly,  whether  they  are  sueh  as  are  to  Ix'  found  in  the  excreta 
of  the  Iwrtly.  The  finding  of  f^iwh  dcK^  not  main  nwesr-arily  tJiat  the 
use  of  the  wattT  will  inevitaldy  jirmlut^e  disease,  but  it  indii^tes  the 
|)ossibility  and  |)rol>nhility  that  water  containing  non-[>athogt*nic  orgtin- 
isms  from  this  source  may,  if  not  to«tlay,  to*morrfjWj  or  later,  l>t»coiiie 
infe(*te<l  with  others  from  the  wime  soin*ce,  capable  of  acting  as  tlie 
exciting  cause  *rf  g^nivv  disiistcr. 

As  is  tlie  case  with  chemical  analysis,  it  is  inij>ossihl(*  to  fix  any 
standani  of  sufety  l)ase*l  on  ttie  mere  amount  expivssed  by  the 
r|uautitative  results,  since  it  is  tlie  nature  and  not  the  amount  nf 
the  contaminating  matters  vvhicli  determines  the  question  of  jjota- 
bility.  Hut  sudden  deviations  from  the  seasonal  nnrnud  suggest 
umisiad  acrvss  nf  contamination,  and  serve  as  warning>  t»f  iK»8sibie 
danger. 

The  isiilation  and  systematic  ^-tudy  of  the  various  s|ieeies  of  bacteria 
in  a  given  wntw  iu  determine  whether  or  not  tliey  may  \*e  patho- 
getiic,  involve  much  lalnir  and  nn  intimate  kuowle<lge  nf  bacterio- 
logical tedinic  which  c;in  Ih"  aetpHnnl  iinly  by  th<»n>ugli  training  in 
n  hacteriologictd  lidioratory»  Familiarity  with  the  niethfids  of  j*re- 
]»aring  i'ulturc  media  and  nuiking  cultures,  of  iBolating  f^jM'cics  ;uid 
studying  their  cliarac^tcTisties,  is,  therefore,  a  necessary  qnaUfieation 
fV»r  tlic  pursuit  of  huctcrinh>gical  examination  of  water,  and  anything 
\mnv  than  a  Inief  (mtlinc  of  spe<*ial   metlaHls  employ tnl   in   this  par- 
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pillar  tic'ld  of  rejsenroh  would  bo  twyond  the  scope  of  a  work  (if  this 

CoUectioE  of  Samples. — In  tjikiii^  sample.s,  it  is^  of  cmirHe,  nec^es- 
to  ob?<er\'e  the  most  rigid  |inx"autMais  agiiiost  tlic   intrfKhietinu  of 

aneoiis   <»rpiiiisms.      All   vt^s.sels    :?huuld,   thmTfons   \>v    absolutely 

k*an  tirid  sti^rilo.     Colk*ctk>u  may  he  made  either  in  small  bulb  tubes, 

I  drawn  out   into  a   [xiint   and   swiled   by  clostire  in  a  lam[>  tlaniej  or  in 

ikoittles  of  alxMit  20(*  ee.  capaeity  with  ground  stoppers.     The  bulliM  an* 

de  easily   by  any  I  km  ly   who  hfit^  had   ordinury  experience   iu  quali* 

llaitive  analysis.      By  tlie  a|j]>lieatiou  *>f  the  heat  of  a  lamp  ininnMliaiely 

Irfore  sealing,  or  by  vapori/ing  a  dnip  of  eontatiu^l  water  by  the  same 

ni»';in8  and  M^alin^^  ju-^t  as  the  hist  of  the  *teani   is  esejipiu*^^,  tliey  will 

wutain  l)tit   little  air,  and  when  uaed  are  filleil  easily  through  the  iu- 

rJiivDcc  of  the  imrtial  vacuum. 

In  taking  the  saniplu,  the  jx>iut  is  lutrmlut^Ml  Ixlow  the  surface  of 
ll«' water  and  then  bnikeii  of!"  with  sterile  forceps.  The  bull)  is  tdhnl 
|wrtly  aluKJSt  iiiiinediately,  :iml  then  the  bn»keu  point  is  sealtHi  as  he- 
fore  by  the  applit^tiorj  of  heat  from  a  gas  flame  r>r  alcohol  lamp.  If 
kittles  an*  usetl,  they  should  first  be  washe<l  on  the  outside  in  the 
^ttr  to  Iw  .s'lnipled,  and  then  pluogr^il  beneath  the  surface.  The 
*to|i|»er>  are  theu  withdrawn,  and,  when  lilling  is  eoTupIeted»  they  are 
n'f>laceih 

If  auy  eotjsidcral^le  time  must  elapse  iH^fore  enltures  can  Ix'  made» 
tlif  gamplei^  should  be  piickc^l  iu  ii"e,  in  oiiler  to  retanl  iuulti|jli«itiou 
<»f  the  confaine*!  Inu'teria  ;  and  since  very  hiw  tetn[jeratur<s  have  no 
kinriful  inrtueuee  ou  the  vitality  of  tlie  organtsnis,  the  luiiiitiou  M'  a 
*niiill  amoimt  oi'salt  Ui  the  iee  may  be  of  advantage,  although  fre<^ziug 
^^mU\  not  be  |H'nuittc*d,  ou  account  of  the  dau^rer  of  bursting  the  cou- 

Planting  the  Samples. — If  pos>iibk%  the  pinnting  shrtnid  be  accom- 
iJi-^litd  on  tlie  spot,  on  aeeouut  of  tlie  multiplication  which  \r^  ijievitable 
^'ith  delay.  If  this  is  not  pfjssible^  no  greater  delay  should  be  j»er- 
ftiittftl  than  is  alis4ilurely  n«x*essarv, 

Ft*r  qualitative  detcrrninatioua^  two  set*^  f*f"  plates  should   he  math'  : 
**»e<»ii  gelatin,  to  l>e  kept  at  ].H°^22^  C.  ;  and  one  on  agar-ag:ir,  to  In* 
'"ciihati^l  at  :^7°^^H°  C.     When  working  an  a  water  of  unknown  char- 
acter Idtlierto  unexaminKl,  <litfereut  amount**  of  the  sample — 1,  2»  ^1, 
•*fic|  more  drops — should   be  used,  since  one  can  have  uo  detinite  idea 
"^    ith  bacterial   ric*huess. 

In  tpiantitative  work,  the  amounts  takru  ^llould   U*  uu^iisurwl  %vith 

!**-  grititest  accuracy,  ^|)cH?ially  when  prcliininarv  iletermi nations  have 

**><>wti  8ueh  a   number  of  organisms  as  to   make  great  dilutiou  with 

«torilc   water    u**cessiiry»    frir    any   departure    f"ri*ni   aiisolute   aeeumey 

''^ttnduees  an  error  wtui'h  will  be  nudti|>lie4l  acr'ordlug  to  the  degri*c  i»f 

''ilution, 

AVhen  hidb  tuln^^  aiT  used,  their  contents  are  exjR'lled  with  the  aid 

*     ISiMitle   hejit.  which   causes   tlje   small   amount    of  coutaiue^l  air   to 

'"^fiaad  and  force  the  liquid  through  the  stc^m,  which  is  br^ikeu  at  the 
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point  by  pressure  from  sterile  force})s.  The  expelled  water  is  reoeivei 
in  a  sterile  tube,  from  which  it  may  be  withdrawn  in  a  sterile  gradnated 
pipette. 

Quantitatiye  Determination. — The  value  of  quantitative  determi- 
nations lies  in  the  comparisons  which  one  is  enabled  to  make  from  i 
series  of  jKTiiRlic^l  examinations  of  the  same  water,  for  the  infonnatioo 
to  be  derived  from  a  single  examination  has  very  limited  utility.  Br 
means  of  j>eri(xlical  counts,  one  is  enabled  to  form  an  idea  of  the  con- 
ditions normally  present  under  different  circumstances,  and  to  note  at 
once  any  disturbing  influence.  Quantitative  determinations  are  of 
sj)ecial  value  in  noting  changes  in  the  efliciencv  of  sand  filtration  of 
public  supplies. 

Knowing  from  preliminary  tests  or  from  past  experience  how  much 
water  should  be  taken  for  each  plate  or  roll,  and  the  degree  of  dilution 
necessar}',  two  sets  are  made,  one  on  gelatin  and  one  on  agar-agar,  and 
the  growths  allowed  to  develop.  Grelatin  cultures  are  kept  at  18®-22® 
V. ;  the  other  are  incubated  at  37°-38°  C.  The  lower  of  these  two 
ranges  of  temperature  is  much  more  favorable  to  the  multiplication  of 
ordinary  water  bacteria  than  the  higher,  and  consequently  it  will  be 
found  that  the  colonies  developing  on  the  gelatin  will  he  decidedlr 
more  numerous  than  those  on  the  agar-agar.  In  expressing  results 
therefore,  mention  should  be  made  of  the  culture  medium  employed; 
and  in  making  comparisons  of  one  day's  results  with  those  of  another, 
the  importance  of  limiting  them  to  figures  obtained  under  like  condi- 
tions of  culture  medium  and  temperature  is  too  obvious  to  need  farther 
mention. 

The  counting  of  the  colonies  should  be  undertiiken  always  at  the 
expiration  of  fixe<l  intervals  of  time,  since  more  and  more  develop  from 
dav  t(>  day,  jMirticularly  on  agar-agar.  For  assistance  in  counting, one 
may  employ  the  well-known  Wolttliiigel  apparatus,  or  one  of  the  sev- 
vn\\  modifications  thertH)f;  or,  what  is  more  simple,  may  have  the  bot- 
toms of  Petri  dishes  or  under  surfjuvs  of  the  ordinary  glass  plates, 
wliichever  are  nse<l,  ruled  off*  in  scjuare  centimeters  by  means  of  a>vrit- 
in^  diamond.  The  entire  number  of  colonies  on  the  plate  inay  k 
eonnt<Kl,  or  those  falling  within  a  certain  number  of  squares  niay  he 
averap'<l  and  the  result  multiplie<l  by  the  whole  number  of  spaots 
covered  by  the  eiiltiin*  nHH:linm. 

Drs.  W.  lless<»  and  Nieilner'  have  proposed  a  method  for  quantita- 
tive determinations  which  obviates  the  use  of  nutrient  gelatin  and  aH 
tlu'  att(Midant  disadvantage  due  to  liquefying  bacteria.  Their  m^^ 
im|x>rtant  recommendations  are  as  follows : 

The  amount  of  water  planted  jK*r  j)late  should  be  such  as  will  pro- 
duce no  more  ecJonies  than  may  easily  and  accurately  be  counted;  that 
is  to  siy,  not  more  than  a  hundred.  At  least  five  plates  should  be  pre* 
partnl,  and  if  these  yield  results  fairly  in  agreement,  their  average 
should  be  taken  ;  but  if  any  plate  gives  figures  more  than  100  p^J 
cent.  remove<l  from  the  mwrn,  it  should  be  discarded.  These  should 
*  Zeit*<chrift  fiir  Hygiene  und  Infectionskrankheiten,  XXIX.,  p.  454. 
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be  kept  at  n>«)ni  teniiH-rature  jmhI  in  tin'  dark  its  Inii;^  a.s  new  culonie,*t 
develop,  that  is,  for  two  to  tliree  weeks,  at  the  end  of  which  time  one 
may  make  counts  whieh  will  have  Hiine  elaini  to  aeeuniev.  On  aecount 
of  the  evajKiiation  that  ocrars  dnriii^  tfiis  time,  it  is  nee<'ssirv  t<t  m^i^ 
ior  ejieh  plate  at  least  10  ee,  of  <*ultnre  me<lium.  The  most  siiital>le 
medinm  is  maile  with  1<2-j  parts  of  agsir-a^r,  0*75  p«irt.  of  albmiifise, 
anil  OH  parts  of  distilled  \%'ater.  (ielutiii  shonld  not  be  usedj  on  atx'onnt 
of  the  ni|Mdity  with  whieh  plates  made  with  it  bt^'ome  nstJess  on  aeconnt 
<if  the  liipielyinj^  eoloiiies,  whieh  obstruct  some^r«iwths  and  dissolve  and 
w^tsh  others  jiway.  The  rnedinrn  above  deseribtAl  possesses  the  aiU'an- 
latfe  thiit  it  nwds  no  addition  of  aeid  or  alkali. 

Qualitative  Determination. — Tlie  *"hief  inte-rest  iT»  i]nalitative  ex- 
amination of  driiikinir-water  lies  in  the  solution  of  the  ipastion  whether 
or  not  intestinal  baeteria  are  pres<*nt.  Platt*s  may  lie  prefwired  an*l  jnv- 
serval  in  the  same  manner  as  for  ([nantitative  wn*rk,  exe^^'pt  that  tlie 
amonnt  of  water  phmte<l  needs  m>  aernnite  measurement,  but,  on  ae- 
eonut  of  the  usual  ^rt^at  pret>oudei'arn'e  of  the  eommon  harndess  bac- 
teria,  it  is  rarely  the  ease  that  one  ean  isolate  the  jiathfig^erde  varieties 
wilhotit  recourse  to  s[»eeial  metlicxls  whieh  iavor  their  growth  and  at  the 
same  time  kill  off  the  others.  One  such  method  consists  in  incubating 
the  sample  with  bouillon  for  thirty-six  to  forty-eight  luairs  at  ;^7^-^lH° 
C,  an<l  then  prejjaring  j4ates  in  the  usual  way.  The  (I'onunmr  baeteria 
are  in  tltis  way  snbjcetwl  to  eimditions  inifavtiraljle  to  their  ^rowtlj  and 
vitality,  >vhile  muitiplieation  of  the  patfiogenie  varieties  is  proniote<L 
Another  method,  de[M*nding  upon  tlu*  resistance  of  the  typhoid  orgim- 
ism  and  7>.  *yiil  rfitirmtuti.^  to  the  a<*tion  of  dilute  earbolie  iind  hydni- 
ehlorie  aeids  and  tfie  powerful  influenee  of  these  agents  on  the  eommon 
water  baeteria,  eonsists  in  incubating  a  few  drops  of  the  S4ini|j)e  in  10 
ee*  of  biuillon  eont^dning  a  few  drops  of  a  solutuai  of  5  parts  of  ]ihenol 
and  4  <jf  hydrf>eldorie  aeid  in  100  of  distille^l  w^ater.  The  Ixmillou 
is  ini'nbattHl  tii>t  with  the  jdienol  mixture  fVir  twenty-four  hcan*s  at 
37°  (.\j  and  then  receives  the  s^imple.  After  farther  inenbatiou  Jor 
twenty-four  htairs  or  longer,  jdate^s  are  made  in  the  usual  way  and 
the  resulting  growths  systematieally  stndie<i  Still  another  pnH'eSvS  is 
that  of  Professor  Theol>ald  Smith,'  whi>  nnxmi mends  the  addition  of 
a  fi'w  ch'ojis  of  the  wat(4'  to  tionilhui  eojilaining  2  per  eent.  of  glueose» 
and  iueufjating  in  fernn/ntation  tubes  at  ♦}7'^-*lS'^  C,  for  thirty-six  to 
forty -eight  hours,  at  the  end  of  whieh  time,  if  gas  has  aecnmnlatetl  in 
the  end  of  the  tut>t*s,  plates  are  prepared  in  the  usual  way,  Ilv  this 
pr<M'ess  it  is  jwyssible  to  seeure  pure  eultures  of  the  intestinal   iKicteria. 

For  the  deteetion  of  R  rttit  in  water  snpjjlies,  the  use  of  neutrabrinl 
has  been  projJosBl.  Kothberger,'  in  IHl^H,  found  that  ttus  eolor  is  re- 
diuxnl  by  this  organism,  but  n<it  by  B,  fi/phosm,  and  is  elianged  to  ean- 
aiy-vellow  with  gn^n  flnoreseenee,  I^ater,  he  diseovertfl  that  eertain 
anaerobes  have  the  same  power  (/>,  hianif  IL  a'ficimdU  mfdupti^  H.  ttn^ 
iftraci^  HipDpfojmUict),     The  majority  of  the  aerobic  pHthogeuic  bacteria 

*  Anwrrnin  Juiinml  tif  I  lie  Afetlk-al  iSi>k'n<_'L's,  Si^jik'nibur,  1895, 

*  Cen trail b la tt  fiir  liakttnulogie,  etc,,  XXI  V\,  p.  513. 
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hiixv  bt>cti  testetl  with  iic-giittve  rc't^uU^.     tScheffli?r '  found  the 
to  be  con8tnnt  in   his  iiivestigiition  ul'  li   hirge  number  of  raoesof  ^ 
<'f>//,  and  etincliKkMl  tfint  urtrjnji.mns  which  give  negative  results  marl 
ext'hjded  trnio  i\\v  roll  ^mup, 

Makgill"  fuuiid  that  IL  htaui  nwA  B,  n^demati^  vialifpii  pri«lu«v 
same  etteet   as  B.  coli    in  gliiei*st^ognr  even  when  the   surtiiee  of  i 
niHliuiii  is  exjxwtd  to   air,  l>iit  iti  biiuillim    tlie  an?ienil>e8  produce  1 
react  inn    only    wheti    oxyircn    h   i^xcliHlt^l,      Hp   distH>vt»red   that 
meaenfeririiii  vhiingt's  the   rcil  to   a  thill   omngt*   Iw^tli    in   bouillon 
in  glutMi.se-uffar.      His   ex|»erimeiits   thus   far  seem    to  indicsite  tin 
water  prudncing  a  tyjiii-al   eanarv-vellow  in  neutnd-rc^l  m€<iia,  witl 
iurty-ci^^iit    lioars  in   bonilUm,  and   awompanttHl    in    glnn».<e-mr*ir  I 
gr-een    (Inorescenee  and  giis  formation,  may   l>e  eonsiderecJ  to  cnnti 
Jk  <W/.     He  tintls  that  1  t**  5  organism?-  |ter  re.  will  prtRlut'e  the  I 
tion  in  bouillon  within  twenty-four  hours,  and   hirge  numljers  ^ 
twelve  li.oui's.     He  I'onelndes  that  nentni!-red  aftbi'ds  a  rapid  and 
delic^ate  test  of  the  [iresence  of  i>.  co// ;   that,  nsini^  vur\'ing  fjujnitirif* 
<»f  water,  a  roog'li  estimate   may   be  obt4iioc<l  of  tlir  niiinlxT  f 

that  a  negative   resnit  with  a  fair  sample  is  evidence  of  their  i^t    

iind  that  iarther  investigation  is  needcnl  to  show  that  the  reaction  is 
prtsitive  evidence  of  their  presence^  alfhougli  in  his  experiments  it  mi 
present  wiienevtT  tht^  rea<*tion  fu'ennxnl. 

Savage,-*  using  glucose  nitHli!i  (l>roth  or  agar  omtaining  0.5  i^erwot 
of  gluet)se),  Ibund  that  agiir  gives  the  best  results.  He  warns  agaiMl 
employing  an  excess  of  neutral-red,  for  it  may  not  l3e  reduced.  His 
lirst  results  were  ihnn  0,1  cc.  of  au  0.5  prr  crnt.  at|Ue<uis  wJiitioofif 
(trubler's  iunilnil-ri'<l  addid  t«>  1()  ee.  of  broth  i>r  agar.  Fn»m  tk 
I'ewultw  of  an  extensive  series  of  experiments,  he  c«»ueludes  that  a  pctJi- 
tive  reaction  is  m^t  absolutely  diagnostic  uf  B.  foli^  but  in  tlio  va?t 
maj«irity  of  cases  ptJints  to  its  presetice  ;  that  a  negtitive  reaction  A(^ 
not  <»xrludc  it,  but  makc^  its  presence  highly  iuipnibable  ;  and  tluit  tin 
test  is  vcr>^  easy  to  apply,  autl  itf  gn/at  value  in  the  routine  exauuiiatH'Ei 
of  water. 

For  tlio  det4:'etion  of  tlu*  cholcni  orgtuiism,  Koch  recommends  iim*- 
bating  KM)  cc,  of  the  sus]X'rt(^l  water  with  1  gram  mch  of  s^diurw 
eidoridc'  and  jH'ptone  at  iiT^  C,  and  [>rcparing  therefn:>m  at  intcniil' 
of  ten  to  twenty  hours  agar-agar  plates,  tVoni  which,  if  colonies  dt'Xiloj*. 
t*ther  plantings  may  be  made  for  ^stematic  investigation.  For  the 
<leteetion  of  the  choleni  oriranism  in  small  numbers  in  the  (iresemT  of 
watcT  ba<'teria.  Dr.  Arens  *  has  fonnd  c^mstie  potash  <jf  assisumrc,  .hkI 
re<'omioend>  inculcating  1  To  <■<%  of  water  with  25  vv.  uf  pancreas  iKmill"'' 
t^ontainiiig  fmni  0.10  tt>  O.Hi  grain  of  the  alkali,  by  means  of  whid>y'^ 
growth  of  the  orgtinism  is  favontL  Dr.  Autm*ht;Svorking  on  siniil*y 
lines,  foufid  that  the  develo|jmeHt  4if  the  rtrganism  is  favored  hy  p'W*'^ 
eontaining  I  jmt  (vnt.  of  eanstic  sfida. 

*  (  enlnilhlsitt  fiir  PijiklerioloRie,  t-U-..  XXVIII.,  p.  19R 

*  .Tiiyniul  of  lly^ems  OL'toWr,  l'.K)l^  p.  430.  *  ItiiiJen],  p,  437» 

*  Miiiicliener  tiitHlicinist'lie  Wm^hetiHclirift,  ^I.-in-h  7,  18^3. 

*  LijiitnilbiaU  fiir  litiklerioIt>gio  utid  Panusitenkunde,  March  23,  ISiWi 
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Comparative  Value  of  Chemical  and  Bacteriological  Analysis  of 

Drinking-water, 

As  the  science  of  l>acterii»lot^y  begun  to  devel(»p  and  take  the  j>nsi- 
tiuii  to  wliicjh  its  imix)rtauw'  g:ive  it  a  titk%  its  disciples  coiictiived  a 
•shTJiig  prt^j Lidice  against  and  contempt  for  any  i^pinitm  as  to  the  pita- 
liility  of  a  jKirtieiilar  vvatpr  Ijiised  iijmvti  clicniieal  analysis,  maintaining, 
ipiite  correctly,  that  niinuli-  amounts  of  amrutmia,  albamimnd  ammonia, 
anil  chlorine  arc  iucajxible  of  acting  tus  tfie  exciting  c^iuse  of  infet-tive 
dist^asr,  and  that  not  tlicsc  substani'es,  l>nt  only  spet:iHc  oi^uiisms  not 
ilcmoiistralilc  by  cbcniical  prfK-esses,  am  so  ju't.  It  innst  be  conwd<^l 
that,  for  a  time  prior  to  tlu*  discovery  of  the  natnre  of  the  inftn-tive 
agents,  the  iin[M)rtanc*c  of  tlie  results  of  eheniit^at  analysis  was  gmssly 
exaggerat<>d,  and  that  arbitrary  stanilards,  such  as  were  e^^talilisjied  by 
the  Rivers  Pollution  Co  mm  is  si  oners,  n[Min  which  conclusions  were  based, 
liavi',  in  the  liglit  of  furtlier  cxjM'rit'iict^  been  abandoned  as  absurd  and 
untrustwtjrthy.  But  it  mnst  also  Ix^  cunceikHl,  evt-n  l>y  those  who  were 
most  caustic  in  their  eriticisni,  that  chemistry  is  toniay  equal,  if  not 
superior,  to  bacterioh jgy  in  indicating  [Kiasiljlt*  danger  irom  the  use 
of  water  exposed  to  ciHitaminating   inllnencas. 

In  the  earlier  days,  mucli  *"a|»ila!  was  made  by  bacteriologists  of  the 
fact  that  a  sample  of  water,  imK'idattil  with  a  cnlture  of  the  bacillus  of 
typhoid  fever,  was  reiK>rted  by  a  chemist  of  high  st^inding  as  of  gretit 
pnrity  and  eminently  siii table  for  domestic  purposes.  Sncli  a  test, 
hi m  ever,  is  unwtathy  of  tlie  slightest  considemtiiai,  since  under  natural 
tM^nditions  a  water  showing  a  higli  degrn.^  of  (4ieniieal  pnrity  is  n*)t 
likely  to  Ik*  inftH'ted  wifh  a  jnire  culture  of  a  |)athogenie  organism,  and 
tlie  submission  af  a  pui\*  water  so  treated  is  a  mere  traj),  tlie  setting 
of  w*hich  is  no  more  pi^fise worthy  than  w'onld  be  the  sending  of  a 
sterile  s<ihttif»n  fif  cyanide  of  potassium  nv  of  sulphate  of  strychnine 
to  a  bacterioli»gist  with  a  request  ibr  an  opinion  fr<nn  the  standj>oint 
of  hiH  8pe(^ialty  as  to  its  desirability  ns  a  l>everage. 

Chemical  analysis  can  shcjw  the  |)res€nce  of  organic  and  mineral 
nnpnritv  snch  as  aecinnpanies  iufe(*timis  mattt^rs  from  the  intestine  and 
bladder.  It  (*annc»t  give  grounds  for  a  positive  assertion  that  the  use 
of  a  water  thus  j>ol luted  will  ine^'itably  catise  disease,  but  it  can  and 
does  serve  to  {x^iut  ont  possible  danger.  It  can  detect  the  presence  of 
sewage  matters,  and  whih*  it  caimot  ])rove  the  [irt^sence  of  infei^tious 
material  therein,  it  can  at  least  ]>fiint  4uit  that  the  rtceurrence  of  typhoid 
fever  in  the  eommunity  furnishing  the  sewage  is  likely  to  In.'  tbllowed 
by  fJther  cn^n^i^  of  tlie  disease^  in  tlie  community  which  uses  the  polluted 
water.  It  cannot  distinguish  tyijlioid  |>ollnti<m  from  any  other  excre- 
meiitid  c(uitamination^  since  a  healthy  biHly  yields  the  same  chemical 
substances  as  one  that  is  diseasi'd.  In  the  case  of  waters  containing 
un  evideuoe  of  contamination,  it  can  sn]>ply  the  basis  of  an  opinion  as 
to  safety,  but  it  (*annot  furnish  any  guaranty  that  the  condition  b  [rer- 
manent. 


418  WATER. 

Bacteriological  analysis  differentiates  between  pathogenic  and  dod- 
pathogenic  contamination,  but  it  is  only  rarely  that  it  serves  to  poinl.l 
out  danger  in  advance.  Even  when  an  outbreak  of  typhoid  fever  \m 
occurred  and  attention  is  drdwn  thereby  to  the  condition  of  the  witer 
supply,  the  results  of  bacteriological  examination  are  generally  negative^ 
The  reason  for  this  is  twofold.  In  the  first  place,  the  examination  for 
the  detection  of  the  specific  organism  is  not  ordinarily  begun  ontii 
attention  is  drawn  to  its  necessity  by  an  outbreak  of  the  disease,  whiefc 
does  not  appear  until  about  two  weeks  from  the  time  contaminatioi 
has  occurred.  Unless  the  contamination  is  continuous,  by  the  time  the 
examination  is  instituted,  the  polluting  materials  have  either  passed  oi 
or  the  specific  organisms  have  perished.  In  the  second  plac^  even 
although  they  are  present,  with  our  present  methods  it  is  not  an  wf 
matter  to  isolate  them,  and  we  can  determine  in  most  cases  only  the 
probability  of  their  presence. 

It  should  be  borne  in  mind  that  the  organisms  are  particulate  bodies 
in  suspension  in  great  dilution,  and  that  their  distribution  is  not  homo- 
geneous as  is  the  case  with  substances  in  solution,  and  that,  therefore, 
the  amount  of  water  taken  for  planting  plates  may  not  contain  them. 
But  in  the  unsuccessful  search,  it  is  not  uncommon  to  find  B.  coS 
communis,  and  where  this  organism  lurks,  the  other  may  have  beea 
present. 

As  a  rule,  bacteriological  search  for  the  typhoid  bacillus  has  given 
negative  results.  Laws  and  Andrews  failed  to  find  it  in  the  sewage  of 
London,  although  it  must  have  been  present ;  and  they  had  but  dight 
success  in  the  examination  of  sewage  from  a  hospital  where  forty  ca»8 
of  the  disease  were  being  treated.  The  reason  for  this  may  be  that 
through  absence  of  suitable  food  material  and  favorable  temperature, 
and  by  reason  of  the  antagonistic  influence  of  the  ordinary'  sewage 
bacteria,  the  typhoid  bacilli  had  lost  their  vitality ;  or  it  may  be  that 
they  were  so  dihited  that  the  volumes  used  for  planting  failed,  as  a 
rule,  to  contain  them.  Examination  of  the  water  supposed  to  be  con- 
cerned in  the  unusual  outbreak  at  Maidstone  yielded  absolutely  nep- 
tive  results,  although  no  reasonable  doubt  can  exist  that  at  some  time 
they  had  bei'n  present. 

Professor  Percy  Frankland,  who  has  had  a  large  experience  in 
dealing  with  micro-orgiinisms  in  air  and  water,  says  :  *  "  The  det<x?tioD 
of  specific  pathogenic  bacteria  in  drinking-water  is  now  known  to  1* 
almost  beyond  the  range  of  practical  politics,  and  the  search  forsiK'h 
bacteria  is,  in  general,  only  carriwl  on  in  deference  to  the  special  requcj^t 
of  the  layman,  the  uninitiated,  or  the  hopelessly  ignorant,  whilst  it  can- 
not be  rei)eated  often  enough  that  any  fc*eling  of  security  which  may 
be  gathered  from  an  unsuccessful  seiirch  for  pathogenic  bjicteria  is  wholly 
illusory  and  in  the  highest  degree  dangerous.  ...  By  far  the  b(^ 
important  service  which  has  been  rendered  by  bacteriolog}'  is  the  mean? 
which  it  aifonls  of  controlling  the  efficiency  of  filtration  and  other 
purification  processes.  The  slightest  irregularity  or  defect  in  the  proc- 
*  Journal  of  the  Sanitary  Institute,  October,  1S90,  p.  393. 
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e!^8  of  filtration  is  at  one<^  kid  Imre.  Biiet^rio]<>gical  purity  of  well- 
wiiti-^r>^  can  alsii  he  salisfaotiirily  iHiutntlltil/* 

Prufi'ssor  \V.  H*  HnriTK^ks/  t*>o,  rciuarkin*^  ou  the  liiot  tliat,  if  ii 
('<>nsit!t^ral »lt^  time  bus  riapyctl  isinre  tlir  in'cnirreiiei^  of  polliitioit,  the 
Uicteriolo^ioal  tlt^t^otioii  of  the  same,  especially  when  waters  of  great 
original  purity  are  eoneerned,  beconu^s  more  ami  more  difficult,  adds  * 
'*  It  is,  therefoR',  evid(^iit  that  a  iKicteriologicjil  examination  has  its 
limits  of  asefuliiess,  aud  a  shivish  adherenc*^  to  it  under  id!  conditions, 
iimibineil  with  netrk^et  of  the  hints  t*»  Ijc  obtained  hy  cheniiciil  mcuns^ 
may  hud  to  a  jK^rfei'tly  erront*oii«  judgment.  Still,  there  la  one  branch 
of  hy^i<^nie  study  in  wliich  bacteriiJiij^y  nnist  always  reign  supreme  ; 
it  is  now  acknowledged  on  all  si<les  that  tlie  working  of  siiud  filters 
for  pnhlic  water  supplies  mnnot  be  properly  kept  under  control  except 
by  upiH»aling  to  baetcriologicid  methods  of  examination.'* 

A  p«isitive  result,  tlie  first  instimee  in  whieli  the  orgtmism  isolated 
re>jMnit!cHl  to  every  test,  inelnding  growth  on  gelatin,  imtiitn,  litmus 
milk,  hfiuillon  and  gluctise  Ixjuilhin,  agglutinatitvu,  ami  PfeifferVs  test 
with  animals,  is  re<'orde*l  by  Drs.  Kit  bier  and  Xeufe  Id.*  In  this  ca^e, 
the  rause  of  the  dise:ise  lay  in  the  use  of  water  fVt)m  a  well  infecttxl 
by  the  urine  of  a  jierson  si<'k  with  the  disease.  Four  weeks  from  the 
time  of  the  first  exani[natic»n  when  l!ic  bacillus  was  isolated,  a  second 
analysis  wm^  nuidf,  which  yirldtil  bacilli  which  res|*onde*l  to  all  the 
tests  excepting  Pfeiffer's,  whirli  exception  was  supposetUy  due  to  m*>di- 
fied  virulence.      No  colon  imcilli  were  present  either  time. 

A  second  instance  is  recorded  by  F is* -her  and  Flat^in,^  who  isolated 
the  I  organism  from  a  well -water  in  Kellingen.  Similarly,  a  second 
attempt,  made  Ibnr  weeks  later,  was  unsut-cessfuL 

From  what  has  gone  before,  it  may  be  said  that  neither  chemical  oor 
baeteriologiral  analysis  is  infallible.  Each  has  its  uses,  and  each  may 
hr  1u'1|mh1  by  the  rjtiicr.  The  vahie  of  either  lies  in  the  skill  displayed 
iu  interpn'ting  the  resuUs,  aud  this  rc^pdres  as  much  knowledge  as  the 
making  of  the  examination  itself. 

'  Baeterinlugiciil  Examination  uf  Water,  Lomlon,  190L  p.  3 

'  Zeifwfhrift  fur  H\7?ieiie  uiid  InfeftiiiiiHkninkbfili'n,  XXXL  (1899),  p.  133. 

*  tVnlralWatt  fiir  bakteriolugie,  etc,  XXIX,  |i.  329. 
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HABITATIONS,  SCHOOLS,  ETC. 
Section  1.     GENERAL   CONSIDEEATIONS. 
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luiiilt  uprin  projK'r  sit4*s,  lri»o  i'nmi  diiiniMioss  ainl  ur^ank*  pulliitiou  - 
they  sh<jtiJil  hv  prn\  idnl  witli  udLMjnuti^  iiiniiis  Inr  ht^ijtin^j  veiitiliitiiig, 
and  light i  1*1::  ;  they  i^linuld  be  well  sujn>liod  with  water  inv  j^^iieral 
ilomestic  purpoi-*es,  and  providt-d  witli  a  piH»j>er  system  of  phimliiiig 
for  the  rorijoval  of  s<nvage  ;  tliey  shinihl  1h^  eoustnict*Hl  with  prf>iKT 
precautions  agiiinst  dampness  ihmi  uitlioiit  in*  Ik  low.  Ilrafttif/,  nutt^ 
hjfimiy  lighUnf/^  and  jAumbing  are  eon^idere<l  l^'huv  under  their  sevend 
headings. 

Aspect. — It  is  enninicmly  tlireeted  that  liabitatious  should  l>e  placed 
80  an  to  iiwi"^  the  stujtli  ;  l*nt^  untbrtnnately,  one  is  not  always  in  a  posi- 
tion to  l>e  over-|>artii'uhir  in  the  matter  ni*  p()ints  of  tiie  eunipass,  and, 
indeed,  there  seems  to  be  nr^  jisjrtienlarly  g«HKl  wason  why  that  side  of 
the  house  in  whieh  is  hxiifetl  the  luaiu  entniuce  should  faee  south  and 
the  others  res|M:'etively  ni>rth,  t^ist,  ami  west.  The  southerly  side  of  a 
hill  is  wvy  nuirh  \u  1k^  preferred  to  the  noitlierly,  Ix^ause  of  the 
greater  amonnt  of  sunlight  and  of  ]irf>teetiou  agsiiust  the  cold  winds 
from  the  north  ;  but  in  a  plain  and  elsewhere,  whichever  w*all  of  the 
house  faces  south,  there  must  he,  if  the  t^trueture  bt*  reetanguhir,  one 
to  the  north.  Far  better  is  a  IfM-jHion  with  the  ef^ruers  of  the  house 
|H>inting  north  an*l  south,  iW  in  that  ease  every  window  must  re<*eive 
Kome  dirert  sunlight  at  some  j^art  of  the  day,  whereas  with  sides  facing 
directly  north  and  south,  the  windows  of  the  former  receive  no  dii-ect 
sunlight  and  the  rooms  are  dull  and  chtH:Tless.  In  large  cities,  as|K*ct 
is  conumMily  a  minor  e(»nsideration,  tiie  desirability  of  a  bouse  iK'iiig 
iletermincHl  maiidy  hy  other  eireunistanees^  In  generab  it  may  Ik"  said 
that,  when  possible,  a  house  should  be  sn  sitnatt^tl  as  to  insure  an 
nbundance  of  light  a!id  air  with  protection  against  the  e<ild  winds 
of  winter, 

Conatruction  and  Arraiigement. — Consideration  of  building  ma- 
terials and  the  details  fif  arrangement  of  rooms  and  division  of  floor- 
space  are  beyf>nd  the  sei^pe  (*f  a  work  r^f  this  nature,  and  it  is  neeessary 
onJy  to  call  attention  Xa\  the  imjMirtance  of  insuring  dryness,  light,  and 
air,  and  sueli  tlromnghness  of  construetiou  as  shall  not  jx'rmit  a  tem 
generous  amount  i*f  natural  ventilation  with  constHpient  waste  of  heat. 

Of  the  very  greiitest  imp4>rtanee  is  the  eiiamcter  of  the  cellar,  that 
part  of  the  house  which  is  mtjst  neglected  during  both  tHuistruetiou  and 
€>ccu[Kiuey,      Uidess  the  ^ite  is  one  of  unusual  dryness,  the  L-ellar  Hoor 
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ixv  U*  admit  lui  atlt'ijiinte  ^^njiply  of  light. 

Tlir  walls  shrmhl  Ix*  mjule  jis  fiu*  as  jjossihlr  jirnuf  airainst  winil  and 
irwitiKT.  In  t'Xjx^st^l  jMj.siticJiis,  it  niny  Ih.;  tliat  ii  t'lapbuanUHl  wall  is 
iff  drier  than  one  of  brick,  for  the  latter  matiTial,  if  very  |>i>rou8,  is  not 
intNrniinnuly  wet  thmagli  hy  driving  rain,  antl  does  nut  i|aiekly  Ix'conie 
Jrv'  a^iin*  Smietirnes  it  U'ronies  nect'ssiirv  to  rover  ;ia  entire  brick 
Wall  with  a  pn»teftive  cimtinj^  uf  |>aiiit,  or  eveii  with  a  sheathing  of  tin 
\Aatf}.  For  protection  against  tlainpness  and  eokl,  external  walls  may 
be  btiili  with  nn  intervening  air  :*paee,  wliieli  acts  like  that  of  a  double 
window  ;  thr  outer  and  inner  faees  of  th*'  wall  are  joined  iit  intervals 
liy  lM>nding  bric*ks  or  ties  af  varicais  niaterials,  indnding  lianl  non- 
jwn»us  l>rieks,  gla/<'d  hnekn,  and  iron. 

IW>fH  ^-honUl  lie  tight  and  proteeted  ag;iinst  the  backing  up  of 
H'ater  fn>ni  melting  .snow  and  ice  when  the  gntterg  are  filleil  with  ice. 
A>  a  ef>vt*ring,  plate  is  nnich  to  Ik*  jircfernHl  t**  shingles,  though  itt* 
iiiitinl  cost  is  much  gr<»atcr  ;  it  is  permanent  in  ehunieter,  inijK/rmeaWe^ 
atwl  n-ijuires  but  little  repairing,  while  shingles  wear  out  in  eonrse  of 
time,  and.  by  taking  up  moisture,  lead  to  rotting  fif  the  timlx^rs  Ix'neath* 
Tin  is  tight  and  imjM'nncahle,  but  is  ver\^  hot  in  summer.  Tar  and 
jcrnvt'l  are  well  suitinl  to  nearly  Hat  roof^,  tin*  gravel  jiroteeting  the  tar 
fruii  tlie  artitm  <tf  the  sun,  an*l  the  condnnatiim  Ix^ing  ver>*  durable. 
■  Care  of  Habitations, — The  jjrojK^r  eai'e  f»f  a  house  and  it^  snrmund- 
Iftp  LH  H  snbjc<»t  that  nin  hardly  he  taught  ;  with  many,  it  is  a  natural 
fak^tiuet  ;  %vith  more,  very  little  is  iv<|uirc4l  to  satisfv  the  understand- 
ing of  the  term.  A  large*  class  <listribute  house  sanitation  with  an 
mm-fii  hand,  insisting  upon  the  perfection  of  aire  of  those  pajt^  which 
thev  inliabit  and  in  which  tht*  outside  world  is  receivtH^l,  and  neglwt- 
lOji'  those  where  tilth  is  most  likely  to  accumulsite,  but  to  which,  |x*r- 
m]iii,  tlie  geueml  iivta-sc'cing  eye  nc^Ver  peuetnitt^s.  In  a  way,  the  most 
"n|Rirtant  jiarts  cd'  a  house  are  the  cellar  and  the  kitchen,  and  these 
shoulil  rwt*ive  more  rareful  attention  tlian  the  drawing-room,  where^ 
pn^unialdy,  organic  lilth  rim  hardly  gain  access  in  a]>preciablc  amounts. 
Tlic  irtherwise  ci^rcful  hooH'keejM*i\  to  wliojri  a  l>urtU  match  on  (he 
'*^nr\h  .»f  an  ojien  tire  is  an  aliMraination,  will,  prrha[»s,  vii-w  with  [>lacid 
^A'^e  tlie  boxes,  bankets,  aral  even-barrels  of  rr^tten  fruits  and  vcgetablen, 
Pnv  cans,  and  other  refuse*  brought  to  the  surface  from  the  cellar  rmee 
prt  year  at  thf*  time  givi^n  over  to  **  spring  cleaning.-'  The  jK-rfLKitly 
^pt  bouse  knows  no  ck^ining  st^song, 

SCHOOLS. 

clmolsi  even    more  than   habitations,  rcipdre  the  best  of  situations 

til  refei-ence  to  light  antl  air.      Windows  sIkiuM  be  large  and  nnmer- 

,  and,  aeenriliug  to  tlie  estimates  of  ditterent  autliorities,  their  com- 
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binod  urea  should  efjual  fp*ni  a  tentli  tri  a  fourth  of  the  total  fl*_x>r 
In  the  arrangeinent  of  school  furniturt%  the  main  consideration  lieg*  m 
the  direction  t?f  the  light.  Tlie  desk>  are  plar'tnl  Im-^t  so  that  tlje  li^bt 
eomes  from  the  left  of  the  juipils  ;  milling  fr<mi  the  right,  It  ciLstj*  aiiDoy- 
iog  shadows  of  jk'Ii  *ir  jwuril  in  exlTeis(^s  ret [iii ring  writing  ;  cnnss- 
lighting  may  cause  still  greater  auuc^yauec  h\  testing  double  c^^hadow-v 
Light  from  the  front  is  exeee<liugly  trying,  '^  may  readily  be  appn?- 
eiati  il  by  attrniptiug  to  n*ad  a  cloek  |>lae4'd  betwet*n  tw*)  windows  ; 
from   behind,  it  easts  shadows  of  the  l>mly  upon  the  work  cm  thv  desk. 

Chmk  routns  sboidd  be  s|*aeious  aatl  well  ventilated,  and  pravide*! 
with  ample  hanging  facibtie.s  iwrnutting  suffieient  spaee  between  the 
iofbvidnal  garments. 

\VaterH:4t>sets  and  urinals  deniand  mfn'e  than  usnat  ean\  for  ehildren 
are  prone  to  earelessness  in  tlu'ir  us<'  ;  and  sinee  thty  are  eiminuinlv 
plaeed  in  the  Iiasenjeut,  they  are  very  likely*  if  not  kept  in  sertipulou*?lv 
elean  condition,  tty  pollute  the  air  of  the  iTHinis  above. 

School  Fumiture.^— tSi'b(Hjl  furnitni'e  is  Well  known  to  be  one  of 
the  most  ini[»ortinit  iniluenet  s  in  tlie  development  of  lateral  cur\*ature, 
and  mueh  caj'efnl  study  luis  been  pursued  in  imjUNiving  its  eonst ruc- 
tion. Desks  and  ehairs  should  not  l>e  supplitil  with  refenr'uc*!*  to  age, 
but  aceording  to  the  size  of  ehildren,  and  should  be  adjustable  tii 
earh  ehikh  ('i»mmnn  iknlts  of  rhairs  ini-lntk^  impropT  shajre  of  l>ack, 
impro|ier  lieight,  t<io  great  de]ttb  or  breadth  of  seat,  Uny  mueh  sb»|>e 
from  frtait  to  lmc*k,  and  im]inn>er  liorizontal  distance  fnim  the  desk. 
Common  faults  of  desks  inelude  insuffieient  or  too  great  height,  and 
iin|m»i>er  slojw?  of  the  surface. 

Chairs  should  \iv  of  sneli  a  height  that  when  the  leg  ami  thigh  form 
a  right  jingle  the  fi>ot  shall  be  st|narely  on  the  liot»r.  If  tiMi  high,  tlie 
ehild  t^fuinot  touch  the  Hoor,  and  fails  ti»  obtain  the  needed  assistance 
from  the  fet^t  anil  k'gs  for  the  nuiintenanee  of  mi  iipriglit  p<»sition  ;  if 
too  low,  the  pisitirni  is  eram|HL'd  :md  awkward  and  the  eliild  is  forced 
to  extend  the  legs  in  one  diri^'titai  tn-  an(»thert  and  t(*  eontort  the  Iwxly 
aeeoiYlingly.  The  seat  should  Ix^  sulbeiently  wide  to  sn]>]Kirt  Inith 
thighs  eomtbrtal^ly,  but  not  so  witle  as  to  jx'nnit  the  nssnmption  of  bad 
|>ostures  in  wbirh  the  baek  is  not  well  snpporttMb  It  shonhl  not  l>e 
too  deep  from  front  to  baek.  sinee  then  proper  attitude  is  impcissiljle. 
It  should  sl(>pe  very  slightly  from  fiT»nt  to  back,  or  be  made  slightly 
eonrave,  in  oixtr  that  the  ten<leney  to  slip  forward  may  lie  eounter- 
aeled.  The  bark  should  be  eurved  fonvaitl,  so  as  to  supfMiit  the  ehild*8 
hark,  and  to  be  fxvmlbrtalile  in  wbatevt^r  hgitimate  attitude  he  may 
assume,  for  be  retpiires  ehanges  in  jrosition  for  tlie  i-elirf  oi'  downward 
p^^ssure  and  strain  of  musele  and  liginnents,  since  any  attitude  huig 
maintaineil  resulLi  in  fatigue.  With  chairs  of  the  be(?t  form  of  con- 
strueti»ai,  faulty  attitudes  are  h^'^s  ecnnfortable  than  pn>per  ones. 

Desks  should  Vm?  of  sueh  a  lieiglit  that  the  forearms  id"  the  ehikl  may 
lie  rest»'<i  without  causing,  on  the  one  hand,  sti Miping,  or,  on  the  other, 
niising  of  the  shoulder  and  curving  jhe  spine*  If  t<JO  high  for  the 
child,  the  work  is  brtmght  tot>  near,  and  causes  stminiiig  of  the  eyes* 
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top  should  have  a  proj)er  slope  downward  of  from  ten  to  twenty 

B,  and  it«  edge  should  project  slightly  over  the  forward  edge 

the  chair,  so  that  the  body  and  head  may  not  be  inclined  forward 

fiir. 

Proper  height  of  seats  and  desks  and  correct  horizontal  distance 

ireen  the  two  are  attained  by  the  adoption  of  adjustable  furniture, 

|«f  which  there  are  many  varieties. 

Blackboards  should  be  dull  black,  and  never  shiny,  for  if  they  are 

uj  they  reflect  light,  and  what  is  written  thereon  is  difficult  to  read 

[fimn  certain  points  in  the  room.     They  should  be  kept  well  cleaned, 

"  I  order  that  the  contrast  with  the  chalk  shall  be  sharp.     The  chalk 

\  ihould  be  white  or  yellow  ;  blue,  green,  and  red  chalk  marks  are  much 

I.  more  difficult  to  read.     Blackboards  should  never  be  placed  between 

windows,  on  account  of  glare.     Copying  from  blackboards  is  very  try- 

ng  to  the  eyes,  on  account  of  the  constant  necessary  change  of  focus. 

Legislation  Ooncerning  Schools. — Many  of  our  States  have  enacted 
kw8  providing  for  school  sanitation  in  several  particulars.  Seventeen 
nqnire  expert  examination  of  plans  for  projected  buildings.  Sixteen 
jirovide  for  fire-escapes  and  other  protection  from  fire.  A  number 
provMe  for  proper  ventilation,  but  only  two,  Massachusetts  and  Con- 
necticut, have  established  a  standard  and  require  its  enforcement. 
Kentucky  alone  provides  standaixls  for  lighting,  for  floor  space  and  air 
«paoe,  for  proper  seating,  and  for  water  supply.  About  one-third  of 
^  States  and  Territories  compel  vaccination,  and  one-fourth  provide 
safeguards  in  the  matter  of  contagious  diseases  in  general. 

Section  2.     VENTILATION  AND  HEATINa. 

We  have  seen  how  necessary  it  is  to  life  that  the  COg  given  off*  by 
the  blood  in  the  lungs  to  the  inspired  air  shall  be  dischargeil  continu- 
ously from  the  body,  and  we  know  that  whatever  other  effects  the  im- 
purities of  vitiated  air  may  produce,  the  effect  of  undue  COj  in  the  air 
18  to  interfere  with  the  function  of  respiration.     Therefore,  it  follows 
that  the  air  which  we  breathe  should  be  as  free  as  possible  from  the 
imparitieR  which  we  continually  discharge  into  it,  and  that  this  condi- 
tion can  be  obtained  only  by  constant  (lilution  of  them  by  a  constant 
supply  of  fresh  air.     In   the  open   air,  this  dilution   goes  on  without 
Artificial  assistance  and   requires   no   consideration  ;    but  in    confined 
spaces,  we  have  to  a  certain  extent  a  reproduction  of  the  conditions 
^t  obtain  in  the  lung ;  namely,  the  ]>resence  of  a  volume  of  vitiated 
A^r,  separated  from  the  purer  surrounding  air,  and  requiring  to  be  dis- 
^'jarged  and  replaced.     In  other  words,  the  air  in  the  first  confined 
*P*W5e,  the  lung,  is  discharged  into  the  second  confined  space,  the  room, 
^^  thence  must  be  removed  to  the  outside  and  re])laced  by  an  equal 
*5*iount  of  normal  air.     The  constant  dilution  and  removal  of  inipuri- 
^*^  due  to  the  necessities  of  life,  so  that  their  amount  shall  be  so  small 
'^  to  be  harmless,  are  the  function  of  ventilation,  which  may  be  re- 
SHrded  as  the  respiration  of  a  building. 
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It  iy,  iif  cnuive,  nc»t  Ut  W  v\]M'iAei\  tliiit  the  iiir  nf'un  inlmbii'' 
riiii  under  tlif  usual   couilitiojis   Ix-  inaiiitauu'c!  in  n  state  of  purit; 
tluit  of  thv  tmukmr  air,  even  tliougli  but  luie  candle  or  one  jht 
prisent   to   exehaii-L^e  earhoii  dioxide  aud    water  for   c»xyppu,  but  \ 
impunties  enn  l>e  reilueed  to  a  minimum  hy  the  iiitrtxiiiction  of  a  i 
aniiunit  nf  fresh  iui\     Whiit  shall   Ik*  eonsiderwl  a   pi'Opor  1 
eontinut»us  air  supply  dejKiuls  U|Nin  wliat  we  adr>pt  a^  a  lift 
luissihle  impurity,  measuj'ed  l>y  the  amt>unt  of  CO*  pnisent. 

For  the  mainteuanee  of  a  fair  degree  of  vigor  and  8tid>ility  tJinwd 
] >n» J K'r  oxidation  of  the  bloiid  and   dilution  of  the  effete  matters  ili 
c'liar^Hl,  and  for  ihe  mainti'iianee  of  the  fullest  aiul   most  [n^rfi^'t  fun 
tiiinal  aetivity,  one  recpnres  res|K/etively  al>out   'AO  ami  oO  eubic  (i^H  *4 
air  {>er  niiuute,     I  jess  than  30  will  inevitably  produce  impiairtsd  iitalil 
na>re  than  oO  t^n  Ik*   pro<hietive  tif  no  gain  in  improvement,  iso  &r  I 
the  effeets  of  tiu:  onlinan'  vitiating  miitters   are  iM»neernt<l,     At 
latter  rate,  then,  an   hourly  supply  of  ;j,<KM1  eulrie  fwt  is  ne^^esjsan' fi| 
the  pro|>er  dihitiun  of  the  respirwl  air  i>f  each  individual   presenting 
eontined  *ii>aee.     Thus,  a  room  of  3,000  cubic  feet  cajiaeity,  inh&hiti 
by  one  |>erson,  should  rtn-eive  its  full  capneity  of  fresh  air  onceevd 
hour.      But   this    renewal   slionld   be   a   einitiuufais    pn>ees8,   ^  as 
prevent  tlie  aeeuinulation   of  impurities  whieh  would  fK'cur  if  tlie  ail 
were  rejilaeed  simply  in  hulk  by  an  hourly  aenition   l)y  opening  win 
doWB  for  the  nnipHsite  few  minutej^.     Nor  shordd  it  be  suppw^ed  1' 
even  w  ith  e(>nstaut  frt^h  stipply  the  air  of  the  room  can  have  the  ^arue' 
eom{»nsiti(Hi    as  that   whieh  enters  from  without,  for  the  impuritii^  'tf 
ea(*li   res  pi  nit  it  tn    are   not   i^moved   in  separate,  distinct  loti^  but  are 
mingletl  in  the  general  bulk.     If  the  oecufjant's  head  were  in  a  amdtiit 
bringing   the   eonst;uit   supjily   of   (nanh   air   and   earryiiig  away  tiK* 
[iroduets   oi'  respiration,  no  sueh   amount   of  air  w«jukl  Ik?  neces^sirrj 
and    no   eoutamination   of  the   general   supply    would   occur.      Twltf 
imlinary  eireum. stances,  widi  an  hourly  supply  of  3,000  cubic  fet*l  prf 
eapitii,  the  amount  of  ('(X  will   not  range  abive  6   or   7  vohim«^  in 
10,000,  and  any  system  of  ventilation   that  will   kei'p  it  down  U>  tlii* 
may  be  ealh/d  good. 

Other  impurities  than  those  of  respiration  are  to  l»e  considered  in  a" 
fjuestionsi  of  vcTitibtion.  The  inHuenee  of  burning  illuminating  raati- 
rial  on  the  eeim position  of  air  i^  very  great,  l>oth  as  to  the  <'ouvuni|)ti"» 
of  oxygen  and  the  produetion  of  CO.  and  other  imptirities,  ami  i^ 
is  not  insignitieaut  in  its  relation  to  the  temperature.  Thr  inipnrin*'* 
fnau  1  cubic  f(M^t  of  onlinary  illuminating  gas  are  sueh  in  amouiin'^ 
to  require,  aeeonling  to  various  estimates,  from  500  to  1,800  cubic  Ij'tt 
of  air  for  their  pm^H-r  dilnticui.  They  include  not  only  carbon  *]mm 
ami  water,  but  earlion  ni<jnoxide,  snljdnir  acids,  nitrogen  acids  niar^^ 
gas,  ammonia  eom|»ouuds,  uueousumMl  <'arlH>u,  and  other  inattt'^- 
l>it!erent  forms  of  burners  consume  ditierent  amounts  of  gas  to  f^ 
duee  the  same  illumination  ;  ordinarily  from  3  tu  6  cubic  feet  are  ti^* 
per  l»our,  recpiiring  1,500  U\  10,000  culiie  fef>t  of  air-supply  fcirpfoF^ 
dilution  of  the  impurities  prixluecd  by  each  burner,      Therefurt-t  ^"^ 
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bdth  hygienic  and  eoonmuit*  ^nuHKl>.,  the  hnrner  wliich  |jnMluw.s  the 
maximum  of  li^lit  fnim  tlio  nuiiimuni  of  ga^  it*  the  Imst  for  use,  it  tx-ing 


yn(ler!^t<n>d  tliat  a  ^iveu  volium'  of 


ga^ 


will  yield  the  same  amount  of 


inipnritii'r-,  whatever  the  hnrner  employed. 

The  ijn|mritit*s  from  t^ndlen  and  hiinpis  are  le^^s  in  number  aud 
variety,  hut,  measured  hy  their  et^unmnitive  illundnating  |Knver,  they 
are  larger  iu  amount  than  fmm  gte^.  For  exam|ile,  the  eornlmstiou  of 
au  amount  ui^  rvuidle  nv  ken^sene  oil  aee<\^sarv  to  imHlnce  the  s^ime 
intensity  of  ligljt  as  1  enbie  foot  (*f  gas  will  priwhu-e  from  40  in  IIjO 
|)er  eent*  more  im|ninties,  aud  requii'es^  therefore^  proportionately  more 
air  tVir  their  pro)ier  dilution, 

Thi'  sul>JH^t  of  ventilatitui,  involving,  a^  it  doeb,  the  eontiumiUit 
intHKlnetiiui  of  jauv  air  to  dispbee  that  which  has  become  vitiated  by 
wliatever  cjmse  or  heated  to  such  a  degree  as  to  be  incuusistent  ^vitll 
ct>mfort ;  having  to  deal  with  buildings  and  rooms  of  various  sixes, 
designed  for  different  uses  ;  and,  as  it  is  chiefly  iu  the  colder  uKuiths 
that  its  importance  is  greatest,  being  intimately  e(>nnect<^l  with  the 
prolilems  anil  cost  of  he^jting,  is  a  very  complex  one  whieh  will  uot 
permit  the  adoption  of  inflexible  rules  apjilieable  to  all  Ciii^es. 


Atnount  of  Space  Required  for  Good  VentUation. 

If  it  l>e  agreed  that  i'or  the  most  jK^rlect  results  au  adult.  rc<^piires  ait 
hourly  supply  of  ;1,0(M)  cubic  feet  for  the  removal  of  his  <jwn  eflete 
mattei's,  to  sty  nothing  of  the  accessory  inijuirity  d(^]K'ndent  upon 
i  I  111  mi  nation,  the  next  fpicsticui  is  as  to  the  ainutint  of  cubic  space 
necessary  per  capita,  that  is  to  say,  through  Imw  small  a  space  that 
amcaint  of  air  can  Ix'  drawn  hourly  wit  lion  t  disagreeably  piTceptihle 
dmughts.  The  seu.siition  of  dningbt  is  governed  very  hirgely  by  thi> 
temperature  of  the  mi^ving  air,  a  cohl  slowly  moving  current  being 
nmre  perceptible  than  a  warm  one  moving  at  a  greater  nite  of  spetxl. 
Dmughts  wliich  are  |vr<*ductive  of  dis(T>mfort  are  more  dangerous  than 
the  ordinary  vitiation  of  the  air,  aud,  therefore,  complete  veutilatittu 
with  draughts  is  worse  than  partial  ventilation  without  draughts. 

It  has  Imvii  shown  by  Pctlenkotcr  that,  with  the  aid  of  delicate 
apparatus  ami  meehani«il  powcr^  aliout  2,o(M)  cubic  ieet  can  be  |iassi*d 
with<mt  <lmiights  through  a  s|mce  of  424  cubic  feet  in  an  hour  ;  that  is 
to  say,  through  a  njom  8  feet  square  and  HJy  high,  the  air  mu  be 
renewed  six  times. 

The  minimiuu  space  within  which  one  cjin  rR'cive,  under  artificial 
eonditicjus,  six  comjilete  chaugt^s  of  air  in  one  hour  is,  therefore,  424 
cubic  feet ;  but  iu  order  tf>  get  3,000  cubic  fet^t  in  one  hour,  the  air 
wouhl  liavc  to  lye  ehanged  seven  times,  and  so  the  rnjuii-etl  mininmm 
sjuit^e  would  be  oOO  ciibie  iWt.  In  large  spaces,  however,  it  is  ]>ossible 
to  ol>tain  more  frer[uent  changes  without  danger  from  draughts.  Tbus, 
in  a  hall  40  by  20  l>y  15  feet^  40  persons  may  be  supplieti  with  l},iHM> 
cubic  feet  eiieh  per  hour,  and  each  om^  will  have  300  euhie  ft^^t  of  air 
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4spaoe.     Tfaereforey  in  dealing  with  large  spaces,  we  may  nHWime  300 
•cubic  feet  per  capita  rather  t£an  500. 

In  the  ventilation  of  small  spaces,  there  is^  in  addition  to  the  pooBi- 
bility  and  danger  of  draughts,  the  grave  difficulty  that  the  inlets  and 
outlets  are  necessarily  so  near  together  that  mudi  of  the  air  vriH  pass 
<lirectly  from  the  one  to  the  other  without  having  mingled  with  the 
main  body  of  air,  and  without,  therefore,  doing  the  slightest  aenrioe  in 
<liluting  tlie  impurities  present.  In  large  air  spaces,  this  objection  does 
not  apply  with  equal  force,  for  the  opportunity  for  difinsion  is  greater^ 
the  larger  the  space,  although,  of  course,  here,  too,  the  inlets  and  out- 
lets may  be  so  placed  as  to  favor  the  formation  of  direct  currents. 

In  the  ventilation  of  large  spaces  in  which  large  numbers  of  people 
gather,  as  churches,  theatres,  schools,  and  lecture-rooms,  we  aie  at  onoe 
-confronted  by  the.  fact  that  300  cubic  feet  of  space  is  a  more  libenl  per 
•capita  allowance  than  is  often  practicable,  and  that  this  space  is  incom- 
patible with  a  draughtless  ventilation  by  the  necessary  air  volume.  If, 
then,  the  question  be  asked,  how  to  provide  the  necessary  amount,  there 
is  but  one  answer;  namely,  that  it  cannot  be  done.  Fortunately, 
however,  the  danger  from  impure  air  is  proportionate  to  the  length  of 
time  of  exposure,  an  occasional  short  time  spent  in  a  crowded  room  or 
public  conveyance  filled  with  bad  air  being  less  harmful  than  prolonged 
and  habitual  occupancy  of  a  room  in  which  the  air  is  less  vitiated,  but 
yet  not  good. 

In  general,  it  may  be  said  that  the  importance  of  ventilation  varies 
with  the  particular  air  spaces ;  those  which  are  used  only  at  intervals 
and  for  short  periods  have  nnich  less  uvod  of  it  than  those  iw^hich 
are  used  uninterruptedly  ;  those  which  are  not  crowded  demand  less 
than  those  that  are ;  those  use<l  only  for  the  moment  need  no  consid- 
erdtion  whatever,  the  natural  forces  at  work  at  all  times  being  suffi- 
cient for  their  needs. 

To  insist  upon  thorough  ventilation  of  every  part  of  a  house  at  all 
times,  as  most  amateur  hygienists  do,  is  to  demand  a  needless  waste  of 
energy  and  money,  for  except  in  the  warm  months  when  the  windows 
and  doors  are  left  frec»ly  open  for  the  sake  not  alone  of  ventilation,  but 
of  genend  comfort,  ventilation  goes  hand  in  hand  with  heating  and 
divides  the  exjwnse. 

Nor  can  one  successfully  insist  upon  any  rule  that  each  person  must 
have  at  least  1,000  cubic  feet  of  air  space  with  renewal  of  the  contained 
air  once  in  twenty  minutes,  for  to  do  so  is  to  lu'ge  in  the  case  of  the 
poor  of  large  cities  an  impossibility,  since  s])ace  is  costly,  and,  with 
ventilation  to  the  propc^r  extent,  is  beyond  their  means. 

Natural  Forces  in  Ventilation. 

Before  proceeding  to  the  subject  of  systems  of  ventilation,  we  must 
consider  the  natural  forces  whicli  are  at  work  in  the  presence  or 
absence  of-  all  schemes  and  systems.  These  forc(\s  are  diifusion  and 
gravity. 
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DifiusiOD  and  Gravity^^Tho  nxie  at  wliieh  gii.se8  diffuse  is  by 
no  means  the  same  for  all,  the  lighter  dittiising  miieh  more  nipitlly 
than  the  heavier.  In  faet,  the  rate  varies  inversely  as  the  s^jimre 
roots  of  their  densities.  The  province  of  diffusion  in  ventilation  is 
limited  U\  brin|^iiig  the  air  t(>  a  eondition  of  more*  or  less  tyimjilf^e 
homogeneity  by  ciiusiiig  tlie  gllse^lus  matters  to  become  distribntiHl 
throughout  the  ma^^s ;  but  in  an  inhabited  nx)m  it  ain  do  but  little 
to  wan!  keejiing  the  air  at  its  normal  eoni  position.  By  reason  of 
the  law  governing  the  rate  of  tHilusion,  tiit^re  must  of  necessity  be  a 
<*onstant,  though  slow,  removal  tjf  gaseous  impurity  into  the  exti*rnal 
air,  f(»r  wherever  two  gases  are  brought  into  eontaet,  ditibsion  will 
oeeur,  whether  the  meeting  plaee  be  kirge  sjmce?*,  as  rooms,  or  small 
spaces,  a-s  jwires  in  the  ptnstering;  bricks,  mortar,  stone  or  other 
material  whieh  forms  the  boujidaries  of  that  nK>m*  This  force  iSj 
lnjw^ever,  very  inadeipiate,  and  can  be  of  service  oidy  as  an  assist- 
ant to  another.  Moreover,  it  csin  atieet  only  gaseous  and  not  sus- 
pended matters. 

Of  vast  importance,  however,  is  the  other  fV»rce,  that  of  gravity. 
Equal  volumes  of  air  at  th(*  same  tempemtnre  and  uudtT  the  same  press- 
ure will  have  the  same  s|>e<.'itic  gnivity  ;  if  the  tetiijwrature  of  one  of 
them  be  mised,  it  expands  a  dehnite  amount  for  each  degrees  and  tluis 
has  less  spe<*ifie  gravity  than  the  other  the  more  it  is  hesited,  Jieing 
snrronndt^l  by  air  whieh  is  heavier  than  itself,  it  rises,  or,  more 
properly,  is  forctHi  upward  l>y  the  heavier  air,  whieh  descends  to  occupy 
its  |jlace  in  the  same  way  that  a  volume  of  light  oil  in  a  cylinder  is 
forced  upwaixl  when  water  is  poun^]  ujKm  it.  If,  on  the  other  hand, 
it  is  cooled,  its  volume  contracts,  its  sjM"ciii<*  gravity  is  inereasetl,  and 
it  sinks  downwanl  through  tlie  warmer  lighter  air  below  it.  In  this 
way,  <litlerences  in  tcm|>cratUR^  cause  constant  movements  in  bodies  of 
air,  and  currents  are  established.  In  an  inhabitecl  room  this  force  is 
always  at  work,  for  there  nuist  necessarily  Ik*  some  source  of  heat,  even 
thtiugh  it  be  only  the  lH>dy  of  the  CHTujiant.  The  air  in  contact  with 
the  bcnly  l>ecomes  heated,  and  is  then  displa<'(Hl  by  tlic  colder  air  alj<nit 
it  ;  thi^  in  its  turn  is  subjected  I  to  the  same  influences,  and  the  wlitde 
of  the  contained  air  rises  in  tempcmture  and  is  correspondingly  ex- 
pandcih  As  it  becomes  lighter  tluiu  the  surrounding  air,  the  latter 
forces  itself  in  and  the  original  air  out  through  all  the  availal»le 
openings,  and  thus  a  wrtain  amount  of  ventilation  is  acciMu- 
plished. 

Under  the  ordinary  conditions  of  occupancy  of  a  house  or  room,  we 
have  additional  sources  of  hwit  in  the  t*ond>nstiou  of  fuel  and  iHumi- 
nating  materials,  and  ufi  matter  how  imperfect  the  applied  system  of 
ventilatiitn  may  l»<\  and  in  spite  of  all  efforts  to  exclude  the  external 
air,  a  very  considerable  amount  of  interchange  of  air  is  inevitable*  It 
is  only  in  a  chanilM*r  that  is  to  all  intents  and  purposes  hermetictilly 
fiealed  that  no  ventilation  will  mn-ur  when  there  is  a  difrerenee  l>e- 
tween  the  irttenial  aud  extcrtial  temperatures.  Heated  air  will  esca|»e 
through  !lue*s,  through  cracks  around  windows  and  doors,  between  the 
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boards  of  the  floors  and  of  the  general  structure,  and  even  diroon^ 
interstices  of  unpainted  plastering  and  mortar,  and  throu^  thep 
of  bricks.  That  a  large  volume  of  air  will  pass  through  crado,  n 
no  demonstration  ;  the  passage  of  air  through  bricks,  plaster,  and  i 
tar  may  easily  be  shown.  If  to  the  opposite  sides  of  a  brick,  we  & 
by  means  of  sealing  wax  two  ordinary  glass  funnels,  and  then  mm 
entire  exposed  surface  with  a  liberal  coating  of  the  same  materaJj 
of  the  external  jwres  excepting  those  within  the  spaces  covered  by 
funnels  are  made  impervious  to  air.  If  now  we  connect  by  meuf 
a  rubber  tube  the  funnel  on  one  side  with  a  bottle  in  which  air  cai 
compressed  by  means  of  water  pressure,  and  by  the  same  means 


Fig.  38. 
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Apparatus  for  demonstrating  the  permeability  of  bricks,  etc.,  to  air. 

other  funnel  with  an  inverted  test-tube  filled  with  water,  and  a 
j>re.'^sure,  the  ])assiige  of  air  through  the  pores  of  the  brick  wil 
manifested  in  a  few  minutes  by  the  escape  of  bubbles  from  theo 
tulK»  u])ward  through  the  water.     (See  Fig.  38.) 

The  passage  of  air  through  j>lastered  walls  is  much  impeded  by 
paper,  and  may  be  totally  prevented  by  oil  paint  and  moisture. 

Numerous  exj>eriments  have  proved  that  with  varying  differ 
between  the  internal  and  external  temperatures,  the  air  of  a  roo 
building  will   be  renewed  partly,  wholly,  or  repeatedly  every 
even  when  efforts  are  made  to  prevent  as  far  as  possible  the  ent 


NATURAL   FORCES  IN   VENTILATION. 


429 


of  the  outside  air.  The  resulLs  vary  with  the  <liffereiie€*  in  roinlitirms, 
the  highest  effei-ts  being  prmluoitl  when  the  t4i*inj)enitun'  tlitlijreiieei? 
are  wide,  the  upjK»rttioitics  for  ItiJikiigt'  f^reat,  anil  the  external  air  in 
active  motioD.  With  jjcrleet  cjihti  atifl  equal  temi>erature,  the  result 
will  be  niL 

Perflation  and  Aspiration. — Inequalities  in  outside  temperatures 
give  rirfe  to  the  larger  currents  of  air  whieh  we  kiniw  as  wind^s.  These 
have  a  very  great  influenee  on  ventilation  both  by  their  [M-THating  aetion 
and  hy  aspiration.  The  hitrliest  results  of  jK-rflation  are  ttiose  ul>tjiine<l 
when  obstacles  to  the  free  admission  atid  exit  of  wind  nve  removed,  as» 
for  instaneej  by  ojiening  windows  in  its  path.  The  qnickness  and  fre- 
•quencj'^  of  renewal  of  contained  air  by  this  means  will  necessarily  depend 


Fio.  39. 


Fio.  40. 


Fio.  41. 
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CommoTi  forma  of  stationary  ventHfttltig  cowls. 


Rotary  oowL 


upon  the  size  of  the  openings  and  the  velocity  and  direction  of  the  wind. 
The  lea?^t  effects  are  prmhiciti  whatever  the  velocity  and  direction,  when 
the  obytaeles  to  entrance  are  greatest. 

The  aspirating  influence  of  wind  is  showm  by  the  upward  currents 
produccfJ  in  flues  when  the  internal  and  external  temperatuivs  are 
€!C[ual.  A  current  of  air,  moving  swiftly  acn^ss  the  outlet  of  a  Hoe,  has 
the  same  effect  on  the  contents  of  the  flue  as  that  of  a  ennmion  hand 
atrmiizer  has  on  the  eim tents  of  tht*  tul>e.  The  air  in  the  upper  part 
is  carried  along  met^hanieally,  a  pirtial  vacnum  is  fonned,  and  that 
whieh  is  below  rises  t^i  take  its  place,  and  is  in  turn  carried  away.  In 
the  ease  of  tlje  flue,  air  from  below  is  constiintly  dniwn  up  and  dissi- 
pated ;  in  the  ease  of  the  atomizer,  the  liquid  into  which  the  tube  dip8 
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is  lifted  and  blown  into  spray.     This  influence  is  utilized  and  ] 
by  various  forms  of  cowls  placed  over  outlet  flues ;  some  of  i 
however,  although  they  seem  to  be  an  aid,  are  really  a  hindiaDoe  I 
the  outflow,  as  may  easily  be  demonstrated. 

In  Figs.  39  and  40,  are  shown  forms  of  cowls  which  offer  i 
assistance  to  the  aspiratory  influence  of  winds,  and  in  Fig.  41  is  \ 
another  very  popular  kind,  the  rotary  cowl,  which  offers  an  < 
to  the  passage  of  air.     As  the  wind  causes  the  top  to  revolve,  i 
pression  is  made  that  work  is  being  performed ;  that  in  its  revola 
it  is  creating  a  suction  which  causes  an  upward  current  of  air.    All 
matter  of  fact,  however,  it  is  doing  no  such  work,  but  is,  on  the 
trary,  interposing  an  obstacle  to  the  passage  of  air.     This  may  ( 
be  demonstrated  by  measuring  by  means  of  an  anemometer  the  \ 

Fio.  42. 


Aspirating  cowl  with  yane. 


of  air  discliar^ed  through  the  flue  during  a  given  period  while  the  re- 
volving top  is  in  ])laeo,  and  again  during  an  equal  period  while  it  B 
roni()V(»il.  The  (liffcrenoc  between  the  results  obtain^  will  invariably 
be  in  favor  of  the  ])eri<)d  during  which  the  cowl  is  absent. 

Other  forms  of  cowls,  constmcted  so  that  their  outlets  are  turned  by 
means  of  a  vane  away  from  the  wind,  are  useful  in  assisting  aspiration. 
Sueh  a  form  is  shown  in  Fig.  42.     By  reversing  the  position  of  the 
vane,  the  month  of  the  cowl  is  turned  toward  the  wind  so  that  thefliift 
is  eonverteil  into  an  inlet  for  fresh  air. 
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Natural  Ventilation. 

Ventilation  that  proceLilni  from  the  ojK'rutioD  {if  natural  forces  is 
kouwn  ai*  '*  natunil  ventilation*'*  For  the  attiiinuient  of  the  largest 
re.^ults,  tht'se  tVirtT?^  must  Ik*  arisissted  to  the  ext<^*nt  of  removal  of  ol>- 
staeles  U*  their  aetirtn  so  far  as  niay  \)v  a<l visible.  It  is  not  well  to 
depend  U}Mrn  tlie  clianet*  rraeks  anil  ii|KHi  tlie  nii^nitir^n  of  air  throiigli 
the  pore^  of  hnihling  material?*,  but  nix^estHary  ojK'Tnngjs^  both  iiilet^s  and 
outlets,  ishonlil  Im^  [intvidKl.  The  greater  the  oiKstiic_*k»s  to  the  escape  oi* 
heated  air,  the  less  the  nppurtunity  for  sneeessfnl  natural  %'entilatioth 

Tlie  extrt*me  of  ol).struetion  to  the  esea|>e  of  eontaiiieit  air  may  be 
illustrated  by  an  hermetieally  sealed  nu'tallic  bf)X  or  by  a  closed  glasa 
tjottle.  Snp|>*»se  we  pmvide  erne  small  njifuing  in  the  side  of  the  box 
or  in  the  stoppi'  of  the  bottle  to  aet  as  an  ontlet  and  inlet»  an«l  oliserve 
the  result.  Ae('<irding  as  the  eontaineil  air  is  warmed  or  eooleil,  the 
opening  will  aet  as  an  outlet  or  as  an  inlet,  l>ut  only  to  a  limited 
extent.  The  expansion  due  to  heating  will  cause  the  escape  of  a 
portion  of  the  eonteiits  ;  the  eontmetiou  due  to  eonling  will  eause  the 
indrawing  of  some  of  the  outrr  air;  but  in  **»ther  ease,  the  movement 
is  all  one  way,  and  t!iere  is  na  real  interchange.  Sup[>ose,  however, 
two  opening^^  are  supplie<l ;  theu  one  may  act  as  an  outlet,  the  other 
as  an  inlet,  and  a  constant  inward  and  outwanl  eurreut  may  he  main- 
tiiiutHi 

The  more  tightly  fitting  we  make  our  windows  and  doors,  an<l  the 
more  imprvions  to  air  we  muke  onr  w^alls  by  means  of  paint  and 
slieathing  paper,  the  more  do  we  o[>pose  natunil  ventilation.  On  the 
other  hand,  the  intelligent  plaeing  of  inlet.s  and  outlets  furthers  the 
<»bjiH"t  t(>  he  ai'hieveiL 

111  additinii  to  [x^rmaneutly  iustullc<l  inlet  and  outlet  fines,  temjxi- 
rary  ojK*uings  may  be  utilized  whenever  desirable.  The  most  avail* 
aljle  of  these  is  the  openni  wiiahiw,  which  may  be  ntilizinl  so  as  to 
avoid  Um  voluminous  exeha ng<^  and  nnlK'aral>le  di*aughts.  The  area 
ijf  the  ojK^uiiig  may  he  very  sinijdy  regulated,  a  nit  tlie  air  may  be 
deftect4Hl  upward  or  the  current  may  be  liroken  up  bv  the  iuterpositiou 
of  fine  wire  gauze,  flannel,  or  other  pervious  material. 

A  very  eomnion  plan  is  to  jihifc  a  lioard  lengtliwise  under  the  low^er 
siish,  so  as  to  fill  4"omf)lrtely  the  opening  made  by  mising  the  window, 
and  thus  establish  an  inlet  or  outlet  where  the  sjisties  overlap  each 
cither,  fur  tlie  barrier  U*  the  movement  of  air,  tiirmnl  by  the  juxtaposi- 
tion of  the  h>wer  border  oi'  the  up|K^r  s^ish  and  the  upjM:^r  bonier  (jf  the 
lower  ruie,  no  Imiger  exists,  and  tlie  entering  rurreut,  moreitver,  is 
given  an  upward  direeticm.  Instead  of  a  board,  a  frame,  over  which 
a  diaphnigm  of  fianuel  is  fastene<l,  may  W  ust^J,  This  armngernent 
is  pervious  to  air  but  impervifius  to  dirt,  which,  therelore,  is  filterefl 
out.  Movable  (mues,  either  sliding  or  swinging  by  the  side  or  end, 
are  fr«LM|Uently  eniphn'fMl,  es]HH^ially  in  double  windows.  There  are 
also  mnnerous  jxitented  devices  fcir  window  ventilation,  all  designed 
w^ith  the  idea  of  dividing  or  deflecting  the  current  of  admittjed  air. 
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As  has  l)efii  rtniiarkcHl  alx>vt%  tht*  luo.st   iiiifw>rtaiit  ibm*  ui  uitni 
vi'Dtilatioii   if^  that  drjM'ndt'iit  ujmn   muMinal  tciii|x,^nitutt»>  of  bJite 
jur ;   ill  a  jH^iiWt  i^iiliii  ami  with  i't|ual  ti'm|M*ratinv?v,  natural  vcniil 
wouU!  Ijave  Up  dqa-iul  vvhully  nu  the  force  of  ilittusiun 

The  enormous  iiiflnenee  exerted  by  the  heatiog  and  lighting  of 
Imildin^  i*r  roum  on  its  ventihition  iK'eunies,  then,  self-evulerit,  ImJ 
is  not  siinjily  as  a  motive  fori-i'  that  the  relutioti  In^tween  hrat  unci 
tilation  is  so  elosc*  and  inijiortant,  for  the  ine*tnnnj^  air  must  U 
to  an  iigreealjle  teDj|>emture  in  order  that  the  sjmee  may  Ix?  habil 
Tluis,  a  very  large  Hliare  of  the  cost  of  heating  h  ehargeuble  U\  m 
latiou,  whatever  the  systetn  of  ventilation  l»e.  In  the  iminet 
expense,  the  ainonnt  of  leakage  throngh  eraek:^  and  other  small  oj 
ings  is,  in  a  eertaiii  elass  i>f  crises,  of  very  great  im|X)rtiinee.  In 
dwellings,  it  is  ionMaUint  tliat  the  iiiterehange  of  air  hhull 
<?ontinniHisly  in  the  inliabitc^l  parts,  but  in  i)uiIdiDg>^  whieli  hk 
only  by  day,  and  [h  rhaps  I'or  only  a  few  honrs  daily  (sch^x^ls, 
it  is  not  es.si»ntial  that  the  air  sliall  l>e  renewed  euu,<tantly  at  v 
times  ;  and  here  it  is  wise  to  ohstrnct  the  Iwdvage  as  n>ueh  as  fw>>^il>l^ 
by  |K*rfeet  t^>nstruetiori  and  by  daniix^rs  in  tlie  tines,  so  that  wa?it^*>f 
heat,  fuel,  and  money  may  l>e  prevented. 

For  the  promotion  of  the  prcK*ess  of  natitral  ventiliition,  a  nuniljrf 
oi'  "  systems-'  have  been  devisetl,  many  of  which  can  U*  pitdiuiivf' 
of  no  results  other  than  ineomes  for  tlieir  pronmters.  As  u  nilc 
most  of  those  ntjticed  in  works  of  this  character  are  either  itl-adaj>lrtl 
to  the  eunditions  of  our  climate  or  ineoinpatihle  with  our  ujetbtxljuf 
liuilding,  and  will,  theri'forc,  not  be  eonsidere<l  here. 

The  (mly  system  of  natnnd  ventilation  worthy  of  advotticy  U  tlit 
which  provides  proper  inlets  and  outlets  and  a  suitable  meani^  of 
ht^iting. 

Inlets  and  Outlets.— As  to  the  size,  lo«:^4ntinn,  and   tmmberof 
lets  and   outh4s,  no  hard-and-fast   rules  mn   l>e  applies!  for  all  m 
since  the  conditions  are  widely  varying,  and  many  different  eirc 
stances  have  to  be  taken  into  acc*>unt.     But  general  rules  may  Ix*  ItH 
<l(vwn. 

If  Severn]  inlets  are  tf»  be  ]n*ovided  in  a  room,  it  is  essential  tW 
they  should  be  distributnl  in  such  a  manner  as  to  insun*  a  th»»n»ii|tlt 
lih'nding  of  the  admitti'il  air.  They  should  not  be  so  placed,  «illi 
reference  to  outlej'ts,  as  t*>  favor  the  forming  of  direct  currents  l>clw«iD 
them,  whereby  a  large  propr>rtion  of  the  inflovsiug  air  is  din^ 
wilhout  having  fulfillt^d  its  functi<»n — a  not  umisual  conditiott, 
illustrates  that  the  amount  of  air  admitted  is  not  by  any  mesiu*  » 
nieasun;  of  thoroughness  of  ventilation.  Their  location  is  not 
an  im|H>rtant  matter  as  the  jdiuring  of  the  outlets,  but,  in  gi'iiemlt 
inlet  is  placcil  lu'st  on  an  inner  wall  wheif  it  ^hall  be  most 
c<:'ntral  in  reltitiou  to  the  riutside  walls. 

With  refereni'c  to  the  floor,  if  the  incomiug  air  is  hwUnl,  iul?** 
may  l>e  plac*eil  high  or  low  ;  but  if  it  is  admitted  cold,  thev  ^botiW 
Ih!  at  a  higher  level  than  the  heads  of  tlie  occujiant^,  and  proviW 
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Avith  armngement?5  for  derti^ctiiiir  tijf  current  toward  the  ceiling. 
This  may  be  accoinplishtMi  by  iiui.'^iiig  the  ciirn*iit  to  inipingt?  upon 
n  surface  slant in^  upwai'tl.  1lic  results  of  this  dcrtei'dtai  arc  that  the 
fresli  iiir  l>winiic53  inixt^l  with  tlic  warmer  air,  and  that  tiiorc  time  is 
rcijuiretl  for  it  to  reaeli  the  lower  pjtrts  of  the  roidu,  when  it  will  have 
become  suffieiently  wannetl  ut»t  tti  caiis*^  diftcorufort.  The  iiiterposi- 
tion  of  the  deflecting  .surface  also  spix^ads  the  current  mdially  and 
reduces  ha  velrKiity.  The  iiicroaiiug  air  lieeoujes  mingled  with  the 
ir^neral  supply  and  joius  the  currents  whii^i  arc  constantly  tn  niotinu, 
Tliat  whit*h  coniea  in  contact  with  CfHjling  surfaceSj  such  as  windows 
and  ontsitle  walk,  Ls  cooleil,  and,  therefore^  falls  toward  the  floor, 
and  that  which  takes  its  place  as  it  falls  is  eoolcd  in  its  turn  and  fol- 
lows jifter,  so  that  currents  arc  established,  which  tend  tc*  keejj  the  wh«>le 
bulk  in  nit  ire  or  less  rapid  motion.  As  tlicsc  currents  rmeh  the  flrior, 
their  natural  trend  is  across  that  surface  toward  the  inner  warmer 
walls,  where  they  become  hciited  and  are  inclined  towaixl  the  eeiling^ 
reaching  whiehj  they  are  pushed  by  the  force  behind  antl  ilrawn  by 
t!ic  one  in  fnmt  towtu'd  tlic  ont(?r  walls  and  windows  agtiin.  In  the 
ijieantime,  some  of  the  air  is  escaping  through  outlets,  and  dilfuslon 
of  the  impurities  is  proceeding,  so  that  a  more  or  less  even  character 
is  brraight  about  throughout  the  air  of  the  n:»om. 

Outlets  may  be  place*!  at  the  level  of  the  floor,  in  the  ceiling,  or  at 
any  height  in  the  walls,  aeeording  t*j  the  conditions  of  each  individual 
case.  If  the  incouiing  air  is  not  hctiteil,  the  outlets  shoultl  Ijc  jrlaced 
high  up,  for  where  only  uuheated  air  is  admitted,  the  warmest  air  umst 
bi'  the  oldest  and  its  Imiation  will  l»e  in  the  upper  air  Hpace.  If,  on  the 
either  han4l,  the  air  is  heat^Hl,  tlie  outlets  may  bi*  anywhere  so  far  as 
height  is  cone4^^rnrHl,  liut  there  is  some  choice  in  hR*ations  with  resix»ct 
t^i  inner  and  outer  walls.  Outlets  placcil  Ixnieath  w^indtiws  or  nwir 
outer  walls  will  witlidraw  the  fallirtg  enrrents  of  the  only  recently  in- 
tnH!nc*<'<l  air  Ix^fore  it  has  had  an  opjHirtunity  to  become  well  mixtd  by 
]jassjig<^  a<'-rt>ss  the  floor  to  tlie  other  side,  and  before  it  has  in  any 
j>roj>cr  degree  fulflU*^!  its  functions;  but  if  lis  passjige  thnaigh  the 
Liwer  stnita  is  not  interrnptiHl  in  this  manner,  it  is  enabled  to  mix  with 
and  dilute  the  imjmrities  of  the  air  alreiidy  vitiat+d,  and  thus  etteet  a 
large  measiu'e  uf  work,  and  so  when  it  rraehes  the  other  (inner)  side 
and  flnds  an  cmtlct  tVu"  its  escape,  there  is  no  objection  to  its  withdm^val, 
and,  iiuleed,  its  remtA'al  then  is  highly  desinible.  Hetice,  and  for 
aufUher  reason  as  will  apjK'ar,  outlets  sliould  be  plaetd  in  inner  walls 
nuhcr  than  near  or  in  outer  cooler  oni's,  and  nt^r  the  flnnr  where  they 
miiy  intercept  tlie  air  hefon*  it  may  again  becona*  a  part  of  the  ceiling 
currents. 

If  but  one  outlet  is  to  1k'  provided,  it  should  lie  phif*ed  with  i*efcrtnice 
to  th(^  niost  even  movement  M'  the  current  nvcr  the  whole  area,  liaving 
in  mind  the  tact  that  tlu-  air  juovenient  toward  it  is  ctmvcrgent,  and 
the  dinn^t  reverse  of  the  flow  from  the  deflecting  and  diffusing  surface 
iit  the  inlet. 

As  to  size,  it  may  be  said,  in  general,  that  a  single  outlet,  or  the 
38  ♦ 
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aggregate  if  there  be  more  than  one,  should  be  of  such  size  as  to  ii»iiii 
the  possibility  of  removal  of  such  an  hourly  air  supply  as  the  spmiii 
likely  to  require  under  the  ordinary  conditions  of  its  usual  oocapincfd 
that  it  should  not  materially  exceed  this  limit ;  and  that  the  final  velori^' 
of  the  outflowing  current  should  not  be  productive  of  the  sensatiooof 
disagreeable  draughtiness. 

As  to  the  shape  of  inlets  and  outlets,  it  is  self-evident  that^wiA 
equal  areas,  that  which  has  the  smallest  peripheiy  will  oflTer  the  lent 
frictional  resistance,  and  is,  therefore,  best  adapted.  Thus,  a  cirdeeB-' 
closing  an  area  equal  to  a  square  foot  has  a  smaller  periphen-  than  i 
square  enclosing  the  same  area,  and  a  square  has  a  smaller  one  tluA 
an  oblong  rectangle.  Take,  for  instance,  a  square  foot ;  it  may  be  in- 
cluded within  boundaries  : 

12  X  12  inches,  a  square. 
16  X    9      "       " 


18  X  8 

24X  6 

36  X  4 

48X  3 

72  X  2 

144  X  1 


oblong  rectangle 


With  these  boundaries,  the  periphery  ranges  from  4  feet  (the  smaltet) 
to  24  feet  2  inches.  The  frictional  resistance  will,  therefore,  be  grcater 
in  proportion  as  the  shape  varies  from  the  circle  and  square. 

The  shafts  communicating  with  the  inlets  and  outlets  shoald  be  ^ 
disposed  in  the  general  plan  as  to  offer  the  least  resistance  to  the  inflof 
and  outflow  of  air.  Unless  they  are  heated  artificially,  inlet  flue? 
should  not  be  located  in  outer  walls,  on  account  of  the  likelihood  of 
the  formation  of  down  draughts  due  to  cooling  of  the  air  column. 
Their  inner  surface  should  be  as  smooth  as  possible,  in  order  to  bring 
to  a  niiniinuni  the  loss  of  movement  due  to  friction,  and  they  should 
1)0  cylindrical,  if  possible,  for  the  same  reason.  They  should  be  as 
free  as  possible  from  angles,  and  es|x*cially  right  angles,  because  of  the 
very  serious  loss  of  motion  which  these  cause,  each  right  angle  dimin- 
ishing the  curreiit  about  half;  thus,  after  passing  one  right  angle,  the 
flow  would  be  half;  after  a  second  angle,  the  half  would  be  reduced 
to  a  quarter,  and  after  a  third,  to  an  eighth.  The  neglect  to  take  into 
account  the  loss  of  flow  by  friction,  bends,  and  angles  is  respon^iW^ 
^or  the  failure  of  many  a  plan  for  ventilation. 

AVhat  has  been  said  concerning  the  impossibility  of  making  general 
rules  for  the  sizes  of  inlets  and  outlets  applies  with  equal  force  to  the 
flxin^  of  sizes  of  flues,  for  these  depend  upon  the  many  and  vaneu 
conditions  which,  even  under  the  best  favoring  circumstances,  affef^ 
the  rate  of  flow. 

In  planning  inlet  and  outlet  shafts,  it  is  to  be  borne  in  mind  that 
something  more  is  necessary  for  their  proper  working  than  the  dictum 
that  this  one  is  for  fresh  air  and  that  one  for  foul,  for  natural  for<^ 
have  no  respect  for  mere  names  and  plans,  and  the  current  in  a  A'^^ 
will  be  upward  or  downward,  inward  or  outward  according  to  natutd 
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lawH.  Outlet  yhatis  may  iiLH-imio  cniisidenihly  fLNiltil  by  low  externa! 
ti'iniH^nitiiros  ;  they  may  he  invaded  by  rain  and  »tiow,  the  evapmitioii 
of  which  oaiiHC!?  ciioliii^  iind,  therefore,  increase  in  ^riivitv  ;  or  then* 
ruiiy  Ih'  k\n  insuttieieney  «»r  inlet  air,  so  tfisit  a  partial  vaemini  is  fonntHl 
bv  the  I'urreJtt  i4'  nne  lar^'  outlet  (ioi%  which  tlierelty  eaui?es  a  reversal 
of  that  of  a  smaller  one,  so  tliat  unv  Hue  dniws  a^^iintit  another.  It  is 
from  any  one  of  tbede  etiU!?»e.s  that  a  eliiniiiey  may  fail  tf>  discharge 
smoke  upwanl — ^a  (jircumstiUU'e  u*»tiei»d  more  often  in  summer  than  iii 
win  ten 

Mechanical  Ventilation, 


if  I 


Mechanical  ventilation  consists  in  the  jirojiulsion  or  extraction 
hy  mesuis  of  blowers  or  exhaust  ians  thriven  by  steam  or  eleetrieity. 
That  in  which  the  air  is  projK'lled  hy  the  action  of  a  blower  is  known 
as  the  **  [denum  ''  system,  and  the  other,  in  whieli  it  is  withdrawn  by  an 
exhaust  ian,  is  known  as  the  '*  vacuum  ''  system. 

In  the  plenum  system,  the  air  h  dmw^n  iuti>  a  box,  in  which  the 
nvolvintf  blades  of  a  Ian  are  hicatt^l,  and  it  is  then  driven  intfi  a  cen- 
tral crtnduit,  mid  from  there  through  iippropriate  shafts  to  the  sjmces  for 
which  it  is  intendeiL  When  it  is  desirtK;!,  tfie  air  may  be  i-eeeived  from 
or  blown  first  into  a  ehand>er  where  it  may  be  heati^L  The  air  supply 
may  l>e  rejrulate<l  very  easily  by  diminishing  or  iniTetising  the  nund>er 
of  revolntifvos  per  minnte,  but  it  should  always  he  in  slight  exces.^  of 
the  real  nee<l,  in  onler  to  produce  a  sliglit  outwanl  pressure,  which  will 
prevent  inward  leakage* 

In  the  vacuum  system,  the  air  is  extracted  frmn  the  vfuious  rooms 
thmngh  pi[>t\s  leading  to  a  central  shaft,  wliere  it  is  <lraw  u  into  the  tan 
and  discharged  outwardly.  This  systeui  has  among  4»thcr  disadvau- 
tiig<*s  that  of  greiit  ineipialities  in  drauglit  iu  the  (lilfen'ot  discliarge 
tubes,  and  tliat  the  vacuum  ciaalition  favors  the  inward  Iwikagc  of  (*okl 
air  throngli  cracks,  w^alls,  and  about  wimliiws,  :nid  tends  to  eiHise  eiild 
floors  and  disagreeable  small  dniughts  about  windows.  Inconsequence, 
more  fuel  is  needed  for  the  maintenanr*e  of  a  ]iro|)€^r  temperaturcj  ami 
the  system  is,  thereftire,  a  source  i»f  griiiter  eXf)euse, 

The  advantages  of  mechanical  ventilation  lie  in  the  fact  that  the 
object  sought  is  attaimible  iu  any  and  all  conditions  am!  variations  cd* 
weather,  and  that  less  space  is  r(H|uired  for  stiafts  than  in  the  ease  of 
natuitil  nu  thods, 

Meehanie;d  ventilation  on  a  compsiratively  small  scale  is  employed 
ennnnonly  in  crowded  utlices  anil  other  s]jaces  by  means  of  small  c^x- 
tnieting  fans  run  by  the  aid  of  eh-ctricity  (conneetion  l>eing  made  with 
the  electric  light  system)  in  sjKvially  pn»vi<le<l  locations  connecterl  with 
outlet  flues,  or  diri^ctly  in  a  sjmee  made  by  removing  window  panes. 


Artificial  Heating  in  Its  Relations  to  Ventilation. 

First,  for  the  pro|ier  understanding  of  the  sulyect  of  hesiting  in  its 
bearings  on  ventilation,  it  is  ncficssary  to  consider  the  different  ways 
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in  wliif'li   heat   is   inipnti'd.     Thpse  are   three  in    iiural>er :  rd<liauoo,| 
<;o  lid  action^  ami  cfiiiveftinn. 

Radiation. — Kuiliaiit  heat  jiasses  fnim  its  source  thmugh  tliei 
IwMlies  by  wliieh  it  may  lie  aljsorlKH],  traiismittoti,  or  reflecuJ.  iirj 
l>ein^  ^*  tniiis]>an*iit ''  tti  heat,  is  not  niaterially  attWtetl,  ami  ibedi 
the  uir,  thr  less  liejit  it  will  i^etaiTK  It  jiasse?*  (Hreetly  from  il^  7^^ 
ill  waves,  like  the  waves  of  light,  tt*  the  uiijeet  ujK)ti  which  it  fHlLsam 
the  amount  reflecte<l  or  absnrljed  varies  with  the  nature  of  the  i>lij« 
its  enlor,  the  rhanieter  of  its  surfat*!:*,  and  its  temijemture,  II^  i» 
tensity  varies  inversely  as  the  stjuare  of  the  distance  l>etwpcn 
jsoiu'ee  and  tlie  olijeet  u|ii»u  vvhieh  tt  falls;  thus,  the  amount  ryivm 
by  two  objuet^  1  auil  o  feet  resjx'etively  distant,  will  be  inversely  its  I 
and  25  J  at  1  and  10  feet,  in  versify  as  1  and  100;  at  5  and  10  fw 
inversely  as  25  and  100  ;  tliat  is,  tlie  nearer  will  rec^oive  in  the  first  i 
4?tanee  1^5  times;  in  the  stH'und,  100  times;  atjd  in  the  thiixl,  4  timd 
as  luueh  as  the  farther  objeet. 

As  an  instance  of  nidiant  heat,  we   may  take  that  \shieh  pnnt 
iVoni  an  oj>eu  fiix\     The  heat  passes  in  direi^t  lines  thnuigh  the  air! 
the  w^alls,  Hoor,   eeilini^^  furniture,  11  ud  other  objects   in   its  [loth,  aDdl 
these  aljsnrb  snnie  antl  reflect  the  rest  to  other  |Kirts  of  the  nK>m.    Il^ 
directly  warms  only  that  surface  of  an  ol>je<.'t   that   is  directly  oplx>^i 
to  it.     The  objects   by  which  it   is  opiwised   then  disseminate  it  in  IM'* 
ways :  by  conduction  and  convection. 

Conduction. — Coudiiet^Hl  brat  is  tliat  whieh  passes  frnm  eue  p- 
tickle  of  uiaticr  to  another  in  direet  c<mtact  :  that  is,  from  c»ue  jmrticli't*' 
another  of  the  same  o!>je<'t,  or  from  one  oljjcct  to  another  which  « 
toaehes,  t'nndtiction  acts  thronp:h  all  nilid  snl>stanoes,  but  by  w 
means  to  the  snme  extent »  S4>me  being  giMwl,  some  imliffmmt,  aw' 
others  bad  contlnctors.  The  l>est  conductors  are  metals^  and  rlies' 
vary  within  very  wide  limits  ;  copjier,  for  instance,  is  a  very  niwli 
better  conductor  than  iron  or  zinc,  AVimhI  is  a  poor  conduct ^r.  ainl 
Avoven  and  MUhI  materials  and  aslit^stos  are  veiy  jHKir.  Thnm^k 
]i(]nids  and  ^j>es,  ht^at  is  cnnduettNl  to  only  a  very  limited  extent J'«it 
there  is  no  substance  known  that  is  al>sr)lntely  n<MY-<'nmhu'ting. 

GoLxl  conductors  jx^rmit  a  nijJid  flow  iif  heat  throiifrh  their  snlisrouo^; 
poor  ones,  only  a  slow  tniusuiissiou.  (to(x1  conductors  relintjuisli  tlior 
bctit  mpidly  to  their  eobler  snrntnmlinors,  wliether  air  or  anything  d^> 
and  withdraw  heat  from  bodif  >  which  are  warmer  tliau  theinselvei. 

Convection. — Cn[ivectit)n  is  tlie  |)rfK*ess  by  whirh  heat  is  (*M!nrnum- 
<!at<Hl  to  leases  and  liijuids,  actintr  throiifrh  their  mobility,  which  jhThii^ 
those  parts  that  have  iH-en  expanderl  by  i^ason  of  beconjing  liCMtt?*' t** 
be  displacf**!  upward  l>y  ninler  portiniis,  wliieh,  in  their  turn,  ivci^ivi"? 
beat,  f^ive  way  to  others,  until  the  whole  mass  iH'Conies  niist^  in  t^""* 
]K^niture  by  continucnl  application  of  heat  and  coni^eqiient  mniutenaiK^' 
of  circulation. 

Every  warm  ImkIv  with  which  air  comes  in  con  tic  t  corainunicates  »** 
!ieat  to  those  portions  in  its  innnediate  vieiuity  ;  thc^se  cxjiaTid  nml^^ 
iureed  onward  by  the  cooler  heavier  |>ai*tt3  neaivst  thern  ;  tlie^e  in  th^''^ 
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turn  give  way  to  others,  and  eonvi'ction  eurrentvS  are  estahlished  to 
such  an  extent  that  tht*  air  of  a  rooiri  takes  on  a  very  etunplicatal  j^tiiti* 
of  activity. 

Convit^tion  currents  are  fstal>lislx(xl  by  every  ixTson  in  u  riHini  ^«> 
long  as  the  teni|K*rataiv  is  Iml'Iow  that  of  the  IkhIv.  They  are  estah- 
HsIhhI  by  the  wanner  walls,  floor,  furniture,  hot -water  pipes,  steam 
radiators^  elose  stoveSj^  ancl  otiier  warm  objer^ts,  arnl  in  this  way  the  air 
heeouus  heated.  The  air  whirh  enters  roonis  ihruiitj^li  shafts  eom- 
uiuuieating  with  the  air  ehaniber??  of  furnaees  an*!  **  indirect  radiation  '* 
apjmratuse8  are  ccmvection  currents  in  the  la rjj^e.st  sense.  The  direct 
rays  of  the  sun,  |«i?sinj;  tliroujj^h  windows  and  absorl>e<l  by  the  floor, 
walls,  and  other  objeets  which  tliey  strike,  alsf^  cause  upward  con* 
vectitin  eurreuts. 

Methods  of  Warming. — The  principal  niethf>ds  of  heating  liouse.H 
and  rofMus  are:  L  (>jM*n  tires,  2*  Stoves,  3.  Furnaces,  4.  Hot- 
water  pijM's,  o.  Steiuii  pijx^s,  The  niethiHl  most  ap]ilietd>]c  in  any 
|Kirlieulur  ctise  will  drjH'inl  u|niu  the  size  of  tlic  nnau  and  the  nutnber 
of  rooms  in  the  building.  In  genend,  it  may  be  statcil  that  the  smaller 
the  space,  the  more  simple  the  mctinxl.  For  a  single  room,  an  cukhi  tire 
or  a  8tove  will  be  sutlieient ;  for  a  small  house,  stoves  or  a  furnace ; 
for  a  large  one,  one  or  fu^irc  furnaces  av  hot-water  or  steam  apparatus  ; 
and  for  large  liuihlings — *>ffivQ  luiildiugs,  ti>r  instanee — ^**  direct'*  or 
'*  indiri*i't"  stcarn. 

L  Opan  rirea^—Practically  the  whole  u{  the  ]uKit  supplied  by  an  open 
fire  is  radiant.  If  the  fuel  is  held  in  a  grate,  there  is,  c>f  course,  a  cer- 
tain amount  of  comlintiou  from  the  bars,  and  of  conveeti<in  currents 
in  the  air  in  its  inimediatc  vicinity,  liut  this  lieat  docs  not  get  out 
into  the  room,  because  it  is  immediately  carried  up  the  flue  by  the 
draught  of  the  chimney.  The  nidiant  heat  is  absorl)ed,  reflect^-d,  and 
distributed  in  the  nninner  already  desi-rilnMl,  but  reaches  directly  only 
tliose  snrfatHi^s  which  arc  ojjposed  to  its  source — which  account.s  tV>r  the 
saying  that,  in  a  cold  rot  mi  with  an  rijxm  fire,  ***uie  side  roasts  while 
the  other  freeze^/'  Only  a  small  jxiit  of  the  total  heat  of  the  fuel 
consumed  is  available  fVir  hinting,  sint»e  most  cjf  it~about  seven- 
eighths— is  carritHl  at  laice  uj*  the  (4iiinniT*  An  c^pen-fire  stove,  such 
a8  tlie  old-fiisbiorRMl  "  Franklin/'  which  stands  ifut  in  the  rofim,  and  is 
conncct€Hl  with  tlie  flue  by  stove  pijnTtg,  yields  a  hu'gc  amount  of  its 
hesit,  since  the  material  of  its  eonstrnction  is  lirated  by  conductioji  and 
then  gives  it  off  t<>  the  air  by  couvectit^n. 

OjK'u  fires  cause  the  intriMlu(*ti<»n  and  removal  of  large  volumes  of 
air,  lait  these  are  by  no  means  ahvays  well  mixed  with  the  whole  niass 
of  coutained  air.  Nevertheless,  a  largt;  measure  of  ventilation  is  ac- 
couipiished,  a  certain  amount  of  heat,  perhaps  suflie^ient  for  immediate 
niH^ls,  is  given  ott',  and  tla  re  is  also  an  uunieasurrd>le  a<lditioii  to  the 
general  eht^rfulness.  They  may  cause  t<Hi  much  draught,  and  they  are 
certainly  not  economical,  but  a,s  accessories  to  other  heating  methods 
they  may  he  most  use  fid, 

2,  Staves. — Close  stoves  have  more  direct  resulta  in  heating  and  less 
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in  ventilating  than  the  open  fire,  for  more  of  the  heat  prodooedii 
available,  and  they  discharge  into  the  chimney  only  the  air  voloofli 
that  have  passed  through  them.  The  materials  used  in  their  constne* 
tion,  iron,  soapstone,  brick  and  fireclay,  conduct  the  heat  and  give  it 
off  to  the  air  with  varying  rapidity  ;  cast  iron  yields  it  about  as  npidljr 
as  it  is  received,  soapstone  and  brick  give  it  off  only  gradually,  hit 
for  a  longer  period. 

When  cast-iron  becomes  red  hot,  it  may  l)e  decidedly  objectioDibk 
for  two  reasons :  first,  that  the  organic  dust  particles  in  its  immediate 
vicinity  become  charred  and  yield  odors  ;  and  second,  that  it  absorin 
and  transmits  considerable  carbon  monoxide  from  burning  coal.  Stem 
may  be  so  arranged  as  to  act  not  alone  as  heaters,  but  as  ventibdng 
apparatuses,  and  this  fact  is  of  very  great  value  in  the  case  of  smiD 
school  buildings  in  country  districts.     The  stove,  standing  out  in  die 

Fig.  43. 


Jacketed  veDtilating  stove. 

room,  may  be  surrounded  by  a  cylindrical  jacket  from  the  floor  up- 
ward,  leaving  a  sufficient  air  space  between  the  two.  Through  thf 
floor  within  the  enclosure,  is  an  o])eniiig  into  an  air  duct  communicat- 
ing with  the  out<loor  air.  The  heat  of  the  stove  is  conimunicated 
to  the  air  between  the  latter  and  the  jacket  and  an  upward  current  u* 
formed,  whieli  draws  upon  the  fresh-air  conduit,  so  that  a  constant 
current  of  warmed  pure  air  is  thrown  into  the  room.  (See  Fig.  43.) 
It  gm\s  without  sjiying,  that  here,  as  elsewhere,  the  incoming  air  must 
be  taken  from  points  where  its  purity  cannot  be  interfered  wth  by 
local  conditions. 

Gras  stoves  and  oil  stoves  have  the  advantage  over  others  that  tbey 
are  more  prompt  in  results,  more  easily  controlled,  and  more  quickly 
put  out  of  use.  They  have  the  disadvantiige,  however,  that  the  prod- 
ucts of  their  fuel  combustion  are  diseharge<l  directly  into  the  air  of  toc 
room.     In  the  case  of  the  oil  stove,  this  is  not  such  a  serious  matter. 
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eiuce  the  pt'rfeet  conilmstioii  of  guixi  oil  results  in  carbon  dioxide  aud 
water ;  but  with  gas  tlie  pr<.>ducts  are  more  numerous  and  varietl,  and 
intrude  some  tluit  are  irritating  and  pdi.souous.  With  pro[XT  ventilation, 
however,  in  tlte  <  ase  of  lM>tli,  no  harm  wiil  lie  ihnw, 

♦i*  Fnmaees* — Hiit-air  furuaees  are  not  only  of  very  great  ini]M>rtaiK'c 
ns  heaters,  but  uf  entjrmous  luriueni^e  in  ventilation.  In  their  use,  the 
eold  outdoor  air  is  brought  in  by  a  eonduit,  tlje  **eold-air  box,"  to  a 
eliaailK^r  in  the  up[>er  part  of  the  funnier,  above  and  surrounding  the 
**diiuie,''  where  it  i-omes  in  eontact  with  the  veiy  hot  surface  and  is 
heated  by  convection,  Thenee  it  pas.ses  upwanl  throngli  sepanite  tin 
tubes  to  the  scveiiil  places  tor  its  diseliarge.  In  a  hf*ose  wliieli  is 
unprovidwl  with  sj>eeial  inlet  and  outlet  ttues  for  ventihition — and  most 
f^f  our  houses  are  s<i  constructed^ — ^a  furnace  of  ordinary  h*niting 
eapacaty  performs  an  amount  of  ventilating  work  cjuite  sufficient  for  all 
neeils,  and  for  which  it  rarely  reH'ei\'es  credit.  It  «hst*harges  into  the 
various  rooms  a  constant  supply  of  warmed  frt*sh  air.  Where  and  how 
it  all  esciijies  is  a  matter  of  s*H.'onilary  interest  and  importance,  for  it 
gets  nut  where vt>r  it  may  fiml  its  way. 

4.  Hot* water  Rpes.— Hot- water  lieating  depends  upon  the  ci regulation 
of  water  by  convection  currents  through  a  system  of  \npes  which  may 
extend  all  through  a  large-sized  builrling.  The  water  is  heated  in  a 
Ijoilcr  Ix'low  and  passes  through  a  main,  leading  from  the  U[>per  part 
thereof.  As  one  portion  of  water  cnmes  in  c^mtaet  with  the  heating 
suria*'e  and  exf>ands,  it  is  move<l  along,  and  the  circulation  lH!€<unes 
cstablishtHl  just  a.s  with  air.  The  **  main  *'  gives  off  branches  where 
ui'tnli  d,  and  these  fit  their  extremities  turn  back  and  become  **  returns,*' 
which  eventually  ctmnect  with  each  otlier  and  form  the  ^^  main  ivturn/' 
Mhich^  eon%'eying  the  cooled  water,  enters  the  boiler  at  its  lowest  point. 
The  first  fjart  of  this  system  may  be  compartil  with  the  aiteries,  and 
the  **  returns,"  with  the  veins  of  the  IkmIv,  Vents  are  pn)vided  for  the 
escaiH'  of  dissolveil  air  libcrateil  from  the  water,  and  "  cut-f»ifs  '"  are 
inserted  for  t!ie  shutting  out  of  any  jKirt  of  tlie  system  as  desired.  It 
is  very  necessary  that  air  should  not  be  allo\vt»d  to  accumulate  in  the 
pi]K?s,  since  it  will  stop  the  flfjw.  In  low-pressure  systems,  a  small 
cistern  is  provided  to  allow  for  the  expansion  of  the  water  and  to  pre- 
vent its  oviTfl(*w.  The  hnt- water  system  may  be  of  either  lu'gh  r^r  low 
pressure.  With  high  pressure,  the  pijws  are  snmller  and  necessarily 
stronger,  and  tlie  water  is  healed  to  a  eonsidcnibly  higher  temperature 
(300*^  F.),  antl  [i**uee  circulates  more  ra]>idly.  With  the  low-pressure 
J^ystem,  the  water  d^ies  not  go  much,  if  any,  above  212°  F. 

With  the  hnt-watiT  system  *>f  heating,  the  air  is  hentetl  mainly  by 
convection,  though  from  polished  pipes  a  certain  amount  of  radiatitm 
occurs.     W^ith  high  }>ressure,  the  air  may  easily  be  overheatt^l. 

o.  Steam  Pipes,— In  steam  heating,  the  system  is  very  like  tliat  of 
hot-water  heating,  exeept  that  steam  is  the  circulating  m<nlium  instead 
of  water.  With  steam,  au<l,  indee<l,  with  hot  wiiter,  heat  may  l>e  dis- 
tributed by  the  "direct  "  or  **  indiiTct  "  methods.  In  the  **  direct '* 
method,  the  pi|ies  am  distributed  within  the  space  to  be  heated,  and  the 
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air  i»f  eiU'li  room  is  hfoitcHi  Kt'|>arjtel>\     In  the  **  imlirect"  metV«d,tk| 
heating  surfaces  are  all  coneentratt^  in  the  bn^enu'iit,  aiul  are  eDcloaiJ 
in  ^Ivauizecl  mm  eondyits,  which  reeeive  ami  eouthict  tbi*  air  jitj 
in  the  ease  t»f  the  hot-air  furnace.     The  t\v«i  nietluHls,  it  will  Ixiui^ 
vary  vvitiely  in   the  matter  uf  at-sisting  ventilation  ;  the  diiwt  I 
in  no  air,  hnt  heats  that  whieh  is  at  hand;  the  indirect  brings^  in t 
volnnies  of  heate*!  fre.sh  air,  and  thns  insiinis  change  of  air. 

In  eiinclysion,  may  1m*  mentione<l  the  eonsidenihle  h- 
circnlatinj^  inflnence  of  hnrning  illominating  ^is.  By  menu 
able  outlets  above  tlie  bnrners,  gas  may  l)e  made  not  only  to  dijii'imri^ 
the  prmlucts  of  its  own  combustion,  but  to  R^nd  c»ut  large  voluni&^Xl 
otlierwist*  vitiat^nl  air  as  well.  Nor  i>  the  heat  «»f  the  sim  so  iDsig 
runt  tiiat  it  uiny  be  j»assed  by  withont  notice  in  the  planning  *>*  fj^ 
terns  of  vetitilaiion*  Inai^mnch  iis  the  tlitleitvnce  in  tern peni tart' of  th 
ontsitle  air  *n\  the  north  and  south  side**  ijf  a  house  averages  abool  f 
and  may  reach  10,  dcgrt»es  F»»  just  that  amount  of  advantage  mavl 
gaiuetl  by  taking  the  air  for  ventilati*>n  from  the  warmer  nde.  In 
gmvity  ventilation,  the  inlet*?  should  be  where  they  may  face  the  prr- 
vailing  winds. 


Regulation  of  Temperature. 

In  carrying  out  any  scheme  *tf  ctfrcient  ventilation,  it  is  ntce^^Vf 
to  guard  against  overhesiting,  which  may  not  be  noticed  until  it  bc- 
conies  so  niarked  that  it  csmnot  lielp  nttnicting  attention.  When  *w'h 
is  the  (*ase,  the  common  |irjctice  is  to  t^nse  a  lowering  of  die  t»  in- 
[tenitnre  to  the  dcsiretl  jniint  as  H>i»n  as  possible  by  opt*ning  windnu^  • 
admit  the  <'i»hh*r  air.  The  conse(|Ueuce  is  the  pnxluction  of  a  distiiM  ii 
cold  atmiisphere,  nion*  so  than  ordinarily  i>  shown  by  the  thennimn  Ur* 
which  diH's  not  react  very  promptly  to  .sudden  changi's.  This  pn:»diKts 
chillv  scns;itiuns  win'ch  cnll  ff>r  a  n-turn  to  the  original  (^»nditi«jn.  h 
the  uicjrntimcj  a  lot  of  hmit  has  been  wastt*d  and  the  foundation  f«fr ;« 
(Mild  has,  ]XTliaps,  been  laid.  If  windows  are  lefl  open  in  file  uppr 
stories,  as  nften  happens  in  overbeatc**!  bnildinp^^  there  arc  emistaiit 
tjutflow  and  wnsfe  iA'  beatiHl  air,  with  a  ci>rre>]Mmding  inflow  of  nn- 
warmnl  air  bcl(*w,  which  recjuin^s  the  expcnditnn'  of  additional  I'l^  ' 
onler  tliat  the  lower  stetries  shall  be  pnijx'riy  warmeiL  In  itverh'  i  ' 
brnldings,  there  is  also  the  additional  loss  from  outward  leakagt^thrcuJi:' 
all  |Hissible  outlet  channels. 

To  piTn'ent  wjiste  of  heat  in  pn)jM*rly  heated  buildings,  we  bvt 
retoni^e  to  double  ghii^ing  and  donble  wind*»ws.  Donbh*  ghurinir  >* 
accomplishes]  by  littiug  two  jwincs  into  each  spact*,  instead  of  oriri  witli 
a  s|Kice  of  a  ipiarter  or  a  lialf  incli  between  them.  By  tliis  m»i»»"N 
the  loss  of  heat  (Hcurring  tliTfHigh  i>rdinary  wiuilows  is  re»lurt'<l 
alHHit  one-thiril,  which  means  a  saving  of  considenible  fuel,  sia»T  t!»t- 
loss  of  heat  Iry  condncti(ni  throngh  ghiss  windows  is  ver}*  con>iiliml>l''* 
I>oul)le  windows  are  still  rnoa-  efticient  as  hesit-savers,  Heri'  ^'^ 
outer  window  is  made  to  tit  as  aecMirately  and  eh^f?ely  as  pos&ibU  l? 
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the  use  of  listing,  and  we  have  iretvveen  the  two  windows  a  fairly  deep 
spiiee  tilled  WHth  air,  which  Is  a  ven^  poor  conductor  of  heat.  It  is  on 
the  same  principle  that  we  use  loosely  woven  wtjollen  ^oimIs  and  furs, 
whi(*h  htdd  within  their  uu>hes  anil  hetwei'u  the  liaii>i  a  hirg:e  aniunnt 
tif  this  jMM^r  eondnetor.  The  hxs  of  hoat  tln^uii^h  walls  is  h'ssene^J 
when  a  iJ.inular  air  spaw  exists  within  them  ;  a  solid  wall  will  con- 
duct a  very  large  amount  of  heat  and  waste  it,  w^iile  the  same  amount 
of  huildiug  material,  or  eousidemhly  less,  may  lie  so  dispf>sed  as  to 
bring  tliis  loss  (hnvn  to  a  niiiiiumui. 

Loss  of  heat  is  eaustnl  alsu  hy  dampness  of  walls,  for  a  eontinnal 
evajioration  g*)es  on  from  their  surtaee,  and  this  retpiires  heat  and  prt)- 
duces  cooFrng.  Ever\'  ounce  of  moisture  so  vaporized  requirfs  the 
coui^umptioD  of  extra  fiieh 
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Necesaity  of  Providmg  Moisture* 

Concerning  the  need  af  insuring  a  rmrmal  amount  of  moisture  in  the 
air  of  heated  huihlin<^^s,  there  is  more  or  less  difference  of  cKpinioti,  hut 
the  weight  of  evidence  from  a  nxHlieal  stan*ljKjint  and  from  <jur  own 
sensations  {jotnfc^  to  the  advisahility  of  introducing  an  amount  of 
moisture  sufficient  to  bring  the  relative  humidity  of  the  air  to  ^iW  or 
55  {MT  cent. 

The  limer  the  temjteratun^  nf  n  body  of  air,  the  hss  tiie  amount  uf 
moisture  it  ciin  hold,  and  wliat  would  he  siitn ration  at  a  low  tempera* 
ture  would  he  but  a  very  low  relative  humidity  at  a  higli  one.  For 
instance,  a  volnme  of  air  at  0^  F.,  c(»ntaining  its  fullest  possilde  mnount 
of  aqut^ous  vajH^r,  admitte<l  to  the  cold-air  l»ox  of  a  furnace  and  then 
heatetl  to  H5°  F.  Ix-fore  l)eing  eonducUjii  to  the  ro< uns  of  a  ln»use,  will 
have  at  its  new  tem]M:*ratnre  but  a  very  small  relative  humidity.  It 
will  la*  so  much  drier  than  any  outside  air,  that  that  of  the  driest 
climate  in  t!ie  world  will  ia*  moist  in  comjmriscHi,  Thr^  grrat  majority 
of  U.  S*  Signal  Si'rvice  Stations  have  a  mean  reiativi"  humidity  t*f  f)5 
to  75  jK^r  cent.  ;  only  twenty-four  show  lielow  Bt>  c^r  over  8(>,  and  the 
ven*  lowest  is  in  the  hott<^st  fxirt  of  Aris^ona,  where  newsjxqx^rs  rrnek 
when  handliHl,  glutHl  furniture  falls  apart,  ami  the  skin  lieeomes  liard 
and  dry.  At  this  place,  Fort  Yuma,  the  mean  relative  humidity  is  t\fy 
|)t  r  cent. 

When  outdoor  air  is  heated  so  as  to  maintain  an  even  temjx^rature 
of  70*^'  F.,  but  with  no  addition  of  watery  vapor,  its  ca|>aeity  for  al>- 
sorbing  mciisturL*  is  very  much  inereasni  and  it  will  take  it  up  from 
all  moist  Hl>j<H'ts  with  wiii<4i  it  eonus  in  c«intaeL  It  will  take  it  iVom 
the  skin,  frum  the  mucous  memhranes  ut'  the  nToutli,  nose,  and  respir- 
atory tract ;  from  furniture  raa<le  from  wornl  which*  in  the  process 
of  kiln-drying,  was  never  brought  to  such  *lryness  ;  from  the  leatlier 
binilings  f>f  l>n(»ks,  causing  them  to  crack  and  lall  tn  picecs  ;  and  frt^m 
plants,  which,  in  rr>iisr  (|iienr*e,  wither  and  tVu\  It  thus  causes  more  or 
less  dryness  of  tlu*  skin,  irritation  of  the  thmat,  and  cough.  It  causes 
also  need  of  a  higher  temjK'rature  to  give  the  same  sensation  of  warmth 
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and  comfort  than  h  tlio  aisc  with  air  criHtaiijiiig  a  normal  amount  of 
nioiKture,  It  18  on  awomit  of  the  disiigreeable  and  destructive  el!w:t5 
of  extreme  dr>'ne8s  that  \vator4u*lders  are  attached  to  furnaces  and 
Httives  «u  a,s  to  pve  lodistnn*  t<i  the  ht*at<:d  air.  But  even  when  attt*n- 
ti(m  is  juiSd  to  keeping  them  t'ull^  whieli  i^  not  often,  thcv  are  verv 
iimdtH|uate  for  the  (*ur}H:KSL\ 

Air  at  25°  F,,  s^itumti^l  with  nioistnre  and  then  heated  to  70^  F*, 
won  hi  iietnl  more  than  OM  pint  of  water  in  every  1,00<>  cubic  feet  to 
give  it  a  hnmidity  ni'  G-")  \wr  cent*,  and  this  h  far  in  excess  of  the 
c^paeity  of  the  onlinary  waterpot  of  the  furnace,  as  is?  j^een  when  we 
reckon  what  0.5  pint  per  1,000  cubic  feet  means  in  the  caur^ie  of  a 
Jay. 

Mi^istnre  may  be  impartial  to  tlie  air  hy  eX[K(sinf^  pans  or  purous 
vessels  of  water  to  the  heated  enrreni,  r^r  Uy  nienns  of  ttie  **  humidi- 
fier;*' which  ex|K>8e8  to  the  air  juissiog  thnnigh  the  registers  a  surikce 
of  cotton  wicking  communicating  with  the  i*e:servoir  <»f  water,  (See 
Fig,   44.)     With  this  device,  Dr.  H,  J.  Barne?^,  of  Bostou^   reports 

Fig-  44. 


HuinUIIfter. 

that  he  is  aWe  to  keep  hit^  office  at  53  jkt  cent,  relative  humidity  bv 
^vaptirating  an  average  of  4.5  quarts  of  water  i>er  ihiy.  At  tlie  sstnio 
time  J  he  finds  a  temjM^ratnre  of  65°  to  Ik:^  iM^rfoi^tly  comfortable  where 
Iw'fore  he  hail  reqniriHl  70^  or  71'^. 

On  a  larger  seah%  water  may  be  vaporized  into  the  air  in  the  form 
of  stc^un  from  a  boiler.  In  tlie  Iniilding  of  tlie  Amerimn  Bell  Tele- 
phone CfK,  in  Boston,  a  luiilding  having  a  eaiKicity  of  450,000  euldc 
fet*t  and  a  tlay-tinie  popolatir»n  of  more  than  450  pi-rsons,  the  air* 
which  is  distribntAHl  hy  the  meehanieal  system,  is  drawn  intii  the 
building  at  the  rate  of  120,000  enbie  feet  ]»er  minute,  heate»d  to  about 
IQQ^  F,  in  the  stiick  room,  and  n>oistened  st^  as  to  n^ntain  alM>ut  50 
per  cent.  rehiti%"e  humidity.  For  the  prmhietion  of  this  eonditii>n^ 
no  less  than  675  ^Ihms  of  water  in  t!ic  fbrtii  (if  steam  are  given  to 
the  air  in  ten  hours,  or  al>out  oue  and  a  half  l>arrels  per  hour.  Cei^ain 
.partB  of  the  building  which,  Ix^tbre  the  adoption  of  this  process,  had 
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been  heated  with  some  ditfieulty,  are  uow  made  more  comtbrta!)le,  and 
iu  the  whole  buikling  3  degrees  less  heat  are  reiiuireil  for  the  maiuteii- 
aiiee  of  an  ugree-able  tempeniture.  Aceording  to  Mr*  C  J.  H.  W^xxl- 
hurv/  under  whose  direetiun  the  plant  \va.s  installed,  *'auother  feitnre 
in<lit'atiiig  tlie  greater  eonilbrt  of  the  huildiiig  was  the  ahseiire  iu  win- 
ter i>f  the  e<mghiiig  by  thu:5e  eiiiployetl  there,  a  eough  of  the  hr«jnt'iiial 
kind  or  from  the  larynx,  a  eough  whieh  ends  with  a  i>c]neal,  which  is 
so  prevalent  in  New  Enghuul  during  the  winter,  especially  in  thuse 
employed  in   offices." 

Filtration  of  Air.— Here  may  lie  gtveji  an  instance  uf  the  bench t 
derived  from  tilteriug  large  volumes  of  air  intrcMlueed  into  a  building 
for  purposes  of  ventilation.  In  the  building  above  mentiimcHl,  the 
air  is  dmwn  into  and  through  a  system  of  large  cotton  liags  3t*  feet 
in  length,  in  whit-h  all  dirt  and  dust  is  ret:tintHL  About  a  jXM'k  jM^r 
month  is  sf!jmmted  in  tliis  way  from  the  air,  which  is  drawn  not  from 
the  street  level,  but  far  al)ove  it.  An  analysis,  eheinical  and  micro- 
scopicalj  made  iu  April,  18S)7,  showed  22.67  ]>er  cent,  of  organic  and 
77.3^i  of  inrKganie  matter.  The  material  consisted  of  all  nianuin"  of 
animal,  mineral,  and  vegetable  sulistances  tjrdinarilj  present  in  the  dust 
of  large  cities. 


Detenmnation  of  Rates  of  Ventilation, 

The  estimation  of  the  amount  of  air  entering  and  leaving  a  room 
through  inlet  and  outlet  Hues  is  a  very  simple  matter,  but  the  results 
may  not  be  aeccptiH]  as  an  indicjition  of  the  effieieney  of  v* mutilation, 
since  it  so  often  liapj>ens  that  much  of  the  effluent  air  has  failed  to  jK^r- 
torm  its  full  duty  in  diluting  the  impurities  arising  from  resjiirntifui 
and  comlinstioii.  Nevertheless,  such  a  determinatifui  may  yield  inj- 
pirtant  indications. 

In  orth?r  to  ascertain  the  volume  of  air  passing  tiu'ongh  an  opening, 
whetiier  inlet  or  outlet,  it  is  n^'essary  to  know  the  area  «jf  the  CFj>cni ng 
and  the  vchn-ity  of  the  etirrent*  The  former  is  easily  calculated  arith- 
metically ;  the  latter  emi  be  found  only  by  the  use  ni'  an  anemometer, 
an  i nstrunient  of  ver}^  delicate  etmst ruction,  whieli  registers  the  distance 
travelled  by  a  current  of  air  iu  imy  perirwl  during  which  it  is  ex- 
p^se<l. 

A  eurrent  of  air,  jrassing  through  an  ojM'uing,  has  not  the  same 
vehx'ity  at  all  jKjints  of  its  cross-section.  It  moves  in  the  same  manner 
as  a  river — faster  at  it«  eenter,  where  it  is  least  subject  to  the  influeno** 
of  friction.  Therefore,  the  velrKMty  should  l>e  taken  at  dittm'ut  points, 
and  the  mean  of  the  results  a(*in;[ttiMj  as  its  true  miv  i>f  nn^vcment. 
The  anemometer  is  held  for  a  given  time,  say  half  a  minute,  at  a  [ioiut 
at  the  periphery  of  the  ojM'ning,  and  then  uiovkI  al<ing  a  short  ilistanee 
and  held  for  an  et|ual  |ierirMl,  and  so  on,  frnni  j>oiut  to  point,  until  the 
whole  an^^i  has  fnirly  been  traversed.  The  reading  of  the  instnuncnt 
is  then   nottMl,  ami  the  distauci-  indieateil  is  dividnl  by  the  munher  of 
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points  where  stops  have  been  made.      The  quotient  equals  the 
travelled  by  the  whole  current  during  the  unit  of  time  employed, 
w^ill  Ixj  found  most  commonly  that  the  movement  at  the  peripheiyij 
xevy  .slow,  and  that,  as  the  center  is  approached,  the  velocity 
greater  and  greater,  the  maximum  being  attained  at  the  center.   Ki 
ing  the  average  movement  in  feet  or  meters,  the  volume  is  cal( 
by  multiplying  this  by  the  area  in  square  feet  or  square  mctere, 
product  being  the  volume  in  cubic  feet  or  cubic  meters  passing  di 
the  unit  of  time.     From  this  result,  the  volume  perhouriseaaly 
known. 

Example. — The  size  of  the  opening  is  2  by  3  feet ;  the  aia  i 
therefore,  6  square  feet.  The  anemometer,  held  at  twenty-foor 
lor  fifteen  seconds  each,  registers  228  feet.  The  mean  of  thfe  is 
fei»t,  and  the  current  is  moving,  therefore,  at  the  rate  of  38  feet 
minute.  The  cross-section  of  the  current  being  6  square  feet, 
volume  discharged  in  a  minute  equals  6  X  38,  or  228  cubic  feet, 
in  an  hour,  13,680  cubic  feet. 

By  determining  the  nite  of  discharge  through  all  inlets  and 
in  this  manner,  an  idea  is  obtained  of  the  amount  of  ventilation 
ring  through  means  provided,  but,  as  has  been  stated,  not  of  its 
cieiicy.  The  sum  of  the  inlet  discharge  will  almost  never  agree 
that  of  the  outlet,  since  much  air  enters  and  leaves  a  room  throii|^ 
other  openings.  Knowing  the  capacity  of  the  room,  we  learn  from  Ae 
amount  of  inlet  air  the  number  of  times  the  air  of  the  room  has  bed 
replacal. 

The  full  ineasuro  of  ventilation  and  its  efficiency  may  be  determined 
very  closely  by  methods  originatini  by  Pettenkofer.  One  of  these  con- 
sists in  first  creating  an  unusual  degree  of  impurity  either  thn>agii 
respiration  of  a  large  number  of  persons,  as,  for  instiince,  by  children 
oc^uipying  a  schoolroom,  or  by  burning  a  number  of  candles,  or  bjr 
other  chemical  processes,  then,  after  taking  a  specimen  of  the  air  fbf 
analysis,  keeping  the  room  closed  for  an  hour  or  two.  At  the  expira- 
tion of  the  allotteil  time,  a  second  simiple  is  taken,  and  from  the  resolte 
of  the  two  analyses,  the  rate  of  ventilation  is  ascertained  by  means  of 
Si'idel'.s  formula,  which  is  as  follows  : 


C  --.  2.308  111.  log 


Pi_ 


in  which  (*    -  nniount  of  air  which  has  entered. 

2.303  is  II  constant. 
m       ciipacity  of  the  room. 
/>!  ■--  amount  of  (X),  originally  present 
Pj  —  amount  of  (X\  at  the  end  of  the  experiment 
a   :— .  amount  of  (Xl.^  '^^  the  external  air. 

Example. — The  air  of  a  schoolroom  of  500  cubic  meters  capacity, 
accoiiimodatinji:  .*M  children,  contains  at  the  end  of  the  session  18.5  cc 
of  (XX  in  1(),()0(),  or  0.001  So  :  1.  At  the  end  of  an  hour,  a  second 
analysi's  shows  8.5  cr.  of  CiX  in  10,000,  or  0.00085  :  1.  The  outer 
air  contains  :'j.r)  cc.  of  CO.,  in  10,000,  or  0.00035  :  1. 
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a  =  2.303  X  500  X  log 


0.00185—0.00035 


I 


"  0.00085  —  0.00035 

=  1151.5  X  log  ^^^. 

—  1151.5  X  1<>K*^ 

=  1151.5  X^t>.477r213 

=  549.4  cubic  metent  of  air  in  an  hfiur, 

Tluis,  the  air  of  the  room  is  reiiewecl  hut  iinee  ami  a  tenth  per  hour, 
ami  the  result  shows  that  the  jht  capita  venti]a.tiou  is  about  a  fifth  of 
wliat  it  shouhl  be. 

The  other  methml  eon.sists  in  imjMrting  to  the  air  (*f  a  rooui  a  coutin- 
uou."^  i^upply  of  earbou  dioxide  by  aietins  of  Imruiug  eandles,  and  inakiiig 
^x^riodicid  aualywes  of  the  eoutaiue*!  air.  Caudles  of  pure  iHt^siriu,  1 
gram  of  whieh  yield.'^  1,404  liters  of  the  pt^^  are  employtHl,  A  prelinii- 
nary  aoalysis  of  the  air  in  made,  ami  theu  a  iiumlmr  of  the  caudles,  the 
eoud>imxl  weight  of  whieh  i.s  nottJ,  are  plartnl  abnut  the  room  ami 
ligliteiL  At  stated  intervals,  the  n)om  is  eutiTtHJ,  ami  at'ter  the  air 
ha:^  been  well  mixed  by  vigonHiii  fanning,  samples  arc  taken  fi*v  anal- 
ysis. At  the  end  of  the  exj>criment,  the  candles  are  [Hit  out  and  re- 
weighed,  and  frum  thi-ir  h^ss  in  wdght  and  the  results  of  the  analyses, 
the  amount  of  ventilatifni  is  ealculat4?<l  by  meiins  ot"  a  most  complicated 
formula  devised  l>y  Ilugenbaelu 

Otlier  methotLs  have  l:>een  proposed  by  Rc^cknagel,  Petri ^  and  othen^, 
but  tliev  jiresent  no  advantage's,  and  are,  in  general,  sfi  complicated 
that  iu  the  hantls  of  other  than  exi^^rt  [>liysieists  they  are  quite  useless. 

SectioB  3.     LiaHTING. 

Natural  LigMing. — In  natural  lighting,  the  liglit  enters  the  rrwun 
ilireetly  or  liy  ivHeetiou  thnuigh  the  windtiws,  and  is  tlien  reHecte<I  to 
tlilt'erent  pirts  of  the  interior,  whieh  receive  ditf'crent  amounts  of  light 
according  to  circumstauees.  Thus,  white  and  light-colored  walls,  tloors, 
and  articles  vf^  furniture  i-efleet  and  dis|versc  the  light,  while  dark  walls^ 
dra]>cries,  and  other  objects  absorb  it,  l^irge  rooms  having  but  small 
wiuduw  area  and  all  rooms,  however  generoiisly  provided  therewith, 
Ic Hiking  on  narn^w  alleys  or  streets  in  which  the  oppc*site  buiUliiigs  are 
so  high  that  the  sky-angle  is  small,  t'annot  lie  illnminatHl  nniformly  by 
difl\isc<l  dayliglit  without  some  assistance. 

The  means  employed  are  exceedingly  simple,  and  the  discovery  nf 
their  utility  for  this  purp>s*^  was  due  tci  chane<\  In  order  tn  nbstrnct 
the  view  into  factory  workrooms  from  the  outside,  and  Uv  lessen  the 
temptation  to  opera tiv*cs  to  waste  time  in  looking  out,  ril>lx'<l  glass 
I  "Was  iutrtMluecd  insteiul  of  tJixliuary  glass  for  use  iu  windows,  and  it 
was  noticed  that  not  only  was  the  desire*!  end  attaim'<l,  liut  that  the 
light  from  the  windows  was  projirtinl  tarther  into  the  rooms,  antl  to  such 
an  extent  in  some  instances,  that  artifieial  lights,  nvipiired  iMifore  in 
the  brightest  part  of  the  day,  could  Ik*  disj>ensed  with.  Attention 
being  thus  drawn  to  the  great  advantage  and  saving  of  exjiense,  a  uuni- 
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ber  of  different  kinds  of  glass  with  uneven  surfiioe  bave  been  plaflrf 
upon  the  market  and  have  oome  into  veiy  extensive  use.  ThB  beat  of 
these,  which  is  the  most  expensive,  is  known  as  <<  prismatic  glaae  ''  fipon 
the  fact  that  one  surface  consists  of  a  series  of  prisms  mnning  horuoiK 
tally.     The  entering  light,  instead  of  falling  directly  to  the  flooTj  ia 


FiQ.  45. 


FiQ.  46. 


Action  of  prismatic  glaM  in  projecting  light. 

tipped  up  and  projt»cted  toward  the  opposito  sides  of  the  room,  as  shown 
in  Fig.  45.  Vertical  scH'tion  of  a  sheet  of  the  glass  is  shown  at  A  in 
Fig.  4f).  By  varying  the  angle  of  the  prisms,  the 
conditions  obtaining  in  aiiy  situation  can  be  met 
and  light  may  be  j)rojc'et<'d  in  any  desired  direc- 
tion. Naturally,  the  j)risnis  cannot  be  used  indis- 
criminately, for  a  series  aihipted  to  light  the  entire 
lower  jmrt  of  the  room  witli  a  certain  sky  angle- 
might,  when  a])plied  to  another,  thn)W  the  light 
toward  the  ceiling  instead  of  to  the  parts  where 
it  is  required.  Therefore,  to  meet  all  conditions, 
the  glass  is  made  with  a  great  range  of  angles, 
and  the  j)articnlar  kind  neinU**!  in  any  situation  is 
determined  by  m<'asuremcnt.  AVhere  the  sky  angle- 
is  very  small,  canopies,  hung  at  the  proper  angle 
above  the  windows,  serve  to  throw  inward  a  flood 
of  light.  The  disadvantage*  of  prismatic  glass  is 
it**  great  cost. 

Ribbed  glass  is  very  efti(Ment  and  much  less- 
expensive.  This  is  made  with  4,  5,  7,  11,  and  12 
ribs  to  the  inch,  and  of  diflTerent  thickness  and  weight,  since  Ae  fewer 
the  ribs,  the  deeper  they  must  be  cut,  and  the  thicker,  therefore,  the 
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glass.      Verticsil  sii-tirm  of  a  sht-t't  nf   riblxHl  glass  m  shrnvu  at  B  m 

Artificial  Lighting. — ^Tlic  methods  of  artificial  illumination  com- 
prise t'lcftric  lighting  anil  tlmse  ili:prinjciit  ujMm  the  eonibiistioti  ut' *iils, 
gaiscs,  ami  hard  fats.  T\w  oils  einpioy(xI  are  ehieHy  of  mineral  origin, 
but  anitnal  ami  vegetable  oils  are  usetl  to  some  extent,  although  not 
verj'  mucli  in  this  country.  Hard  fat^  in  the  form  of  cauiUe.^  are  usfsl 
very  extensively  in  all  eoiintrre8,  on  aeeouut  of  safety,  eheapness,  and 
general  availji  lali  ty.  The  gases  in  ecanmon  use  are  derives!  in  mi 
eonl  and  hydnH-arbons.  Of  late,  aeetylene  gas,  olitainwl  by  the  aetion 
of  moisture  un  ealeinm  earbide,  has  etane  into  extensive  use. 

Luminosity  of  Flame. ^ — In  the  eonibnstion  of  a  mndle,  it  wll  he  oh- 
SL^rveil  that  the  flame  eonsists  of  fimr  iKirts,  tl»e  lowest  of  whieh,  lilue 
in  etilor,  gives  out  pmetieally  no  light ;  the  middle  p<irtion,  dark  in 
wlor,  eonsists  of  hydrocarbou  gas  genemtetl  from  tlie  substanee  of  the 
aindle ;  next  is  the  luminous  yellow  p<irtiou  ;  and  outside  of  this,  is  an 
almost  invisiljle  i*nvelo|)e.  The  atmospherie  ox>'gen,  moving  towaid 
the  inner  (nu^tion  of  the  flame,  unites  with  the  earbun  esea  ping  out  ward 
from  the  Imiiinous  p*rtion,  aiid  forms  earl*oii  dioxide;  more  oxygeu 
jwisses  <jnward  iiml  inward,  meets  the  hot  gjii^  fn>m  the  eeutnil  part  of 
the  flame,  and,  Iveing  insnffieient  in  amount  to  unite  with  bot!i  the 
hydr^igen  and  i-arlxm  e^pustituents,  e<unbines  by  reason  of  greuter  affin- 
ity with  tiie  hydrogen,  leaving  the  ^-ju^liou  frt^i^,  but  stj  mneh  rais4'd  in 
temperature*  that  it  heeomes  iueaufleseentj  thiLS  furnishing  light  during 
the  extremely  slight  interval  elapsing  in  its  passage  to  the  outermost 
]jortion  of  the  fl;iine,  where,  as  has  been  stated,  it  is  iixiJisciKl  to  earlKai 
tlioxide.  The  <nn\v  j*roeess  gt>es  uu  in  the  eombustiim  of  ilhimiuiiting 
gas  and  i>ils,  tiie  lnmin<>sity  of  the  flame  being  due  to  the  ineandeseciit 
particles  of  earlxm  in  the  bix^ikiug  up  cjf  the  hydromrbon  (:*om|K>imils 
into  their  elements.  A  mixture  of  gas  and  air,  8ueh  as  oeeurs  in  the 
Use  of  the  Bnnsen  bnrner;  gives  off  little  or  no  light,  sinee  ea*'h 
piirtiele  of  earhoii  is  |H*ovided  with  suflirient  oxygen  to  eon  vert  it  at 
onee  into  eiirlHin  dioxide,  and  so  hieundesi^enee  cannot  occur.  Tf  the 
!iir  supply  to  the  interior  of  the  flame  is  shut  ftfl",  luminosity  if?  pmdnceil 
at  onee. 

If  tile  area  of  the  outer  surtliee  of  an  ordinary  giis  flame  is  st»  small 
that  atmospherie  uxygeu  anniot  lie  taken  np  snttietently  fii-st  to  tuiite 
witli  all  the  eiirlnm  arriving  at  the  outer  part  of  the  flame,  the  uui^xi- 
dij^ed  cjirl>on  bwomes  eooletl  below  the  ignition  point  and  is  given  off  in 
the  form  of  smoke*  I)efeet>  in  the  burner  or  excessive  richness  in 
hydr<H\*irhons  may  rause  smoking  <lnnng  eonibnstion,  the  supply  of  nir 
Ik  ing  too  small  to  consume  the  ciirhtuK  The  intnKJuction  of  a  ctwil 
surtaee  into  the  lnminr>iis  [K>rtion  of  the  flame  causes  deposition  of  s(H)t 
thereon.  If  the  nreit  cd'  the  flame  is  made  too  large  by  turning  on  a 
largt*  volume  cif  giis  under  high  pn^ssure,  the  gas  is  jmijwted  so  lur  tliat 
it  comes  in  eontaet  with  snfheicnt  atmospheric  oxygt^n  to  burn  a  h*rge 
part  of  its  carbon  and  hyilrc^giai  simultaneously,  and,  as  a  result,  the 
excess  of  gas  is  consumeil  without  luminosity  and  wasted. 
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Q-as  Burners,— The  bt^^^t  of  tlie  Ijuriins  hi  most  common  uae  is  known 
as  the  intfH'irlng,  (nrm  the  j-^hape  of  tlit*  flame.  The  tip  is  heini:*pher- 
iwil,  utul  is  prnvidt^I  with  a  .'^iii^le  stmi^ht  slit,  through  which  thv  gn^ 
emerges  in  a  thin  Kat  shet  t,  Aiiothi:i%  krjowii  as  the  JiHli-taii^  contains 
in  its  tip  two  small  orifiees^  ihiiJii^h  w  hir!i  the  piR  issues  ami  then 
sprmds  out  into  a  flat  flame,  shajKHl  as  the  name  inditratiis.  Thi.s  burner 
is  inferior  to  the  bat's-win^^  in  that  its  flame  is  less  luminoLLs  with  the 
:same  amount  of  gas,  and  tlie  orifiee.s  aix*  much  more  eajiily  fouled  aod 
oeehidtHL 

The  Arf/ffud  burner  consists  of  a  hollow  ring»  j»rovided  with  a  cirrle 
of  smalt  holes  and  attaelied  by  hollow  anns,  through  which  the  gas  ig 
snpplieiJ,  to  a  scHjket  sc^rewwl  to  the  piiH\  The  gas^  issuing  from  the 
holes,  forms  a  eireular  flame,  whieh  is  itrovidnl  witli  an  abundant  air 
supply  whieh  passL*s  upwaixl  throngli  the  jK^rfoititions  of  the*  holder  for 
the  ehimneyj  which  is  an  e^ssential  jmrt  of  the  ap|>anitus,  and  thmugh 
the  ecntml  hole  of  the  burner  as  well.  The  elvimney  should  be  of 
]in>{H'r  ilianieter  and  height  to  insure  an  air  Mipply  adequate  for  com- 
plete eotnhustiijn  of  the  gas. 

The  Wrljihaeh  liurner^  whieh  may  be  taken  as  a  gtKrwl  repre»«icntative 
of  the  class  of  inc^udeseent  lamps,  consists  of  a  moditied  Bun  sen  burner, 
-over  which  is  suspended  a  mantle  eom|»osed  of  ineombustible  material^ 
whieh  heeoines  intensely  huninous  when  heated  in  the  Bunscn  flame, 
and  thus  transfnrms  non-luminuus  heat  energy  into  bnninous  light 
radiation.  The  nvantles  are  matle  iu  diflerent  ways,  of  different  niate- 
rialsj  and  are  exeeeilingly  fragile.  One  of  the  most  coumion  and  best  sorts? 
is  made  by  s^tturuting  a  delicate  network  of  cotton  in  a  strong  solution 
of  seveitd  twrthy  oxidts  {(vrium,  zircuuiurn,  lauthannni,  thiiriuni),  then 
baking,  and  flually  heating  it  until  the  cotton  filx^rs  are  destroyed,  thus 
IciLvi ng  a  gmize  composed  <rf  tl»e  oxides  alone.  No  single  airtli  is  eHi- 
cieut  hy  itself.  The  flame  and  mantle  are  protected  by  a  cylindnciU 
glass  cliininey,  which  serves  also  to  steady  tlie  ttanu*,  anti  the  whole  is 
cuelosc'd  comuHMdy  in  srnue  form  of  gh^bi*  ur  shade  to  nioility  the 
intensity  of  the  light.  By  providing  a  suitable  burner  to  insure  the 
requisite  degrn^  of  ht^at,  any  kind  of  eombustihle  pis  or  oil  vajK^r  may 
Yh'  usikK  Lamps  are  made  on  tlie  same  principh^  for  keroseue  burning. 
The  ineandcsc(iit  uiairtle  not  only  gives  out  nuich  more  light  than  an 
orrlinary  or  Argand  flame,  Init  iloes  so  at  a  much  smaller  expenditure 
of  gas. 

Objection  is  often  made  that  the  Welsbach  liglit  is  very  trj'ing  to 
the  eyes*  This  is  true  ;  but  the  same  filvjeetion  nuiy  be  urged  agtiinst 
the  sun  and  other  intensely  liright  ol»jwts  when  looked  at  directly. 
The  lights  should  \ye  so  [jlaeed  that  they  will  illuminate  thoj^e  |>art* 
where  light  is  newlcij ;  and  if  they  are  likely  to  trj*  the  eyes,  thoy 
-glif^nhl  be  enelosed  in  gloWs  designed  to  soften  the  glare  and  diffuse 
tlie  ravs  uniformly. 


VARIETIES  OF  fLLUMIXATINO  QA& 


440 


VarietieB  of  niuminatixig  Gas. 

Ooal-gaa  is  niadt'  by  hejiduij:  hitininiious  coal  in  fire-clay  retortSj  in 
%vlii(*h  }>rocess  the  eooi pounds  of  byilnigen  and  carbon  are  transtbrnied 
into  pLsetniH  aiul  other  prodnets.  The  gti.s  is  cuthI acted  by  pipes  to 
f*o  lid  en  serial  and  purilirrs,  where  it  is  f recti  from  uniuioida,  hydrogen  sul- 
phide, tarry  matters,  and  nther  iuipurities,  and  then  is  earrietl  to  storage 
tanks.  The  puritied  produet  euusists  of  about  50  parts  t)f  hydrogen,  35 
ot'  inarsli-^rits^  fj  or  7  of  earbon  monoxide,  and  the  remainder  of  ethylene 
and  other  Ijydrwarhoiis,  and  nitrogi^n* 

Water-gas  is  niaile  from  eoke  or  anthracite  coal,  stpara,  and  petrolenm, 
Tlie  coke  or  mal  is  phuxnl  in  an  air-tight  eylinder  lined  with  lire  elay, 
and  then  is  ignite^I  anil  lilown  np  to  a  white  heat  by  means  of  a  blast 
of  air.  The  air  is  then  stuit  otf  and  a  eurrent  of  st^iam  is  blown 
through.  This  is  deeomposetl  by  the  grwit  beat  into  hydrogen  and 
i^Kygen,  the  former  passing  on  uncond>ineii,  tind  the  latter  uniting  mth 
carbon  to  form  earbon  monoxide.  The  resulting  mixture  is  then  car- 
ricKl  to  11  gas-holder,  from  which  it  is  comhicttHl  t^)  the  ^*  carburetter,'* 
where  it  is  enriehcHl,  in  order  that,  when  l>urne<l,  it  shall  ]iroduce  a 
luminous  Hanie.  This  is  a  eliainiter  of  lire-briek  kept  at  reil  heat. 
Here,  vapt>rized  petroleum  is  injei^ted  with  the  htit  g:is  until  the  requis- 
ite percentage  of  enrbon  in  the  mixture  is  attained.  The  final  product 
hiis  nnicli  the  same  odor  as  eoal-gasj  but  is  of  %*ery  different  coniposi- 
tiitn,  and  nmeh  mon*  poisonous  in  character,  containing  about  30  per 
ecnt.  of  carl>on  nioiuKKide,  35  of  liydrogen,  20  of  mai^ih-gas,  and  the 
remainder  of  ethylene  and  nitrogen.  A\^ater-gas  may  also  be  made  by 
pi nn ping  crude  petroleum  in  a  small  stream  into  a  nxl-hot  gas  retot*t, 
wlicre  it  is  couvertwl  at  (tUL-c  int^»  vapor,  whieli,  with  a  cnrreut  of 
superheatixl  steam,  is  then  driven  through  a  long  coil  of  pijje  heated  to 
a  high  temperature.  The  ehemiml  reaction  is  the  same,  the  carbom 
uuiting  with  the  rixygen  of  the  steam  to  form  carbon  monoxide,  leaving 
tlie  hydrogen  fre<^. 

Tlie  puisoue>us  pru[>erties  of  both  coal-gas  and  water-gas  are  due 
sttlely  to  the  ccjutiiined  t^rbou  monoxide,  which,  as  shown  originally  by 
Claude  Bernanl,  makes  a  definite  com|>ound  with  the  oxygen  carrier 
of  the  blood,  the  haHnoglobin,  which  then  l)ecc»mes  incaimble  of  per- 
forming  its  function.  This  Ix'ing  the  case,  the  vastly  greater  danger 
attending  the  use*  of  wsiter-gjis  is  self-j^vidc^nt.  The  odor  of  the  two 
gasi's  ts  pmctically  the  same  in  kind,  l)Ut  not  in  degre*]!,  so,  in  order  to 
have  the  same  value  as  a  warning  of  danger  from  leaks,  that  of  water- 
gas  should  be  much  more  pronounced,  since  so  much  It^ss  of  the  gas  is 
refjuirnl  to  bring  the  air  into  a  ]w»isonons  condition. 

Usually  about  0.4  \m-v  cent,  of  earbfui  niouoxide  in  thejijr  is  refpiJred 
tf»  produce  fatal  residts,  but  less  may  Ix^  fatal  after  long  exposure.  In 
recovery  from  poisoning,  the  carl>on  monoxide  is  not  oxidized  in  the 
b<xly,  but  is  driven  out  of  its  combination  by  the  oxygen  of  the  in- 
spired air  ;  lint  although  after  a  few  hirnrs  the  blood  may  nearly  be  freed 
from  the  j>oisoa,  the  damage  ali'eady  done  to  the  brain  and  other  tissues 
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through  the  temporary  pirtial  deprivation  of  oxyg^^n  may  be  severe  and 
lasting.  Recovery  is  aecympaniitl  (H»mtiii>tily  by  severe  headacbi^ 
persisting  for  a  long  tirne»  often  vvitU  nausci*  and  vomiting^. 

The  iiKTeas4*cl  liitngtT  of  ^js-pjiyoning  when  coal-gas  is  supplatit<^ 
by  water-gtis  with  its  high  earbon  moniKvido  ctaitent  is  well  ^howo  |jy 
the  statistics  Ijt^aring  on  the  Kuljjeet  sit  Kostiin,  MasKachusetti?,  In 
1888,  when  bnt  1  per  ciMit,  of  the  gaj?  8ohl  \v*as  water-gas,  there  werv 
no  deiiths,  suicidal  or  aeeidcntal,  from  gas-poisoning.  In  the  following 
year,  there  was  but  1.  In  181)0j  the  }>f^reeutnge  of  Avater-gus  mse  to 
8,  and  there  were  *>  deatlis,  4  accidental  and  2  snieidal.  In  1892,  as 
a  result  of  permissive  legislation,  *")2  per  eent.  of  the  gas  sold  was 
water-gas,  and  the  deaths  rose  to  15.  In  1897,  the  percentage  rose 
to  9*3,  and  the  deiiths  to  47,  32  of  whieh  were  aeridcjital  and  15 
suicidal.  In  the  live  years  endtd  September  1,  1  Still,  1G9  deaths  had 
oceurredp 

On  account  of  tlie  danger,  a  commission  appointed  in  England  in 
1899,  reported  adversely  on  all  illuminating  p!ki^  containing  nif»re  tluin 
20  i>er  cent,  of  c^arlKUi  monoxide,  whieh  pn>]Kirtion  eorres}M>nds  approxi- 
nutti'ly  to  a  mixtm^e  of  equal  vi»hinies  of  e(»al-gas  ami  water-gas. 

Acetylene  gas,  C.H^,  is  an  unstable  (*oiup(nnid  of  carbon  and  liydro- 
gen.  It  has  a  strongj  disagrt^t^able  odor.  Mixed  with  air  in  the  pro- 
poition  of  1  to  19,  it  is  violently  explosive.  It  is?  puisonous,  but  not 
to  the  siime  extent  as  ordinary  coal-gas  j  an  animal  expised  to  an 
atmosphere  eontaiuiug  it  l»ecorues  uneouscious  after  a  tin*e,  with  no 
manifestations  of  nervous  or  respiratory  excitement,  and,  if  removetl 
at  4mce,  recovers  in  a  very  short  time.  Prolonged  exjKjsuit?  is  fatal 
Bloml  will  absorb  about  0.8  per  cent,  of  its  volume  of  acetylene,  hnt 
the  soIuttr*n  gives  no  eliaraeteristie  sptx'trnFenpic  appearance.  If  any 
compound  is  forme<l  with  haemoglobin,  it  must  1h^  very  uustal>le.  If  a 
high  percentage  of  oxygen  be  present,  animals  may  survive  its  action 
many  hcmrs. 

Acetylene  is  made  from  wileium  carbide,  a  raid isli -brown  or  gray 
mat<-Tial  prei>iire<l  by  subjecting  a  mixture  of  lime  and  eoke  to  very 
intense  heat.  When  this  substance  is  wet  with  water,  a  double  decom- 
position occurs,  the  ctilcium  uniting  with  the  oxygen  of  the  water  to 
form  quicklime,  and  the  etii'brai  with  th(^  bydr**gen  to  form  acetylene, 
lietween  four  and  five  eubie^  feet  uf  tlie  gtis  an^  yielded  by  a  ptiund  of 
th*^  nrlinary  ennuuereial  earl>idf\ 

Burned  in  ordinary  gas-buimers,  tlie  flame  canntrt  swure  a  sufficient 
supply  of  oxygen  for  the  complete  eombusti<>n  of  the  carlmn,  and  in 
ct»nsct|uence  it  smokes  and  fails  b«  exert  its  t*ull  power  of  illnmitiatiiui. 
By  using  a  tip  with  an  exeefHlingly  thin  slit,  anil  foreing  ibe  gas 
through  under  heavy  pressure,  the  Hanie  is  greatly  enlargtHl  and  is  of 
great  brilliancy.  Its  illuminating  power  is  alnait  15  times  greater  than 
that  of  ordinary  gas. 

Acetylene  is  liquefied  i^t  a  tem|ieratur4'  of  ()4^  F.  by  a  pressure  of 
1,200  pounds  to  the  square  inch,  and  may  be  stiiivd  iu  cylinders  of 
steel.     Apparatus  for  its  use  should  m»t  Ix^  nmde  of  efipper  or  silver. 
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since  these  metuLs  iiif  attiioki'*!  by  it,  and  tlic  re.sultiiig  comptmnd!?  are 
very  explosive, 

lu  siinie  M[)]mratiise.s  in  use,  the  water  i.s  dn>|jpeil  on  k>  the  airbide 
by  tin  autoJiKitie  arrangement,  so  that  the  yield  (»f  gas  is  reguhited^ 
but  the  ga.s  eontinues  to  Im.'  evolvwl  after  the  water-supply  is  shnt  off, 
since  th<-  moistened  air  bide  umnot  Ix"  preventi'd  from  undergoing 
dec(»m[K»sitioiL  In  othei"Sj  the  eiirliide  is  intrt>duettl  into  10  tiniL^s  its 
volume  of  water  in  a  vessel  eouneeted  with  a  gas-In »lder  of  snffieienL 
eapaeity. 

Whether  acetylene  is  likely  to  liave  a  great  held  in  the  future, 
cannot  in  the  prest*nt  state  «>f  development  be  predicttil,  but  many 
cbangi^s  and  imiirovrnnnits  are  necx'ssarv  bi-fure  it  can  be  lookt^l  njM»n 
a-  baving  any  great  pniciirjd  vahie. 

Gasolene  gas  i.s  a  mixture  of  gasolene  vapnr  and  air,  the  fuuetiou  of 
the  latter  l>eing  tu  dilute  the  former  nntii  tin*  pr^iportion  tA^  (*arbon  in 
the  nuxtnre  is  e<piivalent  to  that  in  eimuuon  gas.  ( rasuleiit^  is  a  mixt- 
ure of  light  hydro<'arbnns,  a  jimdnrt  of  tbe  ilistillation  t»f  crude  petro- 
JeuuL  Its  s|R'cifie  gnivity  nuiges  frum  ()J>2S*  to  UJJtu,  It  volatilizes 
slowly  at  low  teJU|Jt.'ratnres  and  rapidly  at  70^  F.  an*l  al»ove.  It  h 
excee<  I  i  1  igl  y  i  n  H  am  m  able. 

(.Tasoh-ne  gas  is  genemtt^l  and  tMrcMl  tbrfiugli  supply  pijK-s  to  the 
burners  by  s[)eeial  forms  lA'  ap|>anitns  wbirli  rc^piire  but  little  atteu- 
ti*nL  It  is  well  suitt^l  to  single  Innises  and  small  groups  of  houses 
where  nr>  ]ju!ilic  supply  exists. 

Impurities  Given  off  in  Lighting. — In  the  eonibustimi  of  illurai- 
uauts  of  all  kind^,  f*oiisid(*nd>ie  ainnauts  of  decrnnpl^sitiou  pnxhiets 
are  given  ot!'  to  the  air,  and  their  removal  by  rjieans  i>f  eflicient  venti- 
hition  is  imjxirtant.  These  products  are  hiist  in  ann>unt  and  impor- 
timce  in  lighting  witb  candles  and  oil  lamps,  l>eing  rbierty  carbon 
dioxide  and  wattTV  vapor.  T!ie  inniurities  givrn  fitf  in  the  cuudjus- 
tinu  of  gjises  inelnth'  sul[>bur  dioxide,  vi-rv  variable  iu  amount  accord- 
ing to  tiie  extent  of  puritiaitiun ;  carbon  nMUiuxidc,  also  variable 
atronling  to  the  r<im]>leteues!«i  of  combustion  ;  carbon  dioxide;  animo- 
iiinm  compounds,  and  afpn^ous  vapor. 

Gas  Pipes.— St ri»<'t  mains  are  (*ommoidy  made  of  tm^t-irou  pi|M's  of 
rather  light  weight,  wbi(»h  vary  mni^li  in  texture  ami  densitVj  and  not 
infrequently  are  i>edorateil  with  blow-hc»les  of  varying  diameter  or 
otherwise  ilefective.  On  aceouut  of  the  dangers  of  extensive  leakage 
an<l  td"  the  Huancfal  loss  due  to  wastr  f>f  gas  and  the  cost  of  making 
repairs,  all  inpo  should  b<*  tistrd  thorougbly  b<'fore  Inmig  lai<l.  Pi|>es 
which  show  no  lenks  when  new  may  soon  be  corroded  in  t!ie  sni!  at 
jKiints  whei-e  bubbles  occur  in  tbe  walls  "witb  lint  a  thin  layer  of  metal 
nn  cither  side.  Wrougbt-iron  pi{K's  are  t'orrotlKl  nn»re  qnit^kly  in  the 
soil,  but  are  morr  uniform  iu  ih^nsity  and  texture  than  cast-iron  and 
rc<piin"  fewer  joints  in  a  given  distance.  Both  kinds  shonld  In*  pnn 
teetcil  by  a  generous  coating  i*f  aspbahnm  t^r  other  snitable  matL*riah 

Hmiso  pi|>es  are  most  commfvuly  of  wrought  iron,  though  sometimes 
softer  materials  are  cmidoyciL     The  latter  are  aiore  exjR'nsive,  and 
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iw»8^es8  the  iidditii)iial  disadvaiiiuige  fif  Ixnii/j;  easily  ijuiictm-ed  hy 
iijiiln  and  gnawrd  Uy  rut>  uiul  niiw.  Tlie  entire  s\>itein  «»f  distrihut- 
ing  pi[)es  .slmidij  Jie  jiKiied  rinKst  eiirefully,  in  onler  that  do  leiiks  shall 
occur.  When  they  do  occur,  the  .search  for  tlieir  hicatioii  should  lie 
conducted  with  all  pjHsihU^  iircaiutitms  agiiinjst  rink  of  explosions^, 
^iiIlee  mixture??  of  ^jtis  nud  air  in  the  in'njtortiyn  of  iiboiit  8  jx-r  c<^*nt.  of 
tht'  former  arc  violctitly  ex|ilo??ive  if  hronght  in  contact  witli  a  flaaic. 
The  gay  should  he  jihnt  off  at  the  meter,  and  the  aixirtinents  where 
t!xc  smell  is  [XTceive<l  should  k*  airetl  thorouglily.  The  examination 
.should  then  l)e  hegnn  at  tlie  meter  and  its  mnnei-tionsj  and  if  dcftx^ts 
arc  there  found,  the  meter,  if  at  fanh^  shoidd  he  ivmoved,  or  the  «'on- 
neetions  put  in  proj>cr  condition  with  nesv  washers.  The  tLxturfS 
j^hould  uext  receive  attention,  everj'  joint  and  cofk  being  testeil,  the 
gU8  being  turnixl  on  again  at  the  meter.  Smearing  the  joints  with 
.some  vis(*iil  material,  such  as  strong  scnipsnds,  will  siiow  snud!  h^iiks 
by  fnrniation  of  bubbles.  The  examination  of  the  joints  of  the  dis* 
trihnting  pij>es  is  a  matter  of  considcral>le  ditHculty,  and  may  inquire 
mtieh  disturbance  of  structural  parts. 

Fixtures  shouki  Ix*  so  hn-^itcd  as  to  avoid  hot-air  currents  fnjni  reg- 
isters in  the  floor  and  walls,  on  ac(*fnmt  of  the  gn^at  ann4iyancc  eaustHl 
Ijy  rtickcring  of  tht*  Hanit.  Flickering  is  eiiusiHl  als*>  by  the  presence 
tif  condensed  nmistui^'  in  sags  in  tlie  pi|x's  and  bends  in  the  fixtui^s, 
which  i^iuscs  tlie  g-as  to  issue  in  a  series  of  bnbljles  with  eonseqneut  un- 
steadiness of  the  flame.  The  remedy  consists  in  interjx>sing  drip  cujis 
und  dniiniug  nfl:'  the  water. 

The  pr(»pcr  arningement  of  fixtures  is  frequently  a  difficult  pn»blem, 
particularly  in  large  rooms.  In  genend,  it  may  he  said  that  they 
sh^iuld  be  well  distril>ntc<I  mther  than  elustcrtil  in  central  chandeliers. 
Fairly  umfonn  (IJffusiiUi  may  he  secured  by  thr  usi*  (tf  glt»bt^  (>f  pris- 
matic glass,  whit^h  art  in  the  same  way  as  the  ribl>etl  and  prismatic 
window  glass  dcserilxid  above. 

Electric  Lighting.— Incandescent  elwtric  lighting  ]>ossesses  cer-- 
tain  notable  advantages  over  all  utlicr  systems  of  ai-tifirial  illumina- 
tiou.  It  requires  no  oxygen  and  prnduccs  no  dcrf»mp<).sitiou  com- 
pounds, and  iK-nee  in  no  way  alters  the  composition  of  the  air.  It 
imi>arts  but  little  heat  to  the  surrcmuding  air,  and  ht^nee  has  but  a 
limited  influence  in  causing  eonvectiou  cnn-ents  and  raiising  room 
tempc^mture^ 

Section  4.     FLITMBING. 

Whether  we  view  the  subject  from  the  stand j>oint  of  possible  danger 
of  inft^tion  through  inhalation  of  sewer  air  or  from  that  of  ^sthetics^ 
we  should  recognize  the  great  im[»ortancc  of  the  removal  t»f  all  sewer 
^vastes  from  the  lial>itation  through  a  system  of  ]»lund>ing  that  is  so 
piTfixit  that  it  shall  leak  neither  li^juid  nor  solid  matters,  nor  foul  air 
and  smells.  For  thr  attainment  <»f  the  best  results,  all  large  commu- 
nities  adopt  phnnhing  ordinant'cs  ilcsigucd  Ur  prevent  taulty  construc- 
tion and  the  admission  of  the  dreaileil  ^Vscwer  gas,'-  which,  to  the  lay 
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mind,  and  ven'  generally  h»  the  pmiVssional  mind  as  well,  is  a  most 


fMitent  niut<c;  of  d 


neru 


While  the  weight  of  evideiie<?  is  agiiinst  the 


ar'fr|itanee  of  tlie  (hx'iriiie  uf  the  tniiismissitni  of  ilisease  through  thiH 
a^amey,  it  nmst  In*  eiriietiled  that  fiml  iHh»r>,  }>esides  heiaijf  disagree- 
able, exert  on  thi^  sensitive  individual  a  tlrri^liHlly  iojiirious  aetioo 
throngh  the  iniaginatittn,  and,  more  jiartieuhirly,  tlirongb  their  eileets 
UD  the  apjx'tite  and  digestion.  M«>st  of  the  ibnl  smells  coming  from 
hi  ml  ling  fixtures  are  nc^t  from  the  sewer  at 


1' 


id  henee  mav  not 


|>rnperly  he  eidlwl  sewer  g*is  or  sewer  air  ;  they  are  due  Uv  deeomnosing 
r»rgnnie  matters  within  the  |»ijK*s  or  traps,  or  in  some  other  pirt  tjf  tht* 
fixture,  whieh,  witli  ordinary  u>e,  *loes  not  l>eeome  thoroughly  eleanstMj. 
Thusj  it  is  often  found  that  tlie  odor  fn>m  a  wash-l>asin  is  due  to 
d(^(*nmj>osing  soapy  matters  ami  other  ileposits  in  the  horn  h'ading 
J'rom  the  overflow  holes,  hut  it  is  ditfieult  to  eonvinee  the  timitl  that 
such  is  the  fact,  ejtcept  by  ocular  and  other  demonstration. 

The  most  jx-rfeet  system  of  plumbing  needs  carei'ul  sujx'iTision,  for 
no  pijM.^  or  other  pirt  sul>jeet<.Hi  to  frequent  contact  witli  filthy  matters 
n\n  1h'  kept  jxnTOanently  elean  unassisted  ;  and  any  sueh  surface  not 
cut  4>ff  fnan  contact  with  the  free  air  of  the  room  must  inevitably^ 
under  certain  conditions,  give  rise  to  a  certaui  amount  of  nuisance* 
TJic  n^lucticm  of  then"  possibilities  Y\\v  nuisance  to  the  lowest  limits  is 
one  of  the  main  objects  of  tin*  many  ingenious  ]>lnmbing  apjjiiauees  of 
one  kind  and  another  that  tire  almc»st  daily  incrc»asing  in  number  and 
variety, 

Bniadly  speaking,  plumbing  may  Ix*  divide<l  into  two  classes  :  good 
phindang  and  bad  plumbing.  Tlu*  former  er>sts  more  in  the  Ixgiu- 
M\n^^\  the  latter,  in  the  end  ;  the  ibriuer  is  installwl  by  the  caiKdilc  and 
honest  plumIxT ;  the  latter,  by  the  trickster  wlm  lias  given  his  calling 
such  a  bjid  name  that  he  finds  it  more  to  his  liking  to  hide  In^hind  the 
nmre  pretentions  title  of  "  Ninitary  phimljing  engincci'/' just  as  some 
barlnjrs  lKV<*me  '*  tonsorial  artists.'' 

The  iM'ttcr  class  of  plumbers,  in  undertaking  the  installatiou  of  a 
system  (if  jihimbing,  attempt  to  attain  such  a  degree  of  perfection  that 
repairs  are  only  ficcasionally  neeessiiry  ;  the  other  class,  either  inten- 
tionally or  iK^faitse  of  inabiJity  to  d^v  good  work,  prixhice  a  system 
rctpiiring  (constant  i\'f>air-;  and  eonsequent  ex|H^nditure,  This  class 
of  workmen  also  aix^  cpiiek  to  take  every  advantage  of  hnisely  dniwn 
or  ambiguous  six'cifieations,  whereby  the  owner  suffers  eventually  more 
than  the  original  financial  injustice.  Rut  the  responsilulity  fc*r  [>oor 
plmnljing  is  not  by  any  means  always  to  be  phui^l  upon  the  phnnber, 
for  an  owner  unvvilling  U\  piy  the  price  of  goml  work  can  hardly 
blame  tlie  plumlx^r  for  nn willingness  to  provide  labor  and  first-elass 
material  at  less  than  cost,  and  so  gets  cheap  material  and  cheap  work- 
manship in  return  for  his  inadfH|nate  appropriation, 

A  good  system  of  j>hunbing  calls  for  sound  materials,  absolutely 
tight  joints,  thorough  ventilation,  and  a  plentitul  water  supply  to  in- 
sure thorrmgh  flushing  without  wastefnlness.  If  should  1;h^  so  planned 
that  the  various  fixtures  on  i^ch  fl^wir  shall  be  in  relatively  the  same 
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locutions,  thus  avoifliiig  utinect*.ssan^  ami  rxfK^nsive  extensions  uf 
nm\  sii[»piy  piJK^'*.  The  wastes  slioul<!  l>e  isisily  m^cessible,  ami  are  be^ 
run  ill  full  vtew,  m  that  any  leakage  may  l>e  deti'ct*.'*!  at  oui^^.  W 
hi*hleii  from  view,  leaks  may  exist  undetec^ted  until  much  da 
resiilte<.L  Open  jilnnihing,  fiirtheniun'e,  insures  gt*od  workman! 
and  makes  re[>airs  sini|)kn*  aud  uiueh  h-ss  exj»ensive.  The  |)ip(>  (ttfJ 
not  W  11  di.-^ti^urement  to  a  room,  fur  thi'V  may  lr>e  neatly  jiaintnl  iff 
bron/c^l,  and  will  then  have  no  worse  apjiea ranee  than  tha^  luntl  ia; 
steam  hesiting.  If  they  must  l)e  plaet^tl  in  reeoAses  or  withiu  ^I 
they  may  l>e  eoncealiHl  hy  Ixianls  or  jxiueb  fastened  by  screii's, 
ciu^ily  removal)le» 

The  im]M>rtant   fixtures,  sneh  as  hathtuhs  nnd  water-f'hiset^,  s^bi 
he  ]ThietH!  where  veutilaticui  ean  I>e  secured  and  where  tk»|)endetici*  upi 
artilieial   light  is   nut  altugetlier   neeessary.     The  ideal   phi«*t*  is  iii 
outer  rnuiii  with  a  wimh>w  through  whieh  die  >{m's  rays  and  frt$h  u 
<hMjr  air  may  enter. 

The  Soil-pipe  and  Main  Drain. — ^The  suil-pipe  receives  at  van 
jKjint>,  through   tlie  several   wsiste-piiK's,  tht^  t-untents   of  wash-bowl 
^iuks,  Itatlituhs,  urinnls,  water-elusets,  nnd  other  fixtures,  and  i*<iiKlii 
them  to  the  drain,  l*y  whieh  they  are  earriinl  on  tu  tlie  sewer  or 
jKMil,  a,s  the  ease  may  l>e.     In  this  eonntry,  the  unit*'rial  almost  uiiiv 
^lly  used  fur  soil-pipe  is  east  ir*ni  ;  hut  in  England  l«ul  h  ]>rcfi' 
The   adviuitagfs   of   iron  o%Tr   lead   are   many  ;    it    is   lighler,  stifff 
.Nironger^  (4ira|;M'r,  and   more  duniMe,  and  is  nt»t  suhjei't  to  acvidr'ni 
ped'uratiou   hy  tlriveu   nails   and  gnawing  nits.      I^*ad   pijK*  of  lai 
<Iiameter  sags  hy  reason  of  its  weight*  ami  it   is  diilieult  to  ntiirv 
*!trongly  wherever  its  height  is  Iwrne  hy  the  fiistetiings.     It  is  V( 
easily  eornKltHl,  d»  iitrd,  Hatten^h  antl   pc-rforated. 

Cast-iron  soil-pipr  is  UKide  in  two  gnidrs  ;  light,  or  "  standanl,"  «i 
**  extra  heJivy.''     Only  the  la  Iter  shoidd  he  eiu|»loyiHl,  the  former  Ivinp 
mueh  tou  thin  and  flimsy.     The  walls  of  the  extm  heavy  grade  sh< 
not  he  less  than  an  eighth  of  an  ineh  in  thiekness.     The  pi|>e  is  n 
in  length>  of  five  feet,  exeliisive  of  the  soeket,  or  huli,  whieh  i; 
<^nhirgement  of  one  end  for  the  rtH:^e]ttion  of  the  spigot  end  of  the  ii**xt 
length,  sr>  that  no  irregularities  shall   i)f'  etia'iCHl  in  tin*  ealilier  of  tf 
pi|K'  where  jotuts  nreiir,  but,  on  tlie  ei>ntraiy,  that  the  iinier  suHbee 
be  ilnsh  throughout.     Eueh  leiigtli  shraild  Ik»  «»f  uniform  wall  thtrk»< 
throughout  and   fre<'  from   flsiws,  sand   Imles,  and  f>ther  im|H^rfti'ti« 
and  should  be  subjected  to  stn^ugth  te,«ts  at  the  phiee  of  nurnuftrta 
The  inner  snrfaw  ^'honld  be  perfectly  smooth. 

In  joining  the  lengtlis  together,  the  spig<»t  end  4>t   *nu-  *>  iusertal  ^ 
stniiglit  as  I  loss  i  hie  into  the  huh  of  the  next,  and  a  gasket  of  nakiiru  i 
inserter!   into  the   intervening  spnre  hy  means  »»f  a  ennlkiny:  to«tK  an 
rammed  hanl  so  as  to  till  about  half  tlie  dcjith  of  the  hnlK    Tht"  <>l>jt' 
of  the  gasket  is  to  prevent  the  entrance  to  the  hore  of  the  pijw^  of  ^l_ 
<*f  the  molten  lead  irseil  in  the  next  jiroeess.     The  next  .^tep  is  tl*e 
filling  of  the   rest  of  tlie  spiiee  witlt  molten   lead  from  a  latlle.     i>iiMV 
this  metal  shrinks  t»u  e*H4ing,  and  since  moisture  and  dirt  prevent  it:^ 
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adherence  to  i\w  iron*  it  is  neoessary  \w\i  to  expand  it  and  drive  it 
df>wu  by  mechanical  mean.s.  This  prt»cefs,s  iih] aires  care  and  involves 
much  risk  *if  I'racturCj  sinci^  the  blows  of"  the  cjinlking  tools  umst  be 
ijnite  heavy  j  in  fact,  nmcli  heavier  than  the  lighter  i^ra^lc  of  pi[K'  can 
\\  ithstnnd.  A^iin.st  tins  form  of  pi|»e  and  its  juintin|i^,  certain  objec- 
tions are  nrjijeil,  not  the  least  of  which  is  the  opportunity  given  for 
botch- work  and  fraud.  Instances  of  filling  the  spacje  with  moi-tiir, 
5a ml,  pntty,  and  other  material  have  lx»«*n  not  un common.  Some 
unscruj)nhjys  phimhers  ghiss  nvw  the  fraud  with  a  thin  layer  of  l«id  ; 
some  make  the  joint  properly  and  neglect  to  caulk  it;  ^iome  make  ai4 
[x^rfect  a  joint  as  pussible  in  places  where  ocular  ins|X!ctiim  is  ensy  and 
probable,  and  omit  to  audk,  or  even  to  insert  the  oakum,  where  the 
joints  are  hidden,  but  without  forgetting  to  make   thf  usual  charge. 

Another  objection  to  this  I'orm  of  joint  is  tlie  jmssiliility  of  its  Ikv 
eoraitig  loose  tlirough  ahcrnatc  expansion  ami  c(»ntraetioii  due  to  t^hanges 
in  teni|>cniture.  The  expansion  is  une(|ual,  es|Kieialiy  when  due  to  hot 
water  in  the  pipe,  and  the  sj>igi>t  expands  more  than  its  surnuinding 
socket  and  eompresscs  the  interpusc<l  lead,  which,  when  tHpiihIjrium 
IxH-innes  reestaljlislied,  d<K>>  not  resume  its  original  shape,  but  remains 
in  its  new  form.  In  this  way,  it  is  possible,  but  not  very  prf»ljable,  that 
a  minute  space  may  1r'  cre^itt^l  all  about  the  spigfit,  and  that  through 
this  sjiciee,  leakage  of  liijuid,  Init  more  cs|>tK*ially  of  air,  may  oemr.  In 
an  upright  jnpe,  leakage  of  liipiid  is  most  unlikely  to  occur,  sint^e  the 
hub  end  of  mch  jr»int  is  npjiermttst. 

Still  another  objei^tion  is  the  great  dilficulty  encountered  in  unjoint- 
ing,  wlien,  for  any  reason,  it  is  necessary  to  remr»ve  a  length  i>f  pip^  in 
nniking  repairs  and  alterations.  The  usual  and  easiest  course  to  pursue 
in  such  a  ease  is  t(>  break  the  pipe  and  rc^move  it  in  pieces. 

To  meet  the  sev^eral  objections  to  this  form  of  pi]>e,  the  Sanitas 
flanged  pijie  was  devised  by  Mr.  J,  I*ickering  Puttiam^  of  Boston. 
This  makes  a  joint  whicli  is  deseriljcd  aB  an  adjustable  flangetl  joint 
with  lead  washers  or  gjiskets  for  pa(^king.  The  gaskets,  which  are 
star-shapefl  in  cross-section,  are  scjueezcil  between  tlic  flanges  of  t tic  two 
4iiljoining  ])i[>es  and  erusheil  t^j  half  their  original  tlii*'kness  by  son^^v- 
iug  up  the  holts  set  in  square  recesses  in  the  flange  ears.  These  are 
scr^wtnl  simultaneonslVj  S4i  that  the  pressure  fin  either  side  is  equalized 
an<l  the  gasket  is  compressed  uniformly.  The  gasket  for  a  four-inch 
pi|)c  weighs  a  half  pound.  For  this  jtiint,  are  chiimed  cheiipness  and 
security.  The  time  requirwl  to  make  it  is  re<*kon(»il  in  seconds  as 
against  minutes,  tlie  amount  of  lead  consunnxl  is  much  less,  and  the 
unjoiuting  is  simjile  and  invi»1ves  no  breakage. 

The  <lia meter  of  a  soil  pijn*  should  ordinarily  not  exceed  four  inches, 
but  in  very  large*  buildings,  in  which  arc  numerous  water-chjsets  and 
other  fixtures,  fivt^inch  pi|ie  is  sometimes  usetb 

Soil  [)ipes  shoiihl  run  as  nearly  vert iea fly  and  %vith  as  few  deviations 
from  a  straight  line  as  practicable.  When  these  arc  n(*cessan%  right- 
angh*<l  l>entls,  sueli  as  are  shown  in  Fig,  47,  should  Ik*  avoided,  and 
instead  thereof,  obtuse-angletl  ell)f)ws,  as   in    Fig.  48,  should  be  em* 
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ploxvih     WlicTr  wastf^-pij^es  and  limiielies  roiintvt,  the  junotiong  ^^should 
be  amdi'  with  Y-brant-lies   ami    nut   at    rigljt    angles,     (See   Fig,    4U,) 


FiQ.  48. 


Fig,  47, 


Improper  bends  In  soil-pipe. 


Proper  bendu  In  aoil-pipe* 


V^branch  (o soil-pipe. 


Fio,  »m 


These  jiinctioiLs  are  made  differt^ntly  when  a  lead  pipe  is  to  be  eon- 
neeietl  with  an  irnn  one.  The  kwl  jn|jo  is  first  "  wipe*]  *'  on  to  a 
bmss  ferrult^  Uy  meauH  of  i^oltler,  and  then  tlie  ternile  i.s  caulked  into 

the  LiUl  \X\th  tlu*  Hangeil  Sanitas  pi}x\  t 
connection  is  obtained  more  easily  an<t' 
cheaply  ;  here  the  lead  j>i]»e  is  flanged  out 
and  b^tlted  in  tlie  iron  by  nii^uis  of  e^st-iron 
rings  with  tars  and  bolt-!ii>lcs  corrospondiog 
to  those  on  the  pi[M'. 

Each  j^oi!-|ii])e  should  lie  extended  in  full 
si»e  tlirongh  the  rniif  fur  abtiut  two  feet,  and 
its  outlet  shoo  111  not  l)c  t^bstnicted  by  a  cap 
or  et>wl,  as  is  cotninonly  done.  The  cap 
serves  no  useful  jrtir|K>^,  an<I  the  ptissacye 
for  air  is  so  narrow  that,  in  winter,  when  the 
warni»  moist  air  as(*i  nds,  a  coating  of  fro^t  is 
furmwl  all  over  the  inner  surtat^  of  the  ex- 
posed pifK%  and  this  may  gn»w  in  thjekne*?^^ 
so  as  to  <xx*lude  the  outlet  completely,  as  is 
shown  at  A  in  Fig.  ♦50.  In  all  ca^es,  one 
should  make  pnnision  for  the  expansion  and 
cootractiun  uf  (lie  column  of  metal,  for  while 
the  movement  either  way  is  .slight»  its  force  is 
very  great ;  therefore,  the  fastenings  shouhl 
not  he  t*io  rigid,  Ijut  shoidd  allow  a  little  play. 
The  soil-pipe  should  be  very  firudy  yuijported  at  the  lK>ttom,  and 
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it<  junotion  witli  tht^  main  ilmin  should  he  made  with  a  benil  of  as 
large  a  nwUu8  as  jMKs>ihlf.  Tho  best  sii|iport  is  eithtT  a  brick  j*ier 
or  a  \vo<xleD  [Hjst,  nr  other  firm  and  unvit:lding  striictarc.  The  eon- 
iie*'tioii  shtiuld  under  no  eireum.stanees  ho  at  a  rijj;bt  antjle,  but  with 
an  elbow  bend  supporter  1  on  a  toot,  as  in  Fig.  5L  li'  tlie  juive  uiust 
l>e  earrieil  ulonir  a  wllar  wall,  it  should  be  supported  either  by  a  slielt" 
or  by  wrought-irtui  pijK'-bouks. 

From  the  iHiiiit  where  the  .soil-pipe  departs  from  the  ijerjieodirular 
and  tends  toward  the  sewer  or  e^^ssjKMil^  it  is  commonly  knt^wn  as  tlw* 
draiUj  wht^ther  other  soil-pipes  enter  it  or  not.  The  drain  slionUl  ecui- 
sist  of  iron  as  far  as  a  (xiint  well  away  from  the  foundation  of  the 
house  and  from  all  danger  of  fracture  ilue  to  settling.  Under  no  cir- 
eumstanees  should  an  i'artbeuw*are  dmin-pipe  lx»  employed  within  the 
hou.se  or  lieneath  the  foundiition,  or  through  a  soil  in  whreh  a  well  of 
drinking-water  is  situated.  The  main  drain  may  be  carrieil  along  the 
wall  of  the  cellar  in  the  manner  above  desert l>etl,  or  it  may  be  susjjeiidHl 
by  wronght-iron  hangers  from  the  jr>ists  of  the  floor  of  the  first  story  ; 


Ro.  6L 


Fig.  52. 


Elbow  bend  and  iU|iport. 


Interccpttntr  trap.    (Eunniog  trap.) 


or,  if  there  are  water-closet8  or  other  fixtures  in  the  cellar,  it  may  ma 
below  the  flo<ir.      In  the  latter  case,  it  should  l>e  easily  aecessible* 

The  drain  should  have  all  the  fall  that  mm  e<*nveuiently  be  given^ 
and  this  sluuihl  1h'  as  nearly  uniform  as  possible  throughont  its  length. 
No  part  of  it  should  run  flat  or  siig.  The  greater  the  pitch,  the  more 
comjdetely  the  pipe  is  s<»oured  out  by  each  fjassage  of  neater.  It  8hould 
have  a  fall  of  at  least  a  ijuarter  of  an  ineli  to  the  fotit,  or,  preferably^ 
nu>re. 

Betore  the  dmiu  j^assi's  Wneath  the  f*>undatioii  wall,  or,  if  this  i.< 
irajKiSsihle,  at  a  point  outside  in  a  manhole,  an  intereepting  trap  is 
placed,  prf>vide<l  with  clean-out  holes  eovere<l  with  air-tight  cinverK. 
This  trap,  know^n  sometimes  as  the  nmning  trap  and  main  tnip,  is  uf 
the  same  <liameter  throughout  as  the  drain  itself.  Tins  kind  of  trap 
is  manufactured  in  an  immen.^e  %*ariety  <if  fitrms,  one  of  the  best  of 
which  is  shown  in  Fig.  52.  This  has  an  inlet  and  an  outlet  for  sew^- 
age,  an  inlet  for  fresh  air,  and  a  clean -out  and  inspection  hole  on  the 
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Prefcrnble  arran^mcnt  of  intcreeptlng;  Imp  and  ventilattug  pipe. 

b  for  the  fresh-air  inlet.     The  latter  is  for  the  purpose  of  insur 
complete*  circulation  of  frt'r^h  air  throujjiinut  tlio  entire  length  of 
dmiu  and  soil-pipe,  and  coinniunieate8  with  the  e^tternal  air  by  ml 


Iti  Fig.  f'jo  is  shown  an  arrangement  vitv  C(jrami>rily  adojvtnl,  but 
o|>eu  to  st^rious  4ibjetii<uiH*  Ilorc,  the  tilth  may  Im  tliruwii  up  agiiinst 
tlit^  entniui'c  of  the  iri^sli-air  )>ij>e  i'' at  vl  and  farm  an  aecuinulatif>n. 
The  H«x)r  of  the  dniiii  and  of  the  outlet  *S  are  at  the  same  hn'el,  as  is 
shown  by  the  two  Hides  of  the  wat^r  sml  L,  and  there  will  lx%  there- 
in>re,  not  head  eoough  to  force  all  light  scjlids  easily  l>eneath  the  dip 
of  the  trap. 

A  miK'h  better  arraQgcmeiit  is  that  shown  in  Fig,  54.  In  this,  the 
inlet  of  the  fresh-air  pi|ie  /*' is  situated  at  a  [joint  fsome  distance  away 
from  ami  on  the  house  side  of  tlie  trap,  where  splashing  and  ae^umu- 
latiou  of  tilth  eannot  oeeur.  At  Ay  the  entering  sewage  lalls  thnmgh 
a  distance  i*(  abiMit  two  inchas  at  L^  and  can  force  any  solid  matter 
under  the  dip  and  onwanl  through  &  It  will  be  noteil  by  the  din^c- 
tion  of  the  arrows  in  both  Hgures  that  the  normal  dirwtir>n  of  the  air 
current  is  inwanl,  but  under  some  conditions  of  internal  and  external 
temperatures,  jls,  lor  exam[>le,  in  summer,  the  direi'tion  is  likely  to  be 
reversed.  In  winter,  owing  to  the  higher  temj>eratnre  of  the  house,  the 
movement  in  the  soiUpi[>e  is  naturally  upwanl  and  outward^  and  in  the 
pi f>e  F  is  <hi w n wii nl  a n <  1  i n wan] . 

Waste-pipes. — The  pi|M*s  connecting  fixtures  with  the  soil-pipe  are 
known  as  waste-pipes.  They  are  made  romnionly  of  lead,  although 
cast-iroQj  wrouglit  iron,  and  galvanized  inm  an;  eniploywl  also.     The 


Suga  In  an  impfoi>eHy  Uiii  jiliw. 

advantage  of  using  lead  is  that  it  is  more  easily  run,  especially  in  places 
where  Ixmds  and  angles  are  ntH-essarv,  and  retpiires,  tlierefore,  a  smaller 
number  of  joints.  The  disa*  I  vantages  are  the  lialjility  tu  ]ierfonttion 
by  nails  carelessly  dri%"en  and  by  gnaM'irig  rats,  and  the  possibility  of 
the  formation  of  air-hx*ks  through  sagging  of  a  jiipe  iinprojierly  laid. 
These  ^jccur  Hometimes  when  a  pif>e  is  not  pro|»erly  suppt»rted  or  wliere 
high  point*^  and  low  points  oc4:'ur  in  a  crofiked  mn.  This  is  shown  in 
exaggeniteil  f*irrn  in  Fig.  55,  Here  we  see  a  series  of  low  pc»ints,  in 
which  water  will  stand  and  where  sediment  may  accumulate,  and  a  cor- 
responding nnmher  of  high  points  cuutatning  air.  These  imj^^le  the 
flow  f»f  water  onward,  and  if  the  pressure  is  low,  a  series  of  them  in  a 
single  run  may  stop  it  altogether. 

Iron  pipes  pt»ssi»ss  whatever  advantage  attaches  to  rigidity,  and 
-while  they  are  not  so  easily  adaptwl  to  erookt^l  runs  and  reijuire  more 
joints,  it  must  be  said  that  the  latter  are  made  tpiickly  and  eiLsily 
when  screw  coujjliugs  are  employed.     Some  joints  are  made  by  screw- 
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ing  directly  into  hubs  and  some  by  means  of  ordinary  ooupIingBytl 
result  in  either  case,  as    shown  in  Fig.   66,   being  perfecdy  ' 
fittings. 

Ordinarily  waste-pipes  need  not  be  larger  than  1.5  inches  in  dii 
nor  lieavier  than  three  pounds  to  the  foot     In  those  cases  wba«  1 
supply  pipes  deliver  a  heavy  stream  of  water  under  high  pressaie,! 
may  be  necessary  to  use  a  larger  size,  in  order  to  insure  Ae  rein(wl| 
of  all  the  water  without  danger  of  overflow.     Too  lai^  pipes  and  \ai\ 

Fig.  66. 


Flush  fittings  with  screw  couplings. 

small  pipes  are  equally  bad.  If  too  small,  the  overflow  is  retarded 
and  they  are  choked  easily ;  if  too  large  for  the  fixture  from  wbiA 
they  lead,  they  cannot  possibly  be  flushed  thoroughly,  but  are  soon 
ccwited  with  grease  and  other  filth,  and  eventually  become  completely 
<K»cluded.  Thus,  a  2-inch  waste-pipe,  attached  to  a  fixture  by  a  1.25- 
inch  joint,  would  be  quite  too  large  and  out  of  place. 

Ix^ad  waste-pipes  may  be  joined  to  iron  soil-pipes  in  the  maoDer 
already  described,  and  to  wrought  iron  by  brass  screw  nipples  wiped 
on  to  the  Iciid  with  solder  and  screwed  with  red  lead  into  the  thread 
of  the  fitting.  Jjead  should  always  be  joined  to  lead  by  wiped  ?oIder 
joints,  and  never  by  cup  or  "copper  bit  "joints,  excepting  when  the 
operation  of  wiping  is  clearly  impossible. 

Traps. — Rich  separate  fixture  connected  with  the  soil-pi})e,  that  L« 
to  say,  each  water-closet,  wash-bowl,  bjithtub,  etc.,  should  be  provided 

Fi(i.  57. 


Running  trap. 


with  some  form  of  trap  situated  as  near  it  as  possible.  A  good  trap 
will  wholly  prevent  tlie  ]>assiige  of  all  air  or  gas  or  odor  from  tk 
waste-pijHj  or  soil  pi})e  backwani  into  the  air  of  the  house,  while  ptf* 
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ag  the  free  passage  of  liquids  and  suspendeid  solids  toward  the 
-.  It  should  be  of  such  constructiou  as  will  admit  of  ready 
ction  and  cleaning,  and  under  ordinary  circumstances  should  be 
leansing.  Improperly  trapped  or  untrapped  fixtures  are  as  much 
avoided  as  leaks,  the  result  in  either  case  being  the  same  so  far 
J  passage  of  offensive  odors  is  concerned. 

Fio.  68. 


Forcing  of  seal  of  running  trap. 


e  simplest  form  of  trap,  called  running  trap,  consists  of  a  down- 
bend  in  a  horizontal  pipe,  as  shown  in  Fig.  67.  When  water  is 
irged  through  such  a  pipe,  the  depressed  portion  will  be  found  to 
full  of  water  when  the  discharge  ceases,  and  this  body  of  water 


Fig.  69. 


^^ 


\£f^  \z^ 


Forms  of  round-pipe  traps. 

prevent  the  passage  of  air  in  either  direction  ;  but  if  sufficient 
ire  is  exerted  on  either  side  to  force  the  level  of  the  water  on  that 
lown  to  the  lowest  point  of  the  bend,  air  may  be  forced  through, 
shown  in  Fig.  58.     The  water  between  the  water  level  and  the 
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lowest  point  of  the  upper  internal  surface  of  the  bead  is  known  as 
seal,  and  this  shpuld  never  be  less  than  1.5  inches  in  depth.    In 
57,  the  seal  is  that  which  lies  between  the  dotted  lines.     This  fom 
trap  is  one  of  a  class  called  round^pipe  traps^  and  to  this  class 
a  number  of  forms,  five  of  which  are  shown  in  Fig.  59.    These 
the  S-trap  (A),  the  Half'S  (B),  the  Three-quarter  S  (C),  the  Ru\ 
(D)  already  described,  and  the  Double-S  or    Hunchback  (E), 
several  forms  are  in  all  aises  of  the  same  size  throughout  and,  there-! 
fore,  will  pass  anything  that  can  gain  entrance.     With  proper  fliKb-j 
ing,  they  are  easily  kept  clean,  but  they  are  quick  to  lose  their  seal  bf 
a  sudden  flow  of  water  through  them  or  by  disturbance  of  atmoiiphe»[ 
pressure  produced  by  the  sudden   discharge  of  water  through  pi|» 
with  which  their  own  pipes  are  connected.    The  means  for  the  preven-! 
tion  of  this  occurrence  are  considered  below. 

Another  class  of  simple  traps  includes  all  those  known  as  BotUtot 
Pot  traps.  In  one  form  of  the  l>ottle  trap,  the  principle  of  which  is 
shown  in  Fig.  60,  the  end  of  the  inlet-pipe  dips  several  inches  into  tlie 
pool  of  water.  In  onler  to  drive  air  backward  through  the  inlets-pipe 
A,  it  would  be  necessary  to  exert  pressure  sufficient  to  force  the  water 
within  the  chamber  B  upward  through  A  until  its 
level  is  brought  down  to  the  lower  end  of  A.  Under 
ordinary  circumstances,  such  a  pressure  would  be 
quite  impossible.  To  drive  air  in  the  other  direction 
through  A  into  B  is  less  difficult,  but  this  will  requiie 
a  pressure  sufficient  to  depress  the  water  standii^ 
within  A  down  to  the  outlet  of  the  pij)e. 

In  Fig.  61  is  shown  a  tra]>  of  this  kind,  in  which 
there  are  two  inlets ;  the  principal  one,  the  pipe  /, 
and  the  second,  which  connects  with  the  overflow  of 
the  fixture,  the  pipe  B.  The  arrows  indicate  the 
direction  of  movement  of  the  sewagt*  through  the  pt. 
As  the  level  rises,  the  excess  runs  ofl'  through  the 
outlet  0  and  discharges  downward.  The  i\f\^ 
portion  of  the  pipe  marked  T^  connects  with  the 
ventilating  pipe,  in  which  free  circulation  of  air  '^ 
maintained.  The  object  of  this  is  explained  below.  This  form  cf 
trap  is  made  to  lose  its  seal  only  with  great  difficulty,  although  a  part  of 
it  may  be  lost  by  siphonage.  The  objection  to  this  form  of  trap  i^  the 
likelihood  of  the  accumulation  of  filth,  for,  unlike  the  round-pipe  trap, 
they  are  not  self-cleansing,  since  the  whole  contents  are  not  i^t  m 
motion  each  time  the  fixture  is  used. 

Another,  simpler,  form  of  pot-trap  is  that  shown  in  Fig.  62.  Here 
the  inlet-tube  /  is  not  immerseil  in  the  liquid,  but  communicate^ 
directly  with  the  lower  part  of  the  chamber ;  the  outlet  O  starts  from 
the  upper  part  of  the  chamlxT,  and  the  communication  with  the  ven- 
tilating pijx*  has  its  exit  at  the  crown.  It  will  be  observed  that  in 
both  these  forms  the  seal  is  cjuite  deep.  The  undue  accumulation  of 
filth  in  these  traps  should  be  guarded  against,  and  for  this  purpose 
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in-out  holes,  closed  with  metallic  screw-caps,  are  provided.  A  large 
■wnnlatioD  of  filth  in  one  of  these  traps  makes  siphonage  of  the 
1  more  easily  brought  about.  This  class  of  trap  is  used  only  under 
IcSy  basins,  baths,  and  washtubs ;  never  under  any  circumstances 
der  water-closets. 


Fio.  61. 


Fia.  62. 


Two  forms  of  ventilated  bottle  traps. 


Among  the  traps  depending  upon  mechanical  devices  to  assist  the 
iter-fleal,  the  Ball-trap  may  be  taken  as  a  type.  In  this  form  (shown 
Fig.  63),  the  up-cast  limb  of  the  trap  consists  of  a  chamber  con- 
lerably  broader  than  the  inlet  branch,  and  contains  a  ball,  the  specific 
ftvity  of  which  is  slightly  greater  than  that  of  water.     This,  when 


Fig.  63. 


Ball-trap. 


le  contents  of  the  trap  are  at  rest,  rests  on  its  seat  and  makes  a  gas- 
^t  joint.  When  liquid  is  discharged  into  the  trap,  the  ball  B  is 
imwn  upward  into  the  position  indicated  by  the  dotted  line;  and 
ben  the  flow  ceases,  it  drops  into  its  original  position.  It  cannot 
cape  from  the  chamber,  since  there  is  not  s|)ace  enough  for  it  to 
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pass  between  the  lip  of  the  pot  and  the  top  of  the  cover.    This 
of  trap  cannot  be  siphoned  out^  because  of  the  size  of  the  pol, 
with  disuse,  it  may  lose  its  seal  by  evaporation.     In  such  an 
however,  the  ball  retains  its  seal  and  closes  the  joint    The  great 
tion  to  this  trap  is  that,  even  although  nothing  which  should 
be  disposed  of  is  thrown  into  the  fixture,  as,  lor  instance,  matdMS 
x)ther  objects,  the  seat  of  the  ball  is  likely  to  become  the  point 
deposit  for  hair,  bits  of  cotton,  linen  fiber,  and  sponge,  and  then  a 
tight  joint  cannot  be  made  with  the  ball.     As  a  matter  of  fact,' 
all  mechanical  devices  in  traps  are  much  inferior  to  the  ordinary  wali^^ 


Another  form  of  trap,  much  used  in  kitchen  sinks,  is  known  as  di 
JBeH  trap.     (See  Fig.  64.)     In  this,  the  delivery  pipe  D  projects  kt 
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Bell  trap. 

some  distance  upward  into  the  reservoir ;  the  inlet  consists  of  » 
.strainer,  aS,  to  which  is  attached  the  bell  B,  which  dips  into  the  pool 
of  water  in  the  reservoir  and  encloses  the  outlet  of  the  pipe  /).  There 
is,  it  will  be  s(^»n,  no  din^i^t  communication  between  the  air  contained 
within  the  l)ell  and  that  above.  The  waste  reaches  the  resenoir 
through  the  holes  in  the  strainer,  and  as  the  level  of  the  liquid  ristfj 
it  escajyes  through  />.  This  form  of  trap  is  quite  likely  to  be  choked 
by  deposits  of  small  bits  of  food  material  and  other  substances  forced 
through  the  holes  of  the  strainer  with  the  aid  of  a  sink  bniish.  1^ 
is  also  easily  siphone<l,  and,  furthermore,  being  easily  removed,  ^ 
happens  very  commonly  that  the  fixture  is  utilized  by  laz\'  servants 
for  the  disjMJsal  of  waste  matters  which  should  be  deposited  eke- 
where. 

Grease  traps  are  devices  for  preventing  the  choking  of  drains  by 
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grease,  which,  dii^t^hargnl  in  the  liqiiid  state  with  hot  watcr^  solidifies 
when  it  comes  in  emitact  with  the  cold  surface  of  the  wayt4*-piije  iiiid 
adheres  thereto  with  ^rt^U  ten- 
acity* TIjc  relating  whtcli  it  ^^^^  ^ 
fonns  l>e€*->me.s  thicker  and 
thicker  th reinstall  successive  vq^ 
pHcatitrns,  aiHl  eventually  nijiy 
ficflndc  tlic  pipe  so  c<*mpletcly 
that  the  trouble  must  be  at- 
tacked from  the  outside,  the 
remedy  requiring  sometimes 
the  removal  and  iucitlcntai  de- 
struction of  an  entire  h'ngtb 
of  pip<L\  Greiise  traps  may  be 
ItK^ited  Ijeneath  the  sink  or, 
prcfernl>!y,  in  a  [ilac^e  provided 
there  fur  outside  the  house. 

A  comraon  ty|M*  of  this  de- 
vice is  shown  in  Fig,  05 .  The 
grejisy  water  nins  into  the  res- 
ervoir through  the  inlet  /,  and 

the  liquid  grease,  being  lighter  than  the  water,  rises  to  tlie  eorface  and 
fonus  a  scum,  which,  when  ct^ld,  solidities  into  a  cake.  The  outlet  0 
of  the  trap  dips  far  beneath  the  surface,  and  bo  ilischargc^s  none  of  the 


Grease  trap. 
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Jacketed  greMc  tmp. 

accumulateil  grease.  Air  is  admitted  through  T",  and  can  circulate 
thenee  through  the  inlet  pi|M?  /,  as  indicated  by  the  arrows.  The  accu- 
mnlate<i  grease  should  ini  rt^movetl  {>eritKlically  through  the  clean-out, 
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which  is  closeil  by  the  rover  (\  A  krg*»r  and  more  complicat<Kl  appa- 
ratus is  shown  in  Fig.  H6.  Henj  the  t^hamlwr  is  enclosiH]  in  a  jacket, 
A  By  thrrni^li  which  onhl  watiT  is  allownl  to  cirrulatf.  The  ilirtv 
water  onkTs  throngli  /  nnd  dischargers  from  tlie  ni^iitT  hraneh  O,  which 
is  vented  through  [\  The  gi-ease  aLXHinmlates  at  G,  and  i.s  removed 
through  the  top,  whieh  is  elosed  l>v   the  Iiinged  cover  C. 

There  are  many  <ither  forms  {jf  grease  intereeptor??,  but  none  is  per- 
ftvt,  for  under  the  most  favoring  eireunistauees  some  grease  will  e^^t-apc 
and  may  congeal  on  the  surface  of  the  waste-pi jx^  or  drain.  All  grease 
traps  should  be  attended  to  at  short  intervals,  else  they  may  become 
almost  eompletely   ill  led   with  solid  grease. 

Loss  of  Seal. — I'raps  may  lose  their  seal  in  various  ways  :  hy 
eiphonage,  by  evap<jration,  l»y  liaek  pressure,  by  leakage,  hy  atxjnmu- 
lation  of  sediment,  and  In*  e:ij>ilhnT  attraction.     The  most  im|x>rtaiit 
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of  these  is  siphonage,  for  the  prevention  of  whieli  two  methods  com- 
monly are  eniph)ye*L  In  one,  the  uji-cast  liml>  of  the  tnip  is  widened 
80  that  it  b'cnrmes  a  |>ot  or  reservoir.  A  large  reservoir  will  resist 
eiplionic  action  much  more  successfully  tlian  a  small  one ;  an  8-inch 
pot  cjuuiot  l»e  siplioniHl  thri>ngh  a  pijw^  <>t'  ordinary  size,  a  4-iuch  pot 
resists  only  when  its  seal  is  unusually  deep,  and  auything  less  than  4 
inches  is  inade^JUat*^ 

This  form  oi"  Irajv,  however,  otlers  dwndetl  ol>jet*ti(»u.  In  the  lirst 
place,  it  is  likely  tit  aeenmulatc  nnicli  scilinient  ;  and  in  tlie  .^tx-oud,  it 
coustitutes  a  miniature  t^esspool,  the  presence  of  which  in  a  system  of 
plumbing  should  not  be  countenanced,  since  sewage  matter  should  be 
cUschargHl  in  as  fresh  a  condition  as  p<issihlc»  and  not  in  a  state  of 
putrefaetion,   which,    if  cessjMMjls   are   empk*yed,   will    inevitably    l>e 
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brought  about.     Moreover,  tliis  form  of  trap  i.s  very  expensive  and 

bulky.  In  tlie  otiier  metlnnl,  the  U|>-curft  Ii ranch  is  connected  with  a 
Vi'ntilating  pijm  by  a  branch  fmrn  its  upjwr  pirtioii.  Unless  one  or 
the  iithor  <>f  tliese  two  meth<MJs  is  adupttnl,  the  contents  of  the  tmp» 
jiarticularly  iti  the  iiise  of  a  n»uinl-f»i]M'  trap,  arc  likely  to  be  siphoned 
<iver  when  its  fixture  is  used  or  wlieu  a  large  volume  of  water  is  dis- 
charged from  some  otiier  tixture  intc*  the  .Huii-pi|»e,  and  in  its  descent 
cruises  a  partial  vacuum.  In  the  former  case,  the  trap  is  self-sij>h(»ned ; 
iu  the  latter,  the  jjartial  vacuum  draws  tlie  water  over  aud  l»reaks  tlie 
Seal.  If  the  tmj>  ciimmunicates  w^ith  a  ventilatiug  pi{>e,  this  4listuri>- 
a  nee  of  ecpiilibrium  c*aunot  i>ceurj  since  tlic  tk'scendiug  mass  of  water 
causes  a  downward!  suction  of  air  through  the  vent  pipe  to  satisfy 
w^hat  would  otherwise  be  a  partial  vaenum.     In  Fig.  67,  the  diagnim 
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Improper  and  proper  po«itlon»  of  vent  pipes. 

on  the  right  shows  the  condition  after  siphonage  has  occnrred ;  the 

greater  part  of  the  watc*r  has  l>een  drawn  over  until  air  can  be  sucktnl 
through,  and  that  which  remains  lias  fallen  back  into  place.  The 
result  is  tlrnt  a  free  commuDieiition  exists  lietw*wn  the  fixture  above 
and  the  soil-pip'  l>ehi\v.  The  diagram  r>n  the  left  shows  the  con<?ition 
of  the  seal  if  the  trap  is  ennueeteiJ  with  a  vc^ntilating  pipe  through  F, 
In   veutiug  traps  in   tins  way,  the  position  of  the  vent  pijx'  is  of 

tooHi^iderable  imfjortance*  Ordinarily,  it  is  plae<tl  as  shown  in  the 
figure.  The  objection  to  this  procedure  and  the  proper  method  arc 
shown  in  Fig.  68.  If  the  pipe  enters  in  the  middle  of  the  benrl,  each 
discharge  cd"  stowage  intn  the*  trap  causes  a  iTnijection  of  the  liquid 
npwanl  into  the  pipe  T,  and  after  a  time  au  aeenmulatiou  is  likely 
to  occur  at  ^1.  If  the  pijK*  is  sitoaU^l  farther  to  the  right,  as  in  tlie 
drawing  on  the  right,  this  aceumulatitni  18  not  likely  to  occur^  and 
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the  sewage  and  the  air  take  the  flireetions  indicate  hy  the  amri 
The  vent  \n\w  is  more  easily  j<)int*d  to  the  traj),  however,  in  tht?  i 
ner  tn  wiiieh  nbjcctioo  is  made. 

The    ventilating   jjiiK-s*    I'rom    the    different    traps  of  a   ^y^1«m  4 
plumbing  connect  with  a  main  ventilating  pii>e,  wliich  may  be  ^ 
to   the  soil-pi|>e,  aloiigi=iide  of  whieli  it  runs,  at  a   point  in  its  up 
part,  before  ks  prtyection  through  tlie  rncif.      It  is  imi>ortant  that  t^ 

junction  of  each  vent  pi|»f  with  tbi 
F'lo.  69,  main  sliall  be  at  a  point  atH»v«t 

fixture,  since,  in    caise  of  an 
struetion  in  the  soil-pipe  lKJow,t 
water  may   baek    up    thnm^h 
trap  and  discharge  through  the  rfl 
pijje  into  the  main  vent,  as  sbon 
IJTjfl     ]^i^!^  \=^:^-^=^^J       in  tig-  *>**'     Here,  the  soil-pipe < 


m 


Fio.  70, 


improper  junclloD  of  vent  pipe  with  main  vent. 


SajUtAs  timp  <ULlceti  iputu 


has  been  obstrueted  at  a  point  just  l^elow  the  entrance  of  the  ' 
pipe   from    the   tixtun-,  and   water   ha>!    awnmulat<*d    tlirr^ughout 
entire  length  of  waste-pi|M^  and  is  disclmrging  into  the  main  veil 
lating  j>ipt*  at  V.      If  tlie  ptnnt  V  were  hi^^hcr  than   the  up[»er  niail 
of  the  IjowU  this  could  not  t>ccur,  since  the  bowl  itself  wouhl  fill  i 
ov^erflow  into  the  room,  and  thus  call  attention  to  the  obntructioiu 

Hon-siphoniBg  Traps. — A   nuniher  of  traf>s  known  as   nou^if 
Lave  beeu  devised  to  obviate  the  net^essity  of  back-venting. 
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may  be  mentioned  the  '^  Sanitas/'  invented  by  Mr.  J.  Pickering 
1,  and  the  "Hydric." 
The  Sanitas  trap^  shown  in  Fig.  70^  is  made  proof  against  siphonic 
[m  by  a  deflecting  partition  within  the  chamber,  which  permits  the 
1  of  air  above  the  water  and  throws  back  a  volume  of  water 
ent  to  maintain  a  seal  over  three  inches  in  depth,  which  resists 
Rtion  for  a  long  time  and  cannot  be  destroyed  by  capillary  at- 
When  attached  to  fixtures  with  large  outlets  and  quick  dis- 
e,  it  is  also  self-cleansing,  even  when  ashes  and  similar  unusual 
ituents  of  sewage  are  thrown  into  it     In  the  figure,  the  several 
I  are  shown  separately  :  the  main  structure,  the  chamber,  and  the 
ing  partition. 
The  Hydric  trap,  shown  in  Fig.  71,  contains  no  deflecting  partition 
*  other  mechanical  device,  but  depends  upon  the  action  of  the  upper 
5  of  the  body  of  the  trap  in  deflecting  and  throwing  back  the 
'"^VBter  during  the  sucking  of  the  air  through  the  chamber  and  over  the 


Fio.  71. 


Hydric  trap. 

When  the  siphoning  action  is  finished,  a  sufficient  volume  of 
[water  remains  to  form  a  permanent  seal. 

£vai)oration  of  the  seal  does  not  commonly  occur  except  after  long 
It  is  favored  by  trap  ventilation,  since,  when  a  current  of  air 
amies  in  constant  contact  with  a  body  of  water,  constant  absorption 
is  in  process.  In  order  to  prevent  loss  by  evaporation  in  case  of  long 
disuse,  two  processes  are  in  vogue.  One  is  to  employ  a  trustworthy 
person  to  visit  the  premises  weekly  during  the  absence  of  the  occupants 
and  flush  each  fixture.  The  other,  and,  on  the  whole,  the  more  eco- 
nomical, is  to  pour  into  each  fixture  a  suflfic^ient  amount  of  glycerin, 
which,  bdng  hygroscopic,  will  take  water  from  rather  than  yield  it  to 
the  atmosphere,  or  of  oil,  which  will  float  on  the  surface  of  the  water 
and  prevent  its  absorption  by  the  air. 

Back  pressure  is  a  force  which  is  not  much  to  be  feared.  In  former 
times,  when  it  was  not  customary  to  ventilate  the  soil-pi j)e,  back  press- 
ure was  caused  not  uncommonly  by  winds  and  the  action  of  tides,  so 
tiiat  the  air  in  the  whole  plumbing  system  was  compressed  and  the  seal 
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fnrcetl  1>a<"kward,     Scmietimes,  a  tnip  situiite^l  near  the  VM>tnjui  ui  ii 
.stack    is    liirfrd   l>y  liac^k  jvrf??sun%  limught  about   by  the  tk-seent  rtf  i 
<*uIyrno  of  watvr  pius.siii^  the  coiitaiodl  air  ahead  of  it, 

lA^akii*i;e  as  a  cause  of  losi?  of  seal  is  too  evident  to  require  expla 
tion.  Aeciimtilaiiou  of  sediriieiit  may  be  so  extensive  as  to  replaced 
water  iu  gn^ii  part,  ami  thus  render  Hijihoiiliig  much  eai?ier.  Gipitl 
attraetioD  is  a  uot  iiifn-nueiit  eau.se  of  loss  ui'  seal  when  aoeumulati»jB 
of  ha i r ,  t h rea t J s ,  a t kl  ul \wv  1  i k e  s ii b s tail ees  occu r  in  ii  u on -socm ri n^  in 
at  the  outlet  and  drain  away,  little  by  little,  the  Hxtiire  skle  of  ibcs<i 
into  the  outfalL 

It  is  hardly  tieeessary  to  say  that   nothing  should   be  tlirnwn 
traps   excepting   tlione  nialtera  which  are  re^Hsgnized  as  coostitQenU* 
itornia!  sewage*  that  i«  to  say,  neither   matches,  nor   rag*5,  nor  bn^hfl 
china,  nor  wads  of  news|^[)cr,  nor  stiff  writing   paper  not  easily 
integmted  by  the  action  of  wiitcr.     All  such  suljstances  are  like 
only  to  elog  traps  and  l/reak  the  seal,  but  alpo  to  form  obf*tructio51 
soil-pipe,  [nirtieularly  where  l>eiids  oi-eur. 

The  extremists  who  eling  to  the  sewer-air  theory  of  transmissioB  I 
disease  are  not  always  satisfied  with  oixh'narv  trapping,  feeling 
tliat  the  water  iu  one  branch  of  the  trap  will  absorb  disease 
from  the  sewer  air  and  discharge  them  on  the  fixture  side.  To  aV 
this,  a  system  t^^  double  tmpping  has  lieen  ad%'oealetl,  with  which  \ 
ance  is  made  donbly  sure.  With  this  arrangement,  we  have  two  i 
in  innuf'tliate  sueeession,  so  thnt  the  waste*  from  the  first  must 
tlirough  tht^  st'cond  ;  thus  wt*  have  two  seals,  and  any  |)oisoD  jibsorl 
from  the  farther  one  and  discngageil  backward  will  then  nu-^twithl 
swond  obstruction*  Besides  the  manifest  alisurdity  of  such  extr 
preeaution,  tiiere  is  a  deckUxl  objcctkm  to  this  arningement,  since  *<>lil 
matters  are  likely  to  Imlge  in  the  s(?tx»nd  tnip  and  esiuse  it  to  be  ofr 
strncted.  \Miilc  the  head  of  wntcr  may  he  sutbeieut  to  drive  the  wa4l 
through  one  trap,  it  is  by  no  meiuis  certain  that  it  will  t»e  ?tnni| 
ernjugh  to  drive  it  through  T%vo,  and,  as  a  matter  of  fact,  it  usoallf 
is  nnt,  ^loreover,  betwet^n  the  two  traps  an  air  lock  l^  likely  < 
form,  and  that  in  itself  is  a  decidtHl  (il*jection,  as  has   lxx*n  ejcijlainf^*! 

Water-closets* — By  reason  4if  tlie  tact  that   their  general  ein{>l"H 
ment  is  a  matter  of  com |ia rati vely  recent  time^?,  it  is  believe<l  verj' <'<inhl 
nionly  that  water-elosets  are   the   invention  of  the   last   half  c<'«tii'>'«f 
They  date  back,  however*  many  centuries,  for  in  a  somewhat  §impl<t 
form   they  were   iu   use  in  antneut    Rtmie  an*I  I'omiK'ii,  and  pnWnn 
even  eitrlier  in  Asia  and  vVfrica,     These  primitive  ft^rms,  however, >»>'!? ^ 
devoid  of  the  mt»chanical  appliances,  flushing  tanks,  etc.,  of  thi*  clo^l* 
of  the  present  day.     It  is  said  that  tlie  j)rototyf>e  of  the  prest^nl  ci<K^l 
was  in  use  iu   France  and  Spain  before  the  sixteenth  t^ntur\%  b"t^i 
far   as   is   known,  no  diagrams  of  their   t*oustnietion   are   extant    h» 
England,  the  first  water-closet  with  a  flushing  ap|Kiratus  was  (Hmstruci^^' 
under  the  direc*tion  of  Sir  John  Harington,  at  hi8  countn-  seat  at  Kd- 
Bton,  near   Bath,  and   des<'nlHMl    by   him    in   a  saliricjil,   ^emi -political 
work,  "  An  Anatomy  uf  the  ilcLamorphosed  Ajax,''  priDted  in  b^'**^' 
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which  work  Figs.  72  and  73  are  taken.     Fig.   72  shows  the 
Is  of  the  apparatus  described  by  him  as  follows : 


Fkj.  72. 


duced  fiiCBimile  of  the  oldest  known  (1596)  drawing  showing  details  of  a  water-closet. 

3ere  are  the  {)arts  set  down  with  a  rate  of  the  prices,  that  a  builder 
guess  what  he  hath  to  pay. 

8     d 

**  A  the  ci»t€rn;  stone  or  brick.      Price 6    8 

6,  d,  e  the  pipe  that  comes  from  the  cistern,  with  a  stopple  to 

the  wasner 3    6 

c  a  waste-pipe 1     0 

/,  <j  the  stem  of  the  great  stopple,  with  a  kev  to  it 1     6 

h  the  form  of  the  upper  brim  of  the  vessel  or  stool-{M)t  .    .    . 

m  the  stool-pot,  of  stone 8    0 

n  the  jQ^'eat  brass  sluice,  t(»  wliich  is  three  inches  current  to 

send  it  down  a  gallop  into  the  Jax 10    0 

i  the  seat,  with  a  peak  devant  for  eUK)w-room.  The  whole 
charge  thirty  shillings  and  eight  pence  ;  yet  a  mascm  of  my 
masters  was  offered  thirty  pounds  for  the  like.  Memoran- 
dum.    The  scale  is  about  half  an  inch  to  a  foot." 


g.  73  shows  the  apparatus  set  up  and  during  flushing.  "  Here  is 
Mne  all  put  together ;  that  the  workman  may  see  if  it  Ihj  well.  A 
Istem.  B  the  little  wash(»r.  c  the  waste-pi i)e.  D  the  seat  board, 
pipe  that  comes  from  the  cistern.  /  the  screw,  g  the  scallop 
,  to  cover  it  when  it  is  shut  down.  JFfthe  stool  pot.  i  the  stopple. 
current.  I  the  sluice,  w,  N  the  vault  into  which  it  falls  ;  always 
mber  that  (  )  at  noon  and  at  night  empty  it,  and  leave  it 
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balf  a  foot  deep  in  fair  wakr.     And  tbm  being  well  done,  and  ( 
kept,  your  worst  privy  may  he  as  sweet  a«  your  Ijcst  ebomber'* 

Wo  have  evitleiUH'  tliat   even  jmnmg  })eople.s  not  clajii^  am< 
highly  eiviHzed,  the  use  nf  water-<'lo8etv^  \s  hy  nu  means  of 
Thiu^,  Ogilby  in   hi.s  c^laborate  work  on  Africa,  piibliiihed  in  1G70,^ 
.scribing  the  eity  of  Fez,  i^yr^^  on  jwige  187:  "'The   River  Fer  wik| 
Paulus  Joviiis  calls  RhaKalnie,  parses  through  the  City  in  two  Bnm 
one   nins  8<mthwar«l  towards   Xew  Fez,  and  the  other  West;  each< 
these  snlRlividing  into  many  otlier  clear  running  Channels  ihn^ugh  \k 
Streets,  Berving  not  onely  each   private  House,  but  Cburcbes,  In 

Fio.  73, 


<A 


Companion  ii>  Fig.  72,  showing  parU  put  toffeUicr. 

Hos]iitaIs,  and  alt  other  publick  Places  to  their  great  eonvenieoc€S. 
Roimd  about  the  Mosques  are  a  huudrnl  and  lifty  Common-Hoiife?  •'* 
Ejiseinent,  built  Four-s<iuare  ant]  divide*!  into  Singh^-Stool-Rooms,  eack 
furnished  with  a  Cork  and  a  Marble  Cistern*  which  scoureth  iinrl  k^vjw 
all  nt^t  and  clean,  as  if  these  places  weiv  intended  for  some  swuiif 
Eni]}loymcnt." 

The  water-closets  of  the  present  day  may  be  divided  into  twoclas.^'^' 
those  having  movable  internal  mwhanisni,  and  those  having  none,  T<» 
the  f**rmcr  class  behmg  the  plunger,  or  ping,  closet,  the  pan  chiset,  nn« 
a  number  of  others  ;  to  the  latter  l>elong  the  hopper  closet,  the  varif>o^ 
wash-out  closets^  the  siphon  closets,  and  the  siphon  jet  closets*  Tn 
attcmjit  to  ilescrilH*  all  the  difftmnjt  forms  on  the  market  would  be  » 
tedious  and  iiBcless  task,  for  the  jKiteuteil  devices  alouc  run  up  intotbt* 
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Ireds.     Therefore,  in  the  following  pages,  only  those  which  may 

taken  as  types  of  the  worst  and  best  will  be  described.      First  will 

described  those  of  distinctly  objectionable  construction.     These  in- 

number  which,  while  they  are  no  longer  introduced  in  com- 

having  modem  plumbing  regulations,  exist  in  thousands  of 

into  which  they  were  introduced  at  a  time  when  they  were  re- 

as  absolutely  perfect. 

ka  Pan  Oloset. — The  principle  of  this  apparatus  is  shown  in  Fig. 

which  is  a  vertical  section  of  the  working  part  of  the  closet,  free 

the  cabinet  work  in  which  it  is  usually  enclosed.     It  consists  of 

kopper  Hj  provided  with  a  flushing  rim  and  closed  at  its  outlet  by 

of  a  hinged  pan  P,  which  is  released  by  a  mechanism  which  it 


Fig.  74. 

\>^ 

{ 

XlJI 

Pan  closet. 


13  unnecessary  to  illustrate  or  explain.  When  the  pan  is  in  the  hori- 
zontal position,  it  is  partly  filled  with  water,  into  which  the  excreta 
W  discharged,  although  ordinarily  they  come  in  contact  first  with  the 
iorfuse  of  the  hopper  above  the  water  level.  The  closet  is  emptied 
I7  palling  a  knob  or  handle  which  releases  the  pan,  which  then  takes 
4e  position  shown  in  the  figure  by  the  dotted  lines.  The  contents 
•ft  thus  thrown  into  the  lower  chamber,  and  fall  into  the  trap  below. 
He  mechanism  which  releases  the  pan  also  stiirts  a  flush  of  water 
Jkiough  the  flushing  rim  over  the  surface  of  the  hopper.  This  flush 
•  supposed  to  scour  the  interior  and  to  be  sufficiently  voluminous  to 
"^ve  the  excreta  over  the  bend  of  the  trap  and  forward  toward  the 
^-pipe.  When  the  pan  is  brought  back  to  its  original  place*,  the 
Atth  continues  until  the  pan  is  filled  to  the  same  level  as  before. 
As  a  matter  of  &ct,  the  flush  of  these  closets  is  ordinarily  little 
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better  than  a  mori'  drililde.  The  front  wall  of  the  receiving  clmnil>er, 
against  whii  h  tin-  fKvvvlii  an-  tlimwii  l»y  the  pan  in  its  dt^scetit,  iti 
iiivariahly  in  a  filthy  fondition,  whi^-li  eatirif^t  be  iinprnveil  by  any 
aiiKHuit  of  such  flushing  u.s  t\w  aj>|)tiratus  is  aijmhle  of  giving.  The 
t;cHisei|uenee  is  that  eaeh  time  the  jwiii  is  dropjied^  a  volume  of  Icml 
ail"  is  *Iisj>hiee<l  iqiwanl  iut<>  the  rotnu.  The  inlet  side  of  Hie  trap  is 
eonunonly  a  miniature  eesspcH*!,  sinee  the  flush  has  so  little  bead  that-1 
it  is  unable  t^3  drive  objects  of  ligliter  spiK*itie  gravity  than  that  nf 
water  through  the  trap.  In  the  illustration,  S  represent.^  vvhat  18 
known  as  a  **  safe  ^'  to  eateli  all  4lri[>])ings  from  any  souree,  and  from 
tliis,  t!ie  pipe  «  ennduets  tlieni  to  tlie  Ijenil  of  the  tnip.  This  whole 
etintrivaneei  fnrmerly  the  pride  <»f  the  plnmber's  emft,  is  now  gcuer-l 
ally  and  justly  regarde^J  as  an  abomination. 

The  Flimger,  or  Plug,  Closet>^ — This  apjianitus,  shown  in  Fig,  y»:>,  lii 
fiir  lesis  objeetitmaide  than  the  pan  closet.     It  eouisistii  of  a  receiver  B^ 

Fig.  76. 


PlungfCT  clottet. 

in  whieh  a  larg^  vohime  of  water  etm  l>e  retained  when  the  plunger,  or 
plug,  .1,  is  in  placi'.  When  ^1  is  lit>e<I,  the  contents  of  /*  escsipe 
downward  into  tlie  trap,  whieh  is  vented  at  T".  The  plunger  A  not 
only  ccmtrols  the  emptying  of  the  receiver,  but  also  acts  lu?  a  standing 
overflow,  for  should  the  water  in  the  n^ser\*oir  rise  higher  than  the 
upper  level  of  the  jJunger,  it  will  flow  over  into  .1,  and  from  it 
tiiruugh  ('  into  the  trap.  This  fixture  re*juires  a  larg(^  amount  of 
water  in  order  to  olitain  a  projx^r  flush,  for  unh?ss  the  flush  is  gener- 
OUH,  bits  of  |wi|>er  an<l  other  material  may  adhere  to  the  edge  of  the 
outlet,  so  that  when  the  plunger  is  in  place  the  valve  is  not  tight. 
Naturally,  with  a  loose  joint,  the  t*c»nteots  oi'  the  receiver  will  ooze 
away  and  leave  it  in  a  dry  condition. 

These  two  forms  suffice  aa  illustrations  of  the  objectionable  clasB  of 
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Fig,  76. 


closets,  ami  it  may  Ik*  Hiiitl,  in  ji^meral,  that  all  elost'tK  de^K^nding  upon 
internal,  inerlianu-sil,  niovable  parts  are  i»l>je<-tiunahle,  and  all  of  iUvm 
are  likely  t<*  beeimie  exc^eedingly  fVud* 

A  pru|)erly  construct e<l  wat^^r-closet  should  havi^  a  tiush  uf  water 
that  will  wash  the  whule  of  the  interior  surfat^e  of  the  bowl  m(»st 
thoroughly,  curry  onwaril  all  the  filth  tind  fit  her  material  beyond  tlie 
trap,  and  leave  the  bowl  fillrd  to  the  pnijx^r  bright  witli  ek^an  water. 
It  shiHild  l)e  cleaiR'd  su  tfioroughly  every  time  it  is  use^l,  that  no  tilth 
may  remain  deposits  1  at  any  point,  and  it  aboiild  be  free  fnjni  dis- 
agreeable odor. 

Hopper  Closet.— Tlie  sitnplest  form  of  non-meiiianietil  closets  m 
known  as  the  IIoppa\  whie*h  is  ,shown  in  Fig,  Hk  The  iihistni- 
tion  bartlly  uewls  explanation,  tlir  device  cfnisisting  of  a  huppT  e^u- 
nected  witli  a  simple  S-trap,  ventilat^xl  in  the  usual  way.  HopjK^rs 
are  known  variously  a.s  ahort  and  kmg.  Tlie  k>ng  variety  presents  no 
advantage  over  the  short,  and  is  kepi  much  less  easily  in  propiT  con- 
dition. The  long  ho|jjM}r  has  its  tmp  beneiith  the  floor  ;  tlie  diort  hop- 
per, above  it.  The  sluirt  hf*p[»er  is 
less  likely  to  become  foul,  on  ac- 
count of  the  smaller  surface  pre- 
eente<l,  and  b*x^usc»  the  level  tpf  the 
wati'r  in  1  he  trap  is  nearer  the  seat. 
The  hop]XT  should  l>e  prtn'idcd  with 
a  ge ner<i us  flush  f r in u  a  fl us  1 » i ng  r i m , 
for  otherwise  it  is  likely  to  lMx.^ime 
foul,  sioee,  from  the  shape  of  the 
receiver,  fouling  of  its  posterior 
interior  surface  is  inevitjible.  This 
is  more  market!  with  the  long  than 
with  the  short  IjtijjjK'r,  Unle^s  tlie 
flush  is  a  geuen»us  one,  it  is  nei*es- 
sarv  to  pour  down  an  rfcciisiona! 
paill'ul   of  water,  and  also  to  apply  the  closet   brush  at  le-a^it  daily* 

Open  Wash-out  Closets,— The  ofK*n  wash-out  eh^si't  is  designakM.! 
variously  as  front  or  liack  or  side  wash-out,  airortiing  to  the  direction 
which  the  eontentss  of  the  bowl  take  toward  the  tmp>.  In  Fig.  77  is 
shown  a  front  washnuit  in  vertical  section.  The  bowl,  providetl  with 
a  flushing  rim  F  fvil  by  the  supply  pi|w  I\  holds  a  pfMil  of  water,  into 
which  the  excreta  are  projirte^L  The  grcitti'st  depth  of  this  volume 
should  nt»t  exceed  1,75  incht*s.  In  use,  the  contents  of  the  bowl  are 
swept  by  the  water  from  the  flushing  rim  into  the  trap  S,  which  is 
ventilated  at  V  in  the  usual  manner,  and  the  flow  is  sntiiciently  volu- 
minous to  fevree  tfie  excreta  <lown  and  under  the  paiiition. 

If  the  volume  fif  water  in  tlic  bf*wl  is  deeper  tlian  above  stated,  it  is 
possible  that  the  flush  may  sweep  Ix^neath  any  floating  exeretii,  whicli^ 
in  conserpience,  may  be  retjuucil.  If  no  pcjol  at  all,  or  only  a  very 
much  shallower  one,  l)e  kept,  the  exi/ret^i  may  adhere  to  the  basin  with 


Hopper  closet. 


such  tenacity  that  they  are  not  easily  diskKlged  by  a  single  flush.     For 
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the  wash-out  closet,  it  was  intended  to  secure  the  combined  adv 
of  the  hopper  and  tiie  plunger  closets,  that  is,  the  advantage  of  a  I 
surface  of  water  in  the  bowl  in  addition  to  that  in  the  trap,  y 
the  intervention  of  any  mechanical  contrivance.  The  objectioDS  \ 
wash-out  closets  are  :  (1)  that  the  principal  office  of  the  flush  is  1 
cleansing  of  the  basin ;  (2)  that  after  each  using,  the  excr^  and  japrl 
are  Ukely  to  remain  in  the  inlet  side  of  the  trap  until  the  fixture  mi 
used  again ;  and  (3)  that  the  surface  against  which  the  excreta  anl 
thrown  during  the  flushing  is  likely  to  become  fouled  and  team  »] 
until  cleaned  mechanically  by  means  of  a  brush  or  other  ap[diaDoe. 

Another  form  of  wash-out  closet  has  the  basin  so  constmctedastoj 
form  a  trap.     Closets  of  this  class  are  much  like  the  hopper,  but  hold  1 

Fig.  77. 


Open  wash-out  closet. 

a  much  greater  depth  of  water.  They  are  known  more  commonly  »5 
"  wash-down  ''  closets.  In  both  the  wash-out  and  the  wash-doWD 
closets,  the  lip  of  the  trap  should  dip  not  less  than  1.5  inches  beneath 
the  water  level ;  less  than  that  increases  the  risk  of  loss  of  seal  by 
evaporation,  and  more  requires  a  larger  flush  than  is  ordinarily  obtain- 
able to  force  the  exereti,  etc.,  downward  and  onward. 

Siphon  Closets. — Another  type  of  wash-down  closet  is  known  as  the 
siphon  jet.  In  this,  the  contents  of  the  receiver  are  drawn  oat  bv 
siphonnge,  and  at  the  same  time  are  propelled  by  a  jet  of  water  fi^ 
the  front.  In  Fi^.  78,  one  of  these  closets  is  shown.  Here  the 
chamber  is  dividecl  into  two  sides  of  a  trap  by  the  partition  &  ^ 
the  flush  is  brought  into  play,  a  jet  of  water  comes  down  with  son* 
force  through  A  and  pushes  the  contents  of  B  over  into  the  chamber 
V,  and,  as  the  flush  continues,  the  chamber  C  becomes  the  long  legw 
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a  siphon,  &o  that  when  the  flush  c*mses  to  act,  the  siphon  contimiu8  to 
suck  out  the  contents  of  the  n^eeiver  until  the  water  level  is  brought 
tkiWii  to  the  point  N,  when  air  is  adtnittt^  and  the  siphon  beeunies 
thereby  broken.  The  after-flush  raises  the  water  level  again  to  its 
original  jwint. 

Fig.  78. 


Siphon  jet  cloaet. 


Another  form  of  siphon  closet,  which  acts  without  the  assistance  of  a 

jet  is  known  as  the  Devevo,  This  is  a  very  simple  and  effieient  fixture, 
invented  by  the  late  Colonel  George  E.  Waring^  Jr.  The  receiver  is 
ver)'  deepi  and  maintaius  sevend  iuelit-s  of  seal.  The  apparatus  is 
shown  in  Fig.  79.     To  assist  in  charging  the  siphon^  a  weir-chamber. 


Fio.  79. 


Flo.  80. 


Dececo  closet. 


S«nltas  closet* 


sitnat^d  hehjw  the  rct^eiver  and  just  Ijeneath  the  flnf»r,  is  employed. 
WTien  the  Hush  is  set  in  at^tiuii,  tbe  water  iu  the  basiu  overfly *ws  and 
fulls  iutn  the  weir-eluHuhcT  behnv.  This  has  a  et*rtstrit*tetl  outlet, 
which  is  elose<l  %'ery  quiekly  by  tlie  descending  water,  and  thereby  the 
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entnmre  of  air  from  the  .soil*j)i[K»  mla  U  prevented,     Ai*  the 
rushes  into  tlie  long  leg  of  tlif  siphon,   it  puslitfs  thr  c^^ntiirned  air 
onward,  tlie  leg  is  simn  hllecl  witli  wmUt,  and  the  siphon  i>  ' 
Whrn  thv  euntcntw  (if  the  ImiwI  liavr   Ih'I'ii   snckisl  down  Im 
Ijorder  of  the  imrtition,  the  siphon  it  l)roken  by  the  admi<<^ion  of 
that  |>oint,  and  the  howl  is  then  retillHl  l)v  the  after-flu^ih. 

Still  anutliLT  efficient  form  nf  elo>et  is  the  *Sr//M7fM,  shown  in  Fi^,^ 
In  this  apj>aratiis,  invented  l>y  Mr.  J.  I'iekering  Pntnani,  thi'  tii 
aeeoniplishid  hy  the  pressure  of  water  in  the  supply  pijK\     Thr^ 
enU^rs  the  IhiwI  below  the  normal  water  level  and  stands  |>ermari 
full  througli  its  entire  length  up  to  the  cistern.     Tlie  water  is  \v 
the  pijw  by  atniospluTie  pressure.      Tln^  up|KT  end  of  the  pipe  U  ^' 
by  the  cistern  valve,  and  the  lower  end  by  the  water  l>eneath  the 
level  of  the  re<x^iver.     The  lower  j>orti(»n  of  tlie  supply  pipe  k  Ja::  -    _ 
rated  at  two  ditferent  |x>ints,  thriiugh  the  first  of  which,  water  U  sup*  ■ 
plied  to  the  flushing  rim,  and  through  the  second,  a  jet  is  ^t  in  a^i  ! 
as  in   the  ordjnar\^  siphon  jet  closi^t.     When  the  flush  is  set  in  -  ] 
tion,  the  cistern  vidve  is  openetl,  and  the  water  descends  and  e-- 
through  the  two  outlets ;  through  the  upj)er,  the  paasage  leading  t^  <^ 
flusliing  rim  is  fllltHl,  and  through  the  Iowtf,  the  water  is  pnijecte*! 
from  the  i)ott4mi   of  the  receiver  np  into  the  siphon,      Tlie  action  i- 
very  quick  and   pmctieally  without   nr»ise.     When   the  cistern  vnfvf 
is  again   closetl,    the   water  ceases   to    escape    through    the   op  ti    :^ 
and  that  in  the  flushing  rim  and  jmssages  leading  theretfi  fai]>  l^aik 
into  the  bowl  and  restores  the  nt)rmal  le\^eL 

FliisMiig  Apparatus. — The  ohj^^ 
of  a  Hushing  apparatus  is  the  thorc»tigii 
removal  of  all  adhering  excreta  fr)in 
the  sides  of  the  fixture,  and  it>  pn>|viil- 
sion  throngh  and  l»eyond  the  trap.  TW 
tlushiug  rim  is  conu€M?ted  with  ii  -  :  ■ 
pi|>e  of  about  L2.i  inches  diun:  i  , 
connected  with  the  cistern,  Thrmigk 
this  pi(Rs  the  water  is  delivered  uiiN  ' 
rush,  and  is  sprt^ad  <»ut  by  the  t^u-i-Ji: 
rim  in  small  jets  against  the  side*  *^ 
the  bowl.  With  some  forms  of  fliishia^ 
cisterns,  the  flush  c*>ntinucs  as  loujit^ 
the  lever  which  o|>ens  the  valve  i-^  IhW 
down  f>r  until  the  cistern  is  enip'i^'' 
conipletely. 

Another  fiirm  of  flushing  cu^urfl 
h  known  as  the  siphon  tank,  tht 
valve  of  which  is  shown  in  Fi^*  ^^• 
This  consists  of  a  chiuble  ttilxv  -^ 
and  B^  the  inner  tube  A  beinjj  thf 
longer,  and  the  two  tuU*;*  forming » 
siphon.       The  lower  end  of  the  long  leg  of  the  siphon  A  n'st-  *>» 


A 


B 


ViilTe  of  liphon  touk. 
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er  ring  at  C,  and  forms  the  valve.  The  siphon  is  started  in 
ion  by  lifting  the  valve  off  its  seat  by  means  of  a  chain  fastened 
ring  in  the  cap  E.  The  water  rushes  downward  through  the  flush 
Fj  sucks  the  air  out  of  ^,  and  fills  the  siphon  with  water.  The 
is  then  dropped  back^  and  the  discharge  continues  flowing  into 
\  siphon  at  D,  and  downward  through  A,  as  indicated  by  the  arrows. 
Bhe  discharge  continues  until  the  level  of  the  water  is  brought  down 
I  the  point  /),  when,  air  being  sucked  in,  the  siphon  is  brok^:p.  Witl 
"  \  apparatus,  the  flush  tank  is  emptied  every  time  the  fixture  is  used, 
the  valve  needs  to  be  opened  only  long  enough  to  start  the  siphon 
I  motion,  which  object  is  accomplished  in  a  few  seconds. 
1^  Stni  pnother  form  of  flushing  apparatus  is  shown  in  Fig.  82.  This 
k  employed  to  furnish  a  large  flush  and  a  small  after-flush,  by  means 
if  which  the  bowl  of  the  fixture  may  receive  water  aft«r  the  main 

Fio.  82. 


FluRhing  tank. 

foflhing  has  been  accomplished.  The  tank  is  divided  into  two  cham- 
Iw8,  A  and  B.  The  valve  V,  worked  by  chain  and  lever,  is  4  inches 
in  diameter.  When  opened,  it  discharges  water  more  rapidly  than  it 
CM  flow  through  the  pipe  E,  and,  in  consequence,  the  surplus  fills  the 
dumber  B,  When  the  valve  is  closed,  the  main  flush  ceases,  and  a 
oialler  flow  continues  until  the  chamber  B  is  emptied.  At  the  point 
0,  is  the  overflow  for  the  chamber  A  into  B, 

A  flushing  tank  should  contain  not  less  than  4  gallons,  and,  except 
JO  the  case  of  the  Sanitas  closet,  should  be  not  less  than  6  feet  above 
^  closet  bowl. 

Water-closet  Oonnections. — The  ordinary'  method  of  connecting  a 
JiKrfem  water-closet  with  the  soil-pipe  branch  is  by  moans  of  wliat  is 
known  as  a  brass  floor-plate  joint.  The  soil-pipe  branch  is  fastened  by 
^Wans  of  solder  to  a  brass  flange,  which  is  screwed  to  the  floor.  The 
doaet  flange  is  set  upon  an  intervening  rubber  gasket,  and  the  two  are 
4en  screwed  or  bolted  together.     The  common  putty  joint  should  not 
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be  used,  for  although  it  may  not  leak  water,  it  is  usually  pervioos 
air  and  odors.  In  screwing  up  the  porcelain  branchy  great  care 
be  taken  to  avoid  breakage.  Some  closets  are  made  in  two  pieces, 
bowl  being  of  porcelain,  and  the  trap  of  iron  or  other  metal  with  &! 
porcelain  lining.  With  these,  the  danger  of  breakage  is  reduced  tot 
minimum. 

Urinals. — The  urinal  is  a  fixture  which  should  not  be  tolerated  in  t 
private  house,  since,  with  the  best  of  care,  they  are  almost  inevitahlf 
oflFensive  and,  with  ordinary  care,  are  sure  to  be  a  decided  nuiaanoei; 
They  are  necessary  only  in  large  buildings,  and  there  they  reqm 
abundant  and  frequent  flushing  and  constant  care.  The  waste-pipe  ii 
commonly  coated  on  the  interior  as  &r  as  the  trap  with  a  deposit  de» 
rived  from  the  urine,  and  does  not  yield  it  readily  to  flowing  wata; 
The  application  of  washing  soda  or  of  solution  of  ordinary  pota^k 
ineffi?ctive,  but  hydrochloric  acid  in  10  per  cent  strength,  followid 
shortly  by  a  generous  flush  of  water,  will  remove  it.  Weak  sulphuM 
acid,  about  2.5  per  cent.,  is  also  efficient. 

Wash  Basins. — Wash  basins  are  made  of  metal,  as  copper,  enan- 
elled  and  galvanized  iron,  and  of  earthenware  and  porcelain.  Most 
commonly,  they  are  of  glazed  earthenware.  In  shape,  they  are  eidier 
circular  or  oval.  The  latter  form  is  generally  preferred,  as  it  afforfi 
more  space  for  free  action  of  the  arms  than  a  circular  one  of  the 
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Oil  pacify.    S<  nr\o  bowls  are  made  with 

a  flushing  rim  at  the  top,  through 

which  hot  and  cold  water  are  intro- 

duccHl  togetluT  on  all  sides,  and  thus    ^"^  ^*° ''^^nelt'h^pi^^''™  ^^*^"' 

the  entire  surface  of  the  bowl  is  mon* 

easily  kept  clean.  In  the  u])per  part  of  the  commonest  form  of  ba?in 
(see  Fig.  8'^)  a  number  of  jK'rforations  (S)  communicate  with  the  over- 
flow horn  (//)  conn(H>te(l  with  the  waste-pipe.  Onlinarly,  thesi*  outlet 
holes  are  unal>le  to  di^livcr  water  as  rapidly  as  it  enters  through  a  faucet 
with  nioderate  head,  and  consequently  too  much  dependence  i^houW 
ut)t  be  j)laced  on  them  in  the  prevention  of  overfilling  of  the  ba^'"- 
In  some  howls,  the  entire  ovci-flow  horn  is  an  integral  part  of  the  fixt- 
ure, opening  just  benrath  the  plug,  as  shown  in  Fig.  84.  ^^^ 
the  horn  d(K\s  not  so  extend,  its  junction  with  the  w^aste-pipe  is  not  in- 
fr(Mjnently  wrongly  made  ;  sometimes,  it  is  connected  below  the  trap; 
sometimes,  at  the  crown  of  the  trap,  into  or  near  the  vent  pipe.    T*^ 


PLUMBING. 


481 


overflow  liorn,  es|)ecially  with  long  use  of  the  fixture,  ivS  ver}'  likely  to 
betome  foul,  on  account  of  the  soap  and  filth  which  become  deposited 


Fig.  85. 


Wiish  busin  with  8tandpipe  plug  and  overflow 

along  its  inner  surface.  In  fact,  the  odor  which  is  ascribed  commonly 
to  "  sewer  gas ''  comes  from  the  horn  and  from  the  waste-pipe  between 
the  bowl  of  the  trai).     Another  source  of  odor  of  much  less  importance 

Fig.  86. 


Improved  standpipc  oyerflow. 


is  the  chain  attached  to  the  plug.     This  gradually  collects  within  its 
links  the  same  kind  of  dejwsit,  which  is  removed  completely  only  with 
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some  difficulty  and  much  scrubbing  with  a  brush.  On  acooont  of 
fouling  of  the  chain  and  the  inconvenience  of  having  it  in  the  wij 
the  hands^  some  forms  of  basins  are  equipped  with  a  standpipe, 
acts  as  plug  and  overflow  at  the  same  time.  In  Fig.  85  «aA 
arrangement  is  shown  ;  the  bowl  presents  no  irregularities  of  suAtt, 
not  even  a  plug.  The  standpipe  />,  enclosed  in  the  pipe  P,  acts  as  i 
valve  when  it  is  dropped  into  place,  and  the  surplus  water,  rising 
between  P  and  p,  escapes  through  the  holes  in  the  upper  extremitr  rf 
p.  The  device  is  lifled  by  a  knob,  and  is  kept  off  the  seat  by  man 
of  a  bayonet  catch.     In  the  illustration,  the  plug  is  off  the  seat 

The  principal  objection  to  this  form  of  waste-valve  is  that  the  ootki 
is  situated  at  a  considerable  distance  from  the  outlet  of  the  bowl,  and 
the  entire  surface  between  these  two  points  is  certain  to  become  fooL 
Furthermore,  small  bits  of  lint  and  hair  are  likely  to  be  deposited  neir 
the  seat  and  cause  it  to  leak  so  rapidly  that  the  bowl  cannot  hold  water 
for  any  length  of  time.  A  better  form  is  shown  in  Fig.  86.  Here 
the  standpipe  overflow  has  its  seat  directly  in  the  outlet  of  the  baan, 
and  may  easily  be  got  at  and  cleaned. 

Bathtubs. — Bathtubs  are  made  of  various  materials  in  a  number  of 
forms.  The  finest  grade  of  tubs  are  made  of  porcelain  or  of 
earthenware  with  a  heavy  enamel  of  porcelain.  They  are  made  ia 
various  shapes  and  very  commonly  are  decorated  somewhat  omatdr. 
They  are  very  heavy  and  quite  expensive.  The  plainest  varieties  have 
most  commonly  the  shape  shown  in  Fig.   87.     They  are  usually  set 
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sr- 


Porcelain  or  iron  bathtub. 


upon  slabs  of  marble.  Tubs  of  iron  with  a  lining  of  porcelain  enamel 
also  arc  made  in  this  form.  These  are  open  to  the  objection  that  tbe 
enamel  is  chipp(Kl  off  very  easily.  Within  recent  y«irs,  a  cheap  fc^ 
of  tub  in  this  shap(\  made  of  onlinar^'  tin  plate,  has  been  intn)duceil. 
In  spite  of  the  iron  frame  with  which  it  is  surrounded,  it  is  constnicteu 
very  flimsily. 

The  commonest   form  of  bathtub  used  in  this  country  is  inadc<" 
tinn(Hl  and  planished  eopjxT,  wei^hin^   from    10  to   24   ounces  to  the 
s(jnare  foot.     In  Fi^.  HH,  this  form  of  tub  is  shown  in  vertical  section. 
Inasmuch  as  the  copper  is  to  all  intents  and  purposes  the  lining  of  » 
box,  it  is  necessar}',  for  the  sake  of  appearances,  to  have  an  outside 
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the  whole,  this  form  is  m  no  way  superior  to  the  ordinair  8tuidiif| 
overflow,  but  possesses  certain  disadvantages  which  do  not  applj  tt 
that  device,  which  can  be  removed  completely  from  the  oud^  each  ton 
the  tub  is  emptied. 

Other  forms  of  baths,  including  the  sitz-bath,  foot-bath,  diofah 
bath,  douche,  and  needle-bath,  and  bidets  are  found  ordinarily  oilf 
in  the  very  elaborately  fitted  bath-rooms  of  the  very  wealthy.  Al 
plumbing  appliances  pure  and  simple,  they  possess  no  special  bjgieiK 
interest,  the  matter  of  w^aste-pi[)es,  trapping,  etc.,  differing  in  no  cswh: 
tial  respects  from  what  has  been  described  in  connection  with  oAtc 
fixtures.  The  shower-bath,  which  consists  mainly  of  a  large  sprinUoj 
from  which  water  is  delivered  downward  in  fine  streams,  is  veiycoft^ 
monly  set  above  the  ordinary  bathtub,  with  a  screen  of  wood  or  caH 
tain  of  rubber  cloth  or  other  suitable  material  to  prevent  splashing  Ai{ 
floor.  Smaller  arrangements,  consisting  of  a  sprinkler,  such  as  is  ifr^ 
tached  to  the  nozzle  of  a  watering-pot  and  a  rubber  tube  to  conoflO^ 
with  the  faucet  of  the  bathtub,  are  verj'  commonly  used.  If  d^sin^ 
the  rubber  tube  may  be  attached  to  a  mixing  pipe,  which  in  its  ton  il 
attached  to  both  oold  and  hot  water  faucets,  and  thus  the  tempentan 
of  the  shower  may  be  regulated. 

Sinks. — Under  sinks  are  included  pantry  sinks,  kitchen  sinks,  aal 
slop  sinks.  These  are  made  of  various  metals,  including  cast-iiMS 
enamelled  iron,  steel,  and  copper,  and  of  soapstone,  slate,  earthenwtti^ 
and  porcelain. 

Cast  iron  is  easily  kept  clean  with  ordinary  care,  but  on  account  rf 
danger  of  the  breaking  of  dishes  and  other  articles  which  are  wafW 
or  otherw^ise  handled  in  them,  a  grating  of  wood  not  uncommonly  is 
laid  on  the  bottom.  This  easily  becomes  foul,  particularly  if  it  i?  al- 
io weil  to  stand  in  the  wet  sink  when  not  in  actual  use.  All  such  grat- 
ings should  be  kept  scrupulously  clean,  and  when  not  actually  DeeW 
in  the  sink,  should  be  hung  up  in  the  air. 

Enamelled  in^n  is  much  more  desirable  than  plain  iron,  and  presents 
a  much  better  appearance.  Unfortunately,  however,  the  enamel  is  very 
easily  cracked  and  detached. 

Steel  sinks  are  not  so  durable  as  ordinary  cast  iron,  but  theyai« 
light  and  cheap.  They  are  \qv\  conmionly  enamelled,  and  then  thef 
are  necessarily  ()i)cn  to  the  objection  above  mentioned. 

Tinned  and  planished  copj)er  is  much  used  for  pantrj^  sinks,  wbicn 
are  made  commonly  with  rounded,  but,  better,  with  perfectly  flat  bot- 
toms. The  copper  should  have  a  weight  of  not  less  than  18  to  2* 
ounces  per  square  foot. 

In  some  quarters,  soapstone  is  the  favorite  material  for  kitchen  sink. 
Ordinarily,  it  is  quite  durable,  ])articularly  if  it  has  been  subjected  to 
a  preliminary  oiling,  but  some  specimens  show  a  tendency  to  Jismte- 
grate  very  rapidly,  and  to  become  so  pitted  as  to  present  a  honeycombed 
appeanince. 

Fkrthenware  sinks  are  thick  and  heavy,  and  present  no  advantaged 
over  soapstone. 
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PorctOslin  h  expen^We,  and^,  if  thin,  h  easily  broken.  It  is  not 
exteiisivt'ly  iift^ed  in   nnlinary  ^iiiks. 

All  -sinks  shonliJ  Ue  proviJtMl  with  a  not  too  fine  stniiiier  over  tbe 
outlet.  Kitchen  and  pantry  .sinks  are  connei'terl  Ix'st  with  a  grease 
trap.  The  eommon  praefi^'e  of  eonstructiu^  eupboanls  or  elosets  be- 
neath sinks  ahouhl  l»e  (listHturaged^  since  these  spacX'S  are  commonly 
niaintaincil  as  <'hitter-lioIes  in  which  to  8t4>re  unwaslKxl  pots,  kettles, 
and  other  utensils,  which,  in  uiu'lean  condition,  would  not  be  tolerated 
in  positii>ns  where  they  are  oj>en  to  ins|>ection. 

House -maids'  sinks,  commonly  known  as  slop  sinks,  are  Icx^ted 
irenemlly  in  small,  dark,  nnventilated  closets  in  the  upjH^r  story* 
This  form  of  iixtun*  is  made  ratlirr  det^per  than  ;oi  ordinary  shdv,  and 
is  Sianctimt^  slia])ed  like  a  h*>]>j>er.  They  are  made  Ix'st  with  a  tlnsh- 
ing  rim,  which  will  assist  in  keeping  the  entire  surface  eletin  and  free 
from  odor.  On  aeenunt  of  thr*  nature  of  the  refns*'  jwajred  into  thcso 
receptacles,  and  because  of  tbe  gi-eat  probability  «»f  tbe  cMXiurrence  of 
splasiiing  wlien  vt^sscls  are  emptied,  these  sinks  are  often  extremely 
fijul,  and  tlie  closets  in  wliieh  they  are  placed  are  then  always  neces- 
sarily otfeusive.     The  greatest  aire  is  necessary  to  insure  cleanliness. 

LaiUldry  Ttlbs. — Laundry  tults  are  made  of  practical ly  the  same 
materials  as  sinks.  The  cheji|K*st  kind  is  made  of  stout  planking 
with  well -fitting  joints  drawn  tight  l>y  iron  bolts.  This  form  is  not 
ver\^  durable,  sim^  the  alternate  drying  and  wcttitig  souii  ruins  tlm 
joints  and  causes  the  woml  to  drcay.  Those  made  of  p<jreelaiu  and 
earthenware  arc  heavy  and  cxp:Misive,  but  are  very  durable  and  readily 
kept  eh^in.  The  soiipstone  tul>  is  regai^led  geiicndly  as  the  most  satis- 
factory, Imt  it  should  be  made  of  material  of  tbe  best  quaHty,  since 
otherwise  it  is  liable  to  chip  and  enick  off  from  constant  contact  with 
hot  water.  All  enamelled  tubs  arc  likely  to  lose  their  enamel^  which 
Is  se|janited  easily  from  the  metal  and  chipjM/d  otf. 

House  Service  Tanks. — W'itli  most  j>luinbing  systems,  it  is  essen- 
tial that,  in  the  upi>er  part  of  tbe  huililing,  ab<jve  the  highest  fixture, 
there  shall  l>e  a  s^u'vice  tiink  io  fecil  the  hi »t -water  boiler  aiul  the  vari- 
ous flushing  cisterns  connected  with  water-4'losets  and  other  fixtures. 
These  tanks  are  commonly  |>!aee<l  in  J>o^itions  where  access  to  them  is 
not  easy,  and,  in  consequcuct*,  they  ai*e,  as  a  rule,  examined  very  infrt^ 
qncntly.  No  matter  how  carefully  they  are  covered  and  regardless  of 
the  kind  of  water  that  etiters  them  for  stiimgc,  tbcy  accumulate  more 
or  less  dust^  dirt,  organic  matter,  and  otiier  sediment.  All  this  adheres 
t^i  and  accumulates*  on  the  iMittom,  forms  a  >ilimy  coat  upon  the  sides, 
ami  there  rt»mains  until  removed  hy  some  ex  tern  id  ioR*e.  It  is  hardly 
newssary  to  Siiy  that  this  condition  sliould  not  be  permitted.  Tbe  tatik 
sbouhl  be  iuHj)ected  ptTimlically  an<l  thoroughly  deaneil  Fortunately, 
it  is  nfMtiier  necessary  nor  cnsfouiary  in  ordinary  dwellings  to  use  water 
frrmi  the  service  tiink  either  for  drinking  or  for  cooking,  since  the  cold- 
water  service  pipes  connect  directly  with  the  street  main,  and  are  tap]M3d 
at  intervals  with  faucets  and  terminate  at  the  tank,  where  their  tlelivery 
is  reguhLttM.1  by  means  of  b;dl-co(*ks.     Inasnmt^h  a.s  the  water  from  the 
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tank  is  not  used  for  drinking  and  cooking,  excepting  in  bouses  wAtm- 
nected  with  the  public  supply,  but  ser\'ed  from  a  tank  filled  periodicdir' 
by  pumping,  it  makes  no  very  great  difference  from  a  hygienic  stuo- 
point  of  what  material  the  tank  is  built.  A  very  good  tank  is  made 
of  riveted  iron  plates  lined  with  cement  of  proper  quality.  Wooda 
tanks  are  much  used,  and  give  satis&ction  if  they  are  kept  full  ui 
clean.  The  tank  which,  on  the  whole,  is  most  satisfactory  is  constradri : 
of  wood,  with  the  sides  secured  to  the  ends  by  long  bolts,  and  liurf 
with  tinned  copper  of  good  weight.  Lead  forms  a  poor  lining,  for  k  ii 
corroded  easily  by  water.  Galvanized  iron  and  sheet  zinc  also  jaiat\ 
poor  lining  matenal.  In  large  office  buildings  in  which  all  the  fixtora^ ' 
including  those  from  which  water  for  drinking  is  obtained,  are  sappM' 
from  a  main  tank  in  the  upper  story,  it  is  advisable  that  the  lining  of  • 
the  tank  should  be  of  tinned  copper,  and  under  no  circumstances  shooU 
it  be  of  lead. 

Service  Pipes. — ^The  method  of  installing  the  water  8er\iee  k  of 
slight  interest  to  the  hygienist  and  requires  no  discussion,  the  nature 
of  the  pipes  having  been  considered  in  another  chapter ;  but  there  ii 
one  minor  trouble  connected  with  them  which  may  be  a  cause  of 
great  annoyance,  especially  to  persons  of  nervous  or  irritable  natoWi 
This  trouble  is  commonly  known  as  water-hammer j  and  is  sometbiif 
more  than  an  annoyance*,  since  its  occurrence  has  a  weakening  effert 
on  the  entire  pii)e  system.  This  is  the  quivering  and  rattling  thai 
occur  from  end  to  end  when  the  current  of  water  within  them  » 
checked  suddenly  by  the  quick  closure  of  a  cock  or  valve.  In  ord«r 
to  prevent  this,  it  is  iiec^^'ssarv  to  make  some  pmvision  for  a  cushioo, 
j)arti(»ularly  where  the  water  pressure  is  very  great.  This  not  infre- 
<juently  runs  as  hi^li  as  a  hundred  ])ounds  to  the  square  inch,  and 
even  higher.  To  cushion  the  blow,  an  air  chamber,  commonly  maJc 
by  turning  the  pijK*  upwartl  for  a  foot  or  two  above  the  c(x?kj  is  uj*i 
This  extension  will  at  the  outset  contain  a  volume  of  air,  whick, 
on  being  conipresscKl  by  the  foivc  of  the  water,  makes  an  elastic 
<nishion.  Sometimes,  however,  the  air  originally  contained  become* 
gradually  absorl>ed  by  the  water  which  is  driven  into  the  chamb^i 
and  thus  it  bwonies  replaocKl  by  water  and  the  cushion  is  dt^troved. 
Jn  such  an  event,  it  is  well  to  shut  off*  the  water  and  empty  the  pi[*s 
so  that  air  may  agjiin  fill  the  chanil)er.  Another  form  of  air  chamber 
r<'eonnnend(Hl  is  made  by  extending  the  pipe  with  a  piece  of  lar^pr 
<liani('ter,  covered  at  the  top  with  a  tightly  fitting  screw  cup.  Within 
this  extension,  may  he  plaecnl  two  or  more  rubber  balls,  ujwn  which 
the  force  of  the  blow  of  th(^  water-hannner  may  be  expendwl. 

Wat(»r-hammer  of  a  most  annoying  and  jH»rsistent  kind  is  occasioned 
often  by  the  too  easy  movement  of  a  light  ball-<50ck  contnJIing  * 
<'urrent  of  hitrji  pressure  in  a  small  tank.  For  example,  the  water  in 
th<^  tank  becomes  lowered  tlirou^Ii  the  use  of  some  fixture  l)elow,  the 
ball,  floating  on  the  surface,  opens  the  valve  of  the  cock,  and  water  k 
admitted  to  take  the  ])hiee  of  that  which  has  l)een  drawn  off.  The 
water,  entering  with  much  force,  sets  the  whole  contents  in  motion. 
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ball  is  thrown  up  and  shuts  off  the  water  with  great  suddenness 
fidls  again  ;  another  jet  of  water  is  thrown  in,  and  thus^  with  alter- 
quick  jets  and  movement  of  the  ball^  the  hammering  continues, 
finally  the  level  of  the  water  has  been  restored  to  its  original 

Testixig  Plumbing. — Tightness  of  joints  throughout  a  system  of 
nbing  may  be  determined  in  several  ways.     For  testing  the  joints 

'  soil-pipes  and  main  drains,  a  most  important  and  searching  test  is 

known  as  the  water-pressure  test.     This  is  applied  before  any 

have  been  joined  to  the  wastes  and  soil-pipe.     All  outlets  are 

with  appropriate  plugs,  made  for  the  purpose  and  kept  in  place 

'  means  of  bolts,  and  then  the  entire  pipe  with  its  branches  is  filled 
water.  Should  there  be  leaks  in  any  part  of  the  system,  the 
Bet  will  be  made  manifest  by  the  sinking  of  the  water,  and  the  points 
H  escape  may  easily  be  found  on  inspection. 

•  The  other  methods  applicable  to  the  entire  system  include  the  smoke 
tint  and  the  peppermint  test.  In  the  smoke  test,  the  system  is  filled 
,"Trith  smoke  by  means  of  a  device  known  as  an  asphyxiator.  If  leaks 
^ttist,  the  fact  will  be  made  evident  in  two  ways  :  first,  to  the  sense  of 
tndl;  second,  to  the  sense  of  sight.  Besides  the  asphyxiator,  a 
jSmber  of  other  devices,  including  the  smoke  rocket,  have  been  in- 
cited* The  common  method  of  testing  plumbing  in  this  country 
Ji  known  as  the  peppermint  test.  For  this  test,  the  presence  of  two 
fersons  is  necessarj' ;  one  to  apply  the  peppermint,  and  the  other  to 
detect  its  presence  in  the  air  of  the  building.  About  two  ounces  of 
«1  of  peppermint  are  used  for  each  stack  of  soil-pipes.  This  very 
longent  oil  should  be  carried  through  the  house  in  very  tightly  corked 
▼iak,  in  order  that  no  odor  shall  be  given  off  in  transit.  The  vent 
openings  are  closed  first  with  plugs,  and  the  oil  of  peppermint  is  then 
poared  into  the  soil-pipe,  and  is  followed  by  a  quart  or  two  of  hot 
Uter,  to  assist  its  volatilization.  The  outlet  is  then  closed  securely. 
On  account  of  the  clinging  quality  of  the  odor,  the  person  who  emp- 
ties the  peppermint  should  remain  on  the  roof,  with  the  scuttle  closed, 
'wtil  thorough  inspection  of  the  premises  has  been  made.  The  vapor 
rf  the  oil  permeates  all  parts  of  the  soil-pipe  and  its  connections,  and 
Bi  case  of  defective  seal  or  any  other  imperfection  in  the  system,  it 
ttcapes  and  makes  its  presence  known  in  the  rooms  through  its  effect 
<M»  the  sense  of  smell.  During  the  examination,  it  is  important  that 
^  water-closet  be  pulled  and  that  no  bowl,  hath,  or  sink  be  used, 
«>nce  thereby  the  whole  of  the  pepi)ermint  may  be  driven  out  of  the 
Vstem  into  the  sewer. 


CHAPTER   VI. 


DISPOSAL  OF  SEWAGE. 

The  conipnsition  of  si^wiige  Viirit's  arf'onling"  in  the  character  < 
community  Uy  whicli  it  h  pviMluvvd,     To  the  lav  miiul,  the  word  ( 
veys  the  idea  of  a  luixtUR^  of  urine  und  feces,  paj»cr  and  burnt  iiuitrli 
with  waste  from  baths,  wash-stands,  huuidries,  and  kitchen-siaks; ' 
is  urdiuan'  domestic  se\vagt:^»  an*l  may  be  taken  as  the  tyfte  of  ftru 
of  districts  that  are  ijurely  resident iaJ.      lint  the  sewajL:;e  of  a  large*  di 
munity  in  which  all   manner  itf  inaunta*  tnring  is  carried  on  is  im 
sjirily  of  a  most  complex  character,  i-ontaining,  as  it  does,  in  additinn ' 
Uy  domestic  waste,  tiiat  which  is  inscjmrahly  connet^tcfl  with  th»' v  -^  ' 
industries.      Moreover,  it  is  ever  changing  with  incrt^ase  and  dim 
and  ehiinges  of  all  kinds  in  manufacturing  activity. 

Establislnnents  like  pa|KT  mills,  tanutTies,  dyt^hnuses,  and  wcnJIcn- 
mills  produce  enormous  amounts  uf  sewage.  In  fact,  a  single  one  i* 
quite  wipable  of  pnxhu-ing  as  much  as  that  of  a  fairly  large  town,  awl 
such  mannfactnring  sewage  otten  contains  tnui-h  nH>re  orgruiic  and  t>llj<r 
matters  tlian  domestic  sewag«%  which,  in  inirely  residential  liistrictsi* 
of  fairly  constant  com|Kjsition,  and,  wheiX'  the  water  supply  is  ab 
dant,  contains  but  a  snuill  fniction  of  1  jier  cent,  of  oi^gaiiic  matt 
Bnt  it  is  in  this  ver^^  small  iiercentage  that  the  c^ij^acity  fiir  pmdo 
miscliief  ivsides,  for  the  most  important  i-onstitnents  i»f  sewage  I 
those  which  in  any  way  nuiy  be  the  i'Jiust;,  direct  or  indirect,  of  injuri« 
effects  on  health — that  is,  organic  matters  conntx^teil  with  infe 
diseast^s,  and  hence  nuistly  to  be  found  in  <»rdinary  domestic  wastt 
Industrial  sewage  is  of  secnndaiy,  liut,  nevertheless,  in  mauy  way?t( 
great,  importance,  for  its  nature  nuiy  W^  such  as  to  make  S€|janite  trtil 
mcnt  Dcccssary,  because  of  it^  action  on  the  life  of  tish  in  rivers,  i 
on  that  of  the  organisms  which  bring  about  jmrification  by  tueth 
to  be  dcscrilH'iL  It  may  contain  all  manner  td*  chemiails,  dy<>tu8 
and  other  matters,  and  hv  repugnant  tr»  sight  and  smelL 

The  inip<u^tun(X'   td"  removal  and  disposal  of  tilth  ncetls  no  elucitl 
tion.     Removal  should  he  speedy  an<l  final  disposal  so  thorough  il> 
remove  completely  the  possibility  of  injuriously  affecting  health, 
should  not  be  stored  on  the  preniises  in  ct'Sspcuds,  as  is  so  citiunioa 
tlie  practice  both  in  small  and   in    many  large  and   densely  pc»pulati 
places,  whether  these  be  of  the  leacliing  scut  which  drain  their  cawte 
constantly  into  the  snlisoil,  or  the  far  less  objectionable,  but,  nevcrtol 
less,  objectionable,  tight  pits  with  cemente<l  sifles  and  bottoms,  in  whiT 
the  contents  are  always  in  a  ci^ndition  of  putrefaction.      The  use  of  1    _ 
fiort  necessitates  oiore  or  less  fret^uent  emptying,  which,  unless  done  by 
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iKlorl«5s  exravatirm  **  siirtitm  ajipanitus  (aritl  «(Kiit'tinR's  evon  tlieii), 
leg  rii^e  to  intolernhic  steiiclu  ii(*t  roniiiitMl  tn  t\w  nnmvd'mit'  nv\ji;UUitY^ 


but 


ui*i^etMin 


[itvA 


HVi-r  a  w  i<lt'  arm 


U  will  Ix"  .*jlni\vn  later,  tVe.'^h  sewage  may  Im*  tlispostnl  of  .sj  as  tu  li>se 
i  chamet4?r  etmiplftely,  without  unikT^^oiiig  the  processes  which  v\ t* 
[ite   collectively   as   piitrciliction,      Itis   organic    constituents   are 
i|j<iii  l*y  rnitTr>H!rgaiiisiiis  which  work  in  thr  |ircscnce  of  air,  uikI 
Hin*  are  coovert<K!   to  iiiottrn^-ive  harmless  pnxliict,s  wljtch  pits.ness  the 

flitiiuial  [>ro[>erty  of  being  invuliiahlc  plant  foods,  such,  for  iustancr, 
tlie  nitmtes  of  |xitassiuni  and  stKlium.  But  when  Hlth  is  Ci>nservcd 
pit*  so  that  only  its  nppi-r  snrlacr  is  exj>osc<l  t<»  the  oxygen  (>f  ihe 
Btr,  its  <Jecrmip<Jsitio»  is  ctfecte^I  hy  a  variety  of  orpinisms  i*f  a  difHr- 
•ntclas-.,  which  work  without  atr  and  prinhiw  entirely  diHereut  eheiii- 
ical  nmi|iouiHls,  including  hydrogen  sulphiile  aral  otlier  huisonie  htHjics. 
-Altlmngli  scwjigc  which  has  undergone  ptitrefaetive  eliangc^  may  yet  i>e 
«€teil  U|KJU  by  tlic  Iwnciiccnt   uitrityiug  nrganisiu^j  it  is  best  to  gt4  rid 

tit  U'forc  such  changes  beeoino  advancctb 
Jdbre  finK'i'CHling  to  the  eousiderati<ui  of  the  various  tnethiKl«^  of 
[Hisal  of  excreta  aud  other  wastes,  it  may  Iw  well  to  look  into  tire 
matter  fn>m  an  econouuc  stand[H)iut.  It  i^  very  coninioidy  the  C4ise 
that  the  question  of  methiKls  to  be  a«l(*pt«'d  is  inrtucnccMl  largely  by  the* 
hirpe  iff  gtiin,  for  it  is  axiomatic  in  the  miutis  of  many  that  municipal 
fiewaj^'  18  prjssessed  of  surh  immenst^  raanurial  viiUie  that  its  dis[K>sal 
wieh<HU  previous  treatment  for  tlic  jjuqwise  of  ^claiming  its  valualilc 
cniiHtitueuts  is  sinful  wa^stc fulness.  This  irlea  has  doubtless  never 
Wvn  rnoff*  forcibly  exprcssid  than  l>y  A'^ii'tor   Hugo,  in   thc^  folh>wiiig 

*^  Paris  casts  twenty-fi%^e  miltions  of  fniiics  annually  into  tli<*  sea  ;  and 
Wt' jishcrt  this  wit  h«  all  smy  rneta[»lior,  IIf>\vso,  and  in  what  way?  By 
(hy  and  nighL  For  wirat  olijeet  ?  For  no  objiH't.  With  what  thought  ? 
Wiibdut  thinking.  With  what  iibjtH>t?  None,  fly  means  of  what  organs? 
1 1'*  intestines.  What  arc  its  intestines?  Its  sewers.  Twenty- five 
inillmns  are  the  most  nuKlcnite  of  the  ap|>rfhxiniative  amounts  given 
i>y  the  c-stimatcs  of  nnwlern  seiencc.  S*ic*nee,  aftvr  groping  for  a  long 
limi',  knows  now  that  the  most  ft^rtilizing  an*l  etfet'tivc  of  maunivs  is 
kuinan  rnnmire.  The  Chinese,  let  us  say  it  to  tair  slmme,  knew  this 
More  wc  did  ;  not  a  Chinese  jK-asant — it  is  Eckclwrg  who  states  the 
w — who  giK's  to  the  city  but  Irrings  at  cither  t*n(l  of  his  lutmlioo  a 
Wkef  (nil  of  what  we  eall  filth.  Thanks  to  the  human  manure,  tlie 
«>»l  in  China  i.-.  ntill  as  youthful  as  in  the  ilays  of  Ahniham,  and  Chi- 
noe  whc^t  yields  just  one  htnulred  and  twenty  f<)ld  the  sowing.  Tlicrc 
^  no  guano  compara!»!e  in  fertility  to  tlie  detritus  of  a  capital,  juul  a 
'ai^  city*  is  the  strongest  of  sterconiries.  To  em]iluy  the  town  in 
'iiiinuring  the  plain  woukl  \w  rn^rtain  success  ;  for  if  g<jhl  l)e  flung,  on 
ttie  ottier  hand,  <iur  dung  is  gohl. 

"What  is  done  with  this  golden  dung?     It  is  swept  into  the  gulf. 
We  »eiid   at  a  great  exj>rnse  tlwts  of  ships  to  collect  at  the  southern 
*  Lea  MiMenilileH,  [mn  5|  tHXik  2, 
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pole  the  guanu  of  ]>etrels  and  jMMii^iiiiis^  and  tui-st  iiit«  the  sea  the  iucal- 
euluble  eleiiiL^ut  oi*  wealth  wUlcU  we  have  under  our  hand.  All  the 
IjuiJian  and  animal  manure  wiiieli  the  world  lo.ses,  if  returned  U^  land, 
instead  of  Ijeing  tfu^own  intn  the  sm,  would  suttiee  to  nourish  the  world. 
Do  you  know  what  thi^se  piles  of  urdnre  are,  eollc^'ted  at  the  eornei> 
of  streets,  thi»se  eurts  of"  nnid  airried  off  at  night  tVoui  the  .streets,  the 
frightful  barrels  ol"  the  night^man,  and  the  fetid  .strei-uuH  of  siihterra- 
nean  iniul  whieh  tlie  [mveuieut  conceals  from  you?  All  this  is  ii  flow- 
ering field,  it  is  greeJi  grass,  it  is  mint  and  thyme  and  sage,  it  is  game, 
it  is  eattle,  it  is  tlie  satistied  lowing  of  heavy  kine  at  night,  it  is  \wr- 
funied  hay,  it  is  gitdiil  wheat,  it  is  bread  on  your  table,  it  is  warm 
blood  in  your  veins,  it  is  health,  it  is  joy,  it  is  life. 

**  So  desires  tluit  mysterious  ereatiou*  whieh  is  transfiirmation  of 
earth  and  trausUguratinn  in  heaven  ;  restore  thi>  ta  the  great  crucible, 
and  your  ahundanee  will  issue  fnim  it,  for  the  nutrition  of  the  plains 
jn-ixloees  the  nourishmont  of  men.  You  are  at  liberty  to  lose  this 
wealth  and  eousider  me  ridienlons  into  the  liargaiu  ;  it  woidd  be  the 
masterpiece  of  y*jur  iguomnc*t^  Statistics  have  eideulate<l  that  Frant^* 
alone  pours  every  year  into  the  Atlantic,  a  sum  of  half  a  inillianl. 
Nute  this  ;  with  these  live  hundred  millions,  one  quarter  of  the  ex^»eiise« 
of  the  budget  would  be  paid." 

Concerning  the  fertilizing  value  ni'  human  excreta,  there  can  be  no 
d*Hibt  ;  but  when  tliese  are  dilnti'<l  tn  sueh  an  extent  that  their  org^inic 
constituents  amount  to  less  than  a  thousjindtli  j>art  i»f  the  whole,  it  nat- 
ural ly  follows  that  to  reclaim  them  in  conceiitnat^Hl  form  involves  an 
ex f>eusc»  which  tnay  In-  far  in  excels  of  their  valne.  A  substance  which, 
in  band,  is  of  iiUrinsie  value,  may  be  sn  sitnat^-d  that  its  ac<[nisition 
l>y  ordinary  known  means  eannot  Iw  jnstiliHl  lu^'anse  of  the  attendant 
{RfUuiaiT  risk,  and  tlien,  and  until  other  better  means  are  devised,  it 
is  pmetiwilly  worthh^ss.  For  exann>le,  many  districts  aboinul  in  rocks 
containing  silver^  gi>ld,  and  other  metals,  but  in  such  small  amounts 
tliat  they  eauiH»t  be  wiuked  witli  profit  ;  therefore,  so  far  as  iucrea.*^ing 
material  wmlth  is  c<mcerncKl,  these  ores  might  as  well  l>c  at  tlie  bottom 
i>f  the  sea.  But  in  the  mse  of  stowage,  the  ditliculty  is  increascM;!  still 
farther  by  the  fact  that  the  unuiurial  ]>rotluct  is  not  usable  ou  the  spot, 
but  must  undergi.>  tmnsportiitinn,  whic^b  is  ce>stly  in  proportion  to  the 
distance. 

A  fair  estimate  of  the  value  of  the  mannrial  nnitters  containetl  in  a 
ton  of  crude  sewage  of  averfige  composition  [»laees  it  at  somewhat  less 
than  four  cents,  an  amciunt  so  small  as  to  ajijKtir  worse  than  ridiculous 
when  we  eonsider  that  it  is  diluted  by  a  voIufuc  of  water  equal  to  about 
mx  barrels.  The  value  of  the  sewage  of  cities  with  a  very  abundant 
water  supply  is  even  lesjs  than  this.  Thus,  that  cif  Boston  lias  l»een 
estimatiHl  l>y  the  Massuchiisetts  State  Board  of  Health  to  l>e  about  one 
cent  per  tcm,  and  that  a{*  New  Yc»rk  is  saiil  to  be  even  smaller.  To 
separate  this  small  amount,  tin*  eni[tloymeut  oi' scrme  c^hemieal  is  neoes- 
Htiv\\  The  resulting  compound,  known  as  sludge,  has  a  certiun  value 
in  agricultural  opcmtions,  but  that  that  value  h  not  such  as  to  w^arrant 
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th*^  cost  of  handling  tun\  trtxiispoitatioii,  is  iiiost  evklelit  when  it  is 
stateil  thiil  us  n  rule  it  finds  nu  nmrkct  at  any  price.  In  LuuiliH),  fur 
iiistaiice,  tlnaisautls  cjf  toub  of  wet  sludg<^  are  [inRliK'tKl  every  *1iiy,  im>iv 
than  2, 00 0,000  yeiirly,  and  anybody  who  wants  it  can  have  it  free  of 
eliarjiJ^e  ;  but  nnbiKly  ean^s  emm^b  for  il  to  tniiis|H>rt  it,  and  henei'  it 
has  to  |je  earrii^l  far  out  to  sea  in  Rirrnw  Deep,  tifty  miles  away,  ami 
chinvtK'd. 

In  eonsidfTin^  sc^watriMbsposal,  it  shoul<l  Im'  borne  in  niiud,  thereffire, 
that  it  18  a  ]>ositive  pnl>lie  ueee.^sity  as  niueh  as  piliee  and  dre  jmtrol, 
that  it  costs  uifKU'V,  and  that  it  cannot  \h}  a  source  of  income  over  ex- 
|H*rnUture*  No  eornrnnnity  exiHM'ts  a  jjecnniai'v  return  tm  an  in%'est- 
ment  for  steam  Hre-engines  and  hose  carriages,  or  for  revf>lvers  and 
|wiliee  stations  :  such  are  needed  for  the  pruki^tion  of  life  and  projXTty. 
Ko,  too,  a  system  of  sewem^c  and  sewage  ilis]Misid  is  nwessary  fr>r  the 
prnteetiivn  of  health,  and  is  nt>t  to  be  tri-atcnl  as  th(»ngh  prin^arily  in- 
ten^knl  as  a  Simrce  of  public  revenue,  altlioufrh,  fvf  course,  nny  return 
which  may  he  possible,  either  fn>m  sale  of  sludge  or  emde  stowage,  may 
l>e  regarded  as  a  wele*ime  diminution  in  the  cost  t^f  niaiutenanee. 
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The  methcKl>  »tf  disjwvsid  of  excreta  ami  sewage  iuelude: 
h  Discharge  into  the  sea  or  other  ImhIics  of  water. 
2.  The  *ulry  metbmi/*  or  [iail  system, 
;5»  (Jhemical  treatment. 

4,  Irrigation,  or  "sewage  farming.'* 

5.  Fihnitifju. 

i).  Other  biological  systems. 

K  Discharge  into  the  Sea. — In  eommunitieson  and  near  the  coast, 
it  is  a  cnmpunitively  tjsisy  matter  to  get  rid  of  R'wage  by  discharging 
it  into  the  ocean  and  having  it  cjirriixl  away  by  tlie  outgoing  tide.  If 
it  be  discharged  in  a  fresh  etiudition,  it  becomes  sf»  enormously  diluttil 
in  a  very  short  tinu"  that  only  under  exceptional  cireunistanees  can  k 
C'ver  be  a  nuisan<'e  in  any  way.  Tliis,  of  course,  pmsnpposes  a  reason- 
alile  rise  and  fall  of  the  tide,  and  does  not  contemplate  sneh  slight  dif- 
ferences as  a  toot  or  so.  Witli  sh>w  movement,  less  than  one  and  a 
half  miles  per  hour,  *leposits  are  more  than  likt^ly  t^t  Ik'  forme<i,  and 
nuisance  thus  caused  must  of  necessity  increase  with  time,  and  es|K^ 
<?ially  with  inereai^e  of  sewage  due  to  growing  |¥ypulation.  Thus  it 
haf>|>ens  that^  even  on  the  st^alioanl,  it  may  l)e  necessary  to  purify  sewage 
Ijcfore  discharging  it,  and  the  jvroblcm  of  successful  imd  economical 
puriHcatifMi  may  be  one  of  the  most  diflictdt  and  imjjortant  iti  the  whede 
muge  of  siinitary  science. 

In  inland  e^*mmunities  situated  on  rivers  of  considerable  size,  delivery 
at  a  [voint  Ix^Iow  the  outskirts  is  the  easiest  methiK!  of  sewage  disposal  ; 
lint  other  comnniuiries  further  d(>wn  nuiy  properly  oljject  on  more  than 
•one  grounfl  to  such  action,  for  the  sewage  itself  may  be  a  uuimiucej  and 
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iIm'  river  luay  bv  tlio  t^ounv  of  the  iiiihlic  water  .supply.     H<^^ 
ami  whcav  the  tlfjw  is  ^lu^gi>li  iumI  the  vohime  htuall,  trcatinciit 
dis(*harjre  is    iieeessjirw       Where  tfie  water  into  whieh   tbc  stMrnjir 
delivered  is  tn  hi*  ns»tl  heluw  inrtlu-  puhlicMlrinkinK  hupply,  the|irn 
oC  |niritientir*n   sljcji»!d   lie  sueh  as  to  jt»:ive  the  Tin»st  jwrlVt^t  rf'snll>  |iu 
sible  ;  that   is,  !-houUl  give  an  effluent  whieh  will  TM*t  rd^'^-r  ili 
(>f  the  water  iiijuritrtisly. 

Ill    Until   riviTs    and  harlK*rs,   in  <mh*r    i*)   prevent    nii 
nntrwited   sewaj^e,   the  enrrent  shoukl   l>e  snrtieit'iitlv  vi*hii  l| 

strong  in  athaii  larp'  dilution  and  [>revent   fJefMisitiun. 

2,  The  Pail  System.^ — This  is  limit^^^d  in  its  applittition  to 
disjMKsa!    t*f  excreta   tii   jmils  eontainiog   dr>'   erjrth,   j>wit   prndtT, 
Mtlier  niateriaK   and  altlion^h   it   is  in  njKTatiun   in   ^evoTal  place 
e«*nsuk*ralile  size  in  Kn^laiul  and  on  tlie  Cimtinent,  it  i.s  hc^tti^rmiai 
to    the    needs    of    i^olattil    houses    and    small   villa^s.     It  mti^ 
natural  outgrowth  of  tlie  ver\'  extensive  ad<»pti<»n  «if  tlie  eiirlli-d( 
a   deviee    inventeil    by    the    Kev.    Henry   Monh\  in   which  tbt' 
exereta  are  dis<"har|rtMl   into  a   reee}>taele  of  suitable  sixc  and  cti 
after  eaeb  addition  with  dry  eaith,  jK^at  jiowder,  or  a^hes.     As?  ofli-ri 
necx?s8ar)%  the  pails  are  eollecrtcKl  ami  emptied,  and  their  conteiih^ 
removeil  to  a  lUstanee,  treate<!  or  not  with  ehemieal^i  awonlinjr  l4) 
eiunstanees,  and   liuried  tir  user!  as   niamire.      P>otn  the  fiict  that 
eollertion  is   made  at    night,  arose  the  eommon    term    ittf/ht-^tml, 
later,  from  this  eaie,  anotlier  to  designate  an  impt»rtiint   |>iirt  i»f  hw 
|»himbing,  the  Hoil-pi|>e. 

It  is  a  primitive  sort  of  system,  but  it  has  {nnnt^  in  iu^  t;i\nr3*^ 
well  as  ag:iinst.  It  is  not  ex|KM*sive,  there  is  no  pollution  '•( 
streams,  and  t!ie  man u rial  value  of  faHi^e^  is  not  wa^ttnL  Bat  il 
ret] aires  the  eolleetion,  drying,  and  storage  of  a  large  amount  of  *tf(K 
or  other  materiab  ut^t  always  ea^rV  tti  obtain  ;  the  emptying  <»f  thefui'* 
is  nc^eessiUily  aeeompaiiie<l  by  the  ese*a|>e  of  more  or  lei?i«  inleriit 
may  possibly  give  rise  to  a  miisanee  at  ot  near  the  plac^  of  Una* 
dis|>osal  ;  and  additional  jvrovision  mnst  Ik*  made  for  the  removilrf 
lii|nid  refuse. 

The  materials  used  in  the  pails  are  ehiefly  dr>'  earth  and  fiwit,  Mb 
of  wliieh  siibstanee"-  are  very  ahsf>rlM*nt.  Tlie  earth  is  orflinarily  ••ith''" 
simply  drietl  or  thoroughly  bakt'tb  hut  drying  is  preferable  to  Ijakiu;!* 
bt*c;uise  the  inflnenee  of  the  siiprophytie  bacteria  of  the  soil  h  n«tt 
«lr'stroye<h  The  late  Colonel  \\  iiring  demonstnitt*d  most  eonvin^  '  ;^' 
fire  Vi'iy  great  power  of  air-driixl  soil  to  disjH>se  of  the  orgtini*'  < 
utiits  fvf  fip<-al  matter  so  nearly  (*onipletely  that  hut  an  insij^mtir^uil 
amount  ivinains.  He  kept  two  tons  of  dry  earth  f<»r  a  long  tiint%  UJ^'^f 
it  reix^ateilly  in  e«irthM*losets  and  storing  it  afler  each  p>eriod  of  u«*  in* 
dry  well-ventilated  et'llar.  It  wa^  estimatiHl  tliat  l>y  the  time  it  M 
Iwt'U  used  ten  times,  no  less  than  23t>  pimnds  of  nitrogen  hat!  bct'H 
addinl  to  it,  but  analysis  sinewed  that  lait  8  pounds  remaim**!,  the  rM 
having  lM*eu  restoretl  in  gase'ou^s  form  to  the  atmot^phere.  The  same 
fact  has  been  obgi.Tved  by  Pnifessr»r  Vollcker,  who  found   that  cttitb 


METHODS  OF  .SElVAai'  DISPOSAL, 


4J)3 


wiiijjT  (IricHl  ami  usi^l   tlinx*  times  containeil  j>ractically  no   ivmre 

Xigeii  fliiin  it  1 1  it  I  iiri^innlly, 

Jilt  lia?i  not  only   n-niarkable  power  of  alj.sor|jtiunj  Imt  also  very 

ked  baeterundal  pnij>ertier*.      It  will   ahsitrb  ami   retain  from  nine 

lei|rhteen  timrs  it?*  weight  f»f  water,  it  aets  as  a  ilrodoraut  in  the  s;inie 

BDer  as  cliareoaK  and   it   retains  aninionia  in  apparently  nnclianired 

Ikion.     The  resulting  manure  is  IoiuhI  to  derompose  rapidly,  and 

Ihc  esijMXMally  suiteil  to  sandy  and  li^ht  lotimy  8oil.     ExiX'rinient  lias 

that  neither  the  ty|ihoid  ntir  elioleru  orgtiiiisni?^  retiiin  their  vital- 

'ill  eontaet  with  |K'at  loagiT  than  a  very  ivw  Inuirs,  and  the  same  in 

of  many  other  varieties  of  l»at*tt'ria. 
jSuwtlust  also  is  refommended  fta*  use  in  earth-elost'ts,  and  as  an 
orbcnt  for  urinals  where  then^  is  no  water  snjjjvly.  Ex]>i'rinient** 
jduetfHl  by  Dr.  G.  V.  P(m>r^'  with  various  materials  provetl  its  valne 
the  hitti/r  purjHise  anti  yieldini  intrresting  results,  A  flannel  bag, 
land  a  half  feet  long  and  a  foot  bnwtd  at  tlie  bi^ttoni,  eontaiiiin^  ♦) 
Otis  of  ilry  saw«hirtt,  reeeivtHi  in  the  et*urse  of  two  months  *]IJ  j><»nnds 
f urine ;  after  abiiUt  a  year,  45  pninds  more  were  addetl  during  a 
Boil  of  three  months.  Xotwithistan<liug  that  the  bag  had  btH-onje 
ir»»tten  a^  hanlly  to  hold  togt-thi'i',  the  eontents  wriv  not  in  tlie  h-ast 
sive,  an<l  had  never  given  r>ff  any  offensive  odor.  Of  the  84 
is  of  urine  atldi**!,  rmly  *>  jMiumls  had  filtt-red  tlirnugh,  wliile  the 
t  had  eva|w>rated  or  had  hi-en  retaine^b  The  filtnite  was*lark  brown 
liiolor,  thiek,  and  *>f  high  sptH-iiie  gravity,  bnt  never  oflensive  ;  nor  liad 
rl  dnjwii^  after  lying  about  for  months,  any  tendeney  to  pntrely  or  be- 
ivune  rjrti'usive.  Filtratitui  through  ejtrth,  old  stueeo,  anfl  jieat  ninss 
gav'p  identical)  restdts.  With  fresh  earth,  fresh  stuero,  and  fivsh  ashes, 
tk*  filtrate  was  almost  (*olorless  and  ♦Miorh\'^s,  bnt  the  [>i>w<'r  of  asht*s  to 
givi' this  result  is  short-livMl. 

The  [Kill  system,  wliatever   may  be  sjiid  in  its  favor,  has  had  its  day 

iu  largt*  enmniunitiesj  and  whrn*  it  sttll  obtatus>  it  18  Innng  sn|KTstHled 

LMtlimlly  by  systems  mon-  suitable  and  satisfat'tory. 

BS,  Chemical  Treatme&t.^ — Sewage  dis|>osal   by  ehemieal  treatment 

Tbj*  for  its  objeet  the  sejwinition  of  the  sun jH-ndtn I  matters  and  the  \tm- 

«'tation  and  emisLHinent  sepiration  of  the  pntrrsfible  matters  in 
Itiofi*  The  larger  niassen  of  the  snsjK'ndtd  sulHtanei\s  may,  of 
tw,  1)e  reinovi»d  liy  In-ing  entangloil  in  the  eoagiduin  prodnrr**]  from 
tke  solubh*  matters  liy  rbe  addition  <d"  eht^ndea!  jirrca)ntants.  The 
affluent   shoulcl   Ik*  <4rar,  and   shouhl   eon  tain   a   nrmimunt    of  organic 

Stter  cjijwilde  of  undergtnng  putrefactifm,  Whatever  tire  pre<4pitaDt 
d.  the  prix^t*??  requires  eonstant  and  eareful  su|H'rvisic»n,  in  order  to 
leve  the  b<:*^t  residts  and  to  kvt^p  the  exjwMiditnre  down  t(»  as  lc»w  a 
%iire  !is  is  eonsistent  with  effirieney.  The  sertMnrd  sewagr,  deprive<l 
<ifiU  t?iKirs«»r  niatterw,  is  trt*ated  anrl  tlioronghly  tJiixed  wirli  the*  ehemi- 
cals  in  hirgr  tanks,  and  is  then  passi'^l  into  otiier  tanks,  where  the  pre- 
mpitat<^  i?^  allowinl  to  se|Kirate  by  snbsidenee.  The  sludge  is  removed 
fLud  then  dispoweil  of  in  its  natural  state  or  after  trefUnient  in  hytlruulio 
*  British  Mcdii'ul  Jmrriml,  Aug.ai^  lS\io. 
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presses  for  removal  of  the  water.  The  sewage  should  be  treated  in 
fresh  condition  as  possible  and  before  putrefactive  processes  havebegoi, 
since  when  the  latter  have  got  well  under  way,  the  results  are  never 
satisfactory. 

The  substances  most  used  as  precipitants  are  alum,  lime,  and  femw 
sulphate,  but  which  of  these  and  others  is  the  best  suited  for  the  wolli;,: 
is  a  question  concerning  which  there  is  no  general  agreement  Aim 
and  other  soluble  salts  of  aluminum  have  moderate  disinfectant  proj^ 
erties,  are  not  poisonous  in  the  general  sense  of  the  word,  and  win 
used  in  excess  impart  no  color  to  the  effluent.  In  the  presence  of  line 
or  ammonia,  they  yield  a  very  bulky  gelatinous  precipitate,  whick 
entangles  the  suspended  matters  and  bacteria  present,  and  cania 
them  down,  leaving  a  clear  supernatant  fluid,  which  is  without  color 
or  odor  and  practically  sterile. 

With  excess  of  alum,  the  effluent  is  acid  in  reaction,  and  is  thuscapahk 
of  injuring  aquatic  life ;  but  it  does  not  form  unsightly  compounds  wilh 
sulphur  as  do  iron  and  other  substances  which  form  black  sulpbido. 
Lime  in  the  form  of  milk  of  lime  is  used  extensively  both  alone  and 
in  connection  with  ferrous  sulphate  or  alum.  WTien  used  alone,  it 
gives  a  much  more  bulky  sludge,  which  has  but  slight  value  as  a 
fertilizer.  The  amount  necessary  for  treatment  of  a  million  gallons  of 
sewage  is  generally  stated  at  one  ton,  but  may  be  much  less.  At  the 
precipitation  works  at  Worcester,  Mass.,  for  instance,  during  the  year 
ended  Nov.  30,  1895,  the  average  daily  amount  of  sewage  treated  was 
1 6,000,000  gallons,  and  the  average  amount  of  lime  use<l  per  million 
gallons  was  but  a  trifle  over  1,200  pounds,  while  the  se\^'age  (^ 
Lawrence,  Mass.,  was  found  in  the  exi>eriments  conducted  by  the 
State  Board  of  Health/  to  require  1,800  pounds  for  the  same  amount 
As  a  matter  of  fact,  the  amount  necessary  depends  upon  the  character 
of  the  sewage,  that  is,  upon  the  amount  of  carbon  dioxide  in  it,  for  it 
is  this  which  acts  upon  the  lime  to  cause  a  precipitate  to  be  formed 
Hence  it  may  he  said  that  the  amount  necessary  is  that  which  will 
exactly  neutralize  the  eontaineil  carbon  dioxide. 

Ferrous  sulphate  is  very  rarely  employed  alone,  but  generally  M*itb 
lime,  th(»  two  being  used  in  such  amounts  that  no  great  excess  of  either 
is  left  in  the  effluent ;  and  these  amounts  can  only  be  determined  by 
actual  exjxTiment  with  the  sewage  to  be  treated.  On  this  account, 
precipitation  bv  ferrous  sulphate  is  likely  to  be  somewhat  complicated, 
i)ut  when  it  is  carried  out  projwrly,  it  ap{)ears  to  give  ver^'  good  results. 
The  experiments  conducteil  by  the  State  Board  of  Health  at  the  station 
at  Lawrence  led  to  the  conclusion  that  sulphate  of  iron  alone  acts  best 
among  eheniieal  precipitants.  According  to  Mr.  W.  J.  Dibdin,^  how- 
ever, who,  as  is  well  known,  has  made  extensive  experiments  on  this 
subject,  the  combination  with  lime  constitutes  the  most  economical  and 
most  efficient  ajrent.      An  ex(»ess  of  iron  in  the  effluent  may  lead  later 

'  lu'jMut  on  Puritication  of  Sewape  and  Water,  1890. 
''  Journal  of  State  MtHlicino,  January,  1895. 
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to  an  unsightly  depoj^it  tif  ferniiis  sulphide  ah>ng  the  banks  of  the  stream 
into  which  it  is  eventual ly  disehiir^ti. 

Certiiin  other  eheniieiLl  jirm-esses  hiive  l>een  *v\i*loil<_^l  in  this  eountry 
and  elsewhere,  but  none  (»f  them  apjx'ar><  likely  t<>  be  adopted  extensively. 
Among  them  may  be  mentioned  the  ''Amines*'  process^  in  which  the 
.sewage  is  treattHl  with  liine  and  amines,  ebietly  trimethylaniine,  in  the 
form  of  her  ring- brine.  While  tins  pmeess  gives  satisfaetory  results, 
it  has  certain  drawbaeks^  arntuig  whieh  are  the  difHeulty  of  sec*uring  a 
sufficient  supply  of  the  brine,  the  oftensive  odor  of  the  same,  deteriora- 
tion on  8tonige,  and  possible  influence  on  fish  life.  Another,  some- 
time.s  kntiwn  as  the  **  WtMilf/*  and  sonK^imes  as  the  **  Hertnite/' 
procossj  de|x*nds  up<ui  the  aetion  of  chlorine  compmnds  priKlnetil  by 
ekvtnjlysis  of  sjilt  in  sea- water  or  in  the  sewage  itself.  The  i>rganic 
matters  are  attacked  and  somewhat  diminished  in  amount,  but  tlie 
prineijud  influent^e  is  exertc<l  in  the  dircHjiion  of  steriliziition.  The 
preei pita ti tig  agent  is  fernjns  hydrate,  fi>rmt^i  by  the  at*ti(>n  of  the 
eleetrre  current  m\  iron  [ilates  in  the  tanks.  In  the  so-tudled  A,  B.  C. 
p^K•es^  (ah an,  blo(xl,  and  clay),  a  mixture  of  clay  and  charcoal  is  first 
addetl  to  tlie  sewage,  and  next  a  solution  of  ahim  and  sulphate  of  mag- 
nesiiini.  It  is  an  exjM'Usive  ami  troublesome  process,  and  yields  a  large 
atnoant  uf  sludge,  BhuKj  was  employed  originally,  but  was  found  to 
be  u  n  necessiiry . 

In  all  procej^ses  of  chemical  treatment,  a  more  or  less  complete  tem- 
ponir}'  sterilization  is  effected,  and  this  of  itself  is  often  a  very  serif  jus 
<il>jection,  sine«%  altfiongh  the  eHbii'Ut  when  dis(4iarge<J  may  be  sterile^ 
this  e<niditirm  is  not  lasting,  and  the  orgtinie  matter  still  jiresent  will 
certainly,  s<ioner  or  later,  decompnse,  anil,  |>erliaps,  become  a  st^irious 
nui.sinie4\  The  objection  to  steriHziititm  of  sewage  does  not  extend^ 
of  eours*\  to  the  |withogt*nie  tnu^teria  <>f  infected  faves  and  urine, 
whirl  I  should  be  destroyed  before  entrance  to  tiie  main  IkkIv  of  sew- 
Eige,  but  wholly  to  the  saprophytic  organisms,  which  eventually  de- 
stroy the  organic  matter??  and  convert  them  to  simple,  iiarmlcss 
comjiounds. 

There  is  always  more  or  less  organic  matter  in  t!ie  (affluent,  however 
dear  this  may  Ih^  and,  being  pntreseible,  it  is  certain  to  utidergo 
change.  This  has  Ix-en  demon stnite*!  wherever  chemical  treatment  has 
been  adopteil,  and  it  is  aibnitttHl  generally  that  the  effiuent  cannot  be 
admitted  t<>  water  courses  without  injury  to  the  <]uality  of  the  water, 
both  so  far  as  tisfi  Mfe  and  whnh's^Hucness  for  drinking  are  coneenie<l, 
unless  it  is  first  further  treateil  by  some  l>i<ilogicaI  process,  and  ihcrefjy 
made  cloun  and  hannless.  In  the  wonls  of  Pn»ft«8or  L.  P.  Kinni- 
cult,*  who  has  made  an  exhaustive  stmly  of  ebcniicn!  purification  at 
Wiircester,  Mass.,  and  elsewhere  in  Amerit"a  and  in  Eurc»pe,  *'  We 
belie%'e  wt*  iiave  prjveil  in  Americ^a  ,  .  .  that  by  ctieniit^al  pn'- 
cipitation  alone,  <*ven  with  the  greatest  care,  and  at  an  execssivcly  higli 
cost,  a  filtrate  ciuinot  be  obtaiu4*d  sutHciently  pure  t*^  turn  into  a  water 
course  unless  the  mim'mum  flry  wmther  fl*nv  (»f  tliat  water  course  is  at 
'  Jniirnul  of  lhi^8:uiitury  liistitiili\  Jiin.,  lUCXI,  p.  Ij02. 
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ItJttst  teu  time:^,  aud,  better,   tii'teeu   tiiue.s    the   average    flow    of  tbe 

Action  of  Sewage  EMueiits  on  Fish  life* — It  may  hv  statist!    hn>adjy 

that  **  jniritit^l  '*  sf wii»j^\  wlirii  di></liur^tHl  hito  a  wiiter  e<nii*se,  will  oniL««e 
im^re  luirni  tcj  Hsh  th;in  will  nrrliiiarv  *.'nulf  si'wa^e,  tor  while  all  ehemk^l 
prwiprtaiits  will  either  cause  the  water  to  aet  ns  a  jwiisoii  ur  witliilniw 
it*^  dissolved  oxygi/ii  sti  that  it  will  not  i^iistaiti  lite,  the  elemunt^  of  cnicle 
sewage  may  he  taken  up  j^reHlily  l>y  the  fish  ii^*  valuable  Cinnl  niutoriaL 
AIiU'li  *IejH'ndh,  i»f  rnurs<%   upiti   the   nature   of  the  prfvipitaiit    (irtrnw 
of  theiu  heiu^  more  |>**Ls<aious  than   Hth(*rs),  aud  alsci  ujw»n  it?*  iiniouut  ; 
but    even   when   extensively  flihittnl,   its  artioti    is  distinctly    huriiifuL 
LiuH"    is    supjwisfd   to   aet  by  beiu^  preia|jitatti]   in   the   ^lUs   us  rair- 
b«>nate»  thus   diminishing   the    res[iiratorv  area.       Chlorine,   in    a    fn^ 
^Uite  nr  as  chh»rinatnl  lime  or  soda,  exerts,  even   in  extn*niel\*  cliliitt^ 
condition,  a8  le?^  than  1  part  in  UHJ.noO  of  water,  a  very  fatal    iiiflii- 
enee*      Iron   Kidt.s  aet   not  ojily  as  poisons,  but  tbe  fcrmtis  forms   take 
tip  tbu  dissolved  oxyjiTon  and  bee<iri}e  ferrie  ;  then  thesi'  bt^ennn*  ntxlutx*c] 
and  again  absorb  it,  and   eontinue  in   tliis  way  to  r<tb  the  wati-r  uf  it8 
]>owcr  to  jstistain   the  respinitorv  funetion.      But,  on   the  other   hand^ 
while   frtv^h   H?wagi?  of  ordinary  r*oni|Kisition    18  nought  for  by   many 
,s|iirie>  of  fish  as  a   desirable  f(«id,  jaitrefyiji^  sewa^^:*  will  either  act 
injuriously  on  tish  or  make  the  water  so  rr  |ai|^nant  to  them  as  to  *lrivc» 
them  away. 

4.  Sewage  Irrigation. — In  the  **  broad  irrigJition  "  or  *^se\vage 
farming'*  system,  stnva|!^^  is  utilize*!  lu  the  jirowiug  of  cnt|)s  which 
take  up  and  dispose  rd"  mueli  of  the  water  autl  djssolvtHl  soli<ls,  wbilr, 
at  the  s:inH"  time,  (Kxidaliuii  proet^^^es  in  th*-  inti'istiees  of  the  soil  dc^ti^oy 
the  Imeteria  and  eonvert  the  renraiuiuir  m^^auie  matter  to  simple,  liiirin- 
less  pnxluets.  For  tlie  disjwjsid  of  large  volumes*  by  this  metlKnl, 
very  large  !?ewage  farms  are  refjuij"c*d»  The  nec*es8ar>*  area  will  dejx*nd 
upon  the  nature  of  the  soil,  its  ]K'rnu'abi]ity  and  water  eajMicitjV  and 
Ufkon  the  aiunurit  of  annual  rainfall. 

This  metlHMl  has  l>et*n  adopted  very  exteusively  in  England,  wheiv 
there  are  hundretls  of  sewage  farms,  and  in  (iermany,  Fmne<%  India, 
Americii,  and  elsewliert^;  ancl  everywhere  it  has  been  found  that  no  lintel 
aud  (ast  rules  as  to  area  per  thoustual  »tf  |Mjpid:ttiou  eau  Im^  f  jHowi^mI. 
In  Eughuub  the  idea  ol)taius  very  geuendly  that  eveiy  Ijundre*!  of 
pipulatii*n  will  require  one  acre  of  stowage  farm,  but  this,  it  should  be 
remark^tl,  while  it  may  apply  in  England,  whieh  is  a  niiny  eountrj', 
and  mie  where  domestie  sewage  i^  likely  to  amount  to  inauy  moregjiiions 
per  (*a|iita  than  on  the  Continent,  owing  to  tht*  mtuv  genenil  habit  of 
daily  Inithing,  is  much  in  excess  iA*  aetual  neetl  where  the  soil  is  tnoiT 
suitable  for  the  pin*jwjse,  where  the  niinfall  ib  less  in  amount,  aud 
where  domestie  si*wage  |mt  capita  is  phmIuc^imI  in  smallei'  ijuantitie^. 
Aeeording  t*t  Waring,  (^jn-h  acre  ^»f  a  well-jenulated  (>laul  will,  un<ler 
ottlinary  eonditioiis^  absorb  and  purify  the  sewage  of  2'A)  lo  50**  |H?r- 
K>ns,  and  if  the  soil  be  of  pinms  tine  sand  and  the  (juestion  of  ei'oj>j* 
be  put  hi  the  baekground,  that  of  1,000  to  1/>00*     As  the  jKipulation 
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B,  the  plant  must  be  enlarge^!,  and  hence  it  is  necesHary  to  hold 
nd  in  re8erve  to  meet  future  demands. 

Of  the  verj'  first  importance  is  the  selecrtion  of  a  suitable  tract  of 
■d  for  the  establishment  of  the  plant.  This,  of  cx)urse,  is  not  always 
Bnible,  for  sometimes  no  land  is  available,  and,  again,  such  as  is 
b  baDd  may  be  unsuited  to  the  purpose.  It  should  be  neither  too 
■nneable  nor  too  close.  If  too  coarse,  it  will  permit  the  passage  of 
||0  8ewage  so  rapidly  that  no  purification,  or  at  most  imperfect  purifi- 
jplioiiy  will  occur,  and  the  effluent  will  be  unfit  to  be  discharged  from 
|be  underdrains  into  a  water  course ;  if  too  close,  as  ^vill  be  the 
with  a  very  dense  clay,  the  imbibition  of  water  will  be  so  slow 
it  will  fall  far  below  the  amount  of  loss  by  evaporation.  The 
best  soil  for  the  purpose  is  one  of  sandy  loam  with  fine  inter- 
spaces, which  will  permit  not  too  rapid  percolation,  and  wherein 
^pnx^esses  of  nitrification  may  go  on  most  thoroughly.  Very  dense 
ys  may  be  rendered  suitable  by  the  admixture  of  sand  or  lime  and 
rtile  underd raining,  and  then  will  iKjrform  its  office  in  a  satisfactory 
Bner.  With  a  proper  plant  and  intelligent  sujKjrvision,  the  purified 
makes  a  clear,  bright,  and  practically  sterile  effluent. 
r  In  order  to  awry  out  the  scheme  so  as  to  achieve  the  best  results, 
ik  farm  should  be  divided  into  three  parts,  not  necessarily  of  equal 
*4na  but  of  equal  absorbability,  each  of  sufficient  capacity  for  the  dLs- 
)OBaI  of  the  entire  sewage  of  a  single  day.  Then  each  thirrl  may  be 
^^Morked  in  its  turn,  receiving  sewage  one  day  and  resting  two,  but  the 
^i^MK*ity  of  none  should  be  f)vertaxcd,  lest  the  soil  become  swampy  and 
fflthy,  and  cease  the  work  of  oxidation. 

The  farm  is  laid  out  in  bnvad  ridges  and  furrows,  the  latter  receiving 
Ae  sewage  at  regular  intervals ;  the  crops  grow  on  the  broad  ridges 
ktween.  It  should  be  underdraintKl  naturally  or  artificially  at  a  dis- 
iMioe  of  about  six  feet,  so  that  the  purified  filtered  water  may  be 
nmoved  and  allowed  to  discharge  into  any  convenient  water  course. 

The  amount  of  daily  dose  |>er  acre  varies  very  widely  according  to 
pore-volume,  permeability,  and  rankness  of  vegetation.  On  a  clase 
•oQ  in  a  cold  climate,  but  a  few  thousand  gallons  |kt  acre  can  be  dis- 
darged,  while  on  an  ojx?n  soil  in  a  hot  country  with  rank  vegetation, 
•I  in  Madras,  for  instance,  as  much  as  75,000  gjdlons  diily  will  not  be 
cioessive.  The  chief  cnips  grown  are  cabbjiges,  mangolds,  timothy, 
iTe,  and  other  grasses ;  in  short,  su(»h  as  «ui  bear  hwivy  flo(Kling  of 
die  soil. 

As  r^ards  pn)fit,  it  may  Ik?  said  tluit  this  syst(»m  is  the  only  one 
vkk;h  can  possibly  yield  a  n'venne,  but  this  is  not  due  io  the  suppose<l 
Tilue  of  the  manurial  constituents  of  th(»  sewage*,  but  Xa)  the  water  itself, 
vhich  puts  the  crops  out**ide  tlu*  danger  of  drought  and  Ix'yond  the 
tad  of  rain.  In  some  climates,  crop  follows  (frop  the  year  round,  and 
tbe  annual  yield  is  large ;  in  others,  the  stnison  is  so  short  in  compirison 
tluit  the  yield  is  much  less.  At  tlu*  Ik^rlin  farms,  a  yejirly  yield  of  25 
kfOB  of  grass  per  acre,  equal  to  5  of  hay,  is  n^gjinled  as  large  and 
■tisfactory^  while  at  Krishnampett  in  Madras,  where  eight  crops  per 

32 
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year  are  harvested,  the  output,  according  to  Dr.  J.  N.  CooV  ^w«  ■ 
one  year  69  tons  per  acre,  equal  to  about  23  of  hay,  and  worth  ooilf: 
200  dollars.  The  city  of  Berlin  purchased  and  set  aside  20,000  u 
of  land  for  its  sewage  farms,  and,  notwithstanding  an  outlay  of  n 
than  13,000,000  dollars  for  the  entire  plant,  receives  a  yearly  profit  rf 
60,000  dollars  from  its  operation,  the  labor  costing  nothing  except  &r 
maintenance  of  the  men  engaged,  these  being  condemned  diereto  fir 
various  minor  misdemeanors. 

Whether  there  be  a  profit  or  not,  this  aspect  of  the  question  sbooU 
ever  be  kept  in  the  background  and  the  primary  object  ever  in  view. 
When  the  farms  are  let  out  to  contractors,  it  is  always  advisable,  ail 
even  necessary,  that  they  be  under  the  super\Tsion  of  muniapl 
authority,  to  insure  that  the  public  good  is  not  subordinated  to  priviii 
gain. 

It  is  not  to  be  supposed  that,  even  in  very  cold  weather,  the  use  rf 
the  system  must  be  suspended,  for  when  vegetation  ceases,  the  soil  ooih 
tinues  the  process  of  purification.  At  St.  Laurent  College,  near  Met- 
treal,  for  example,  the  small  sewage  farm  was  found  to  act  effidenllf  ' 
in  disposing  of  the  usual  amount  of  sewage  in  a  January  (1898)  tan- 
perature  of  — 20°  F. 

Influence  of  Sewage  Irrigation  on  Health. — Concerning  the  inflaentt 
of  sewage  farms  upon  the  health  of  those  dwelling  on  and  near  thoiiy 
the  evidence  is  entirely  on  one  side,  and  in  opposition  to  what  would 
naturally  be  supposed  to  be  the  case.  It  is  the  same  from  Berii% 
Paris,  Edinburgh,  and  the  hundreds  of  other  places  where  the  systea 
is  in  use,  and  all  to  the  eifect  that  in  no  way  is  it  injurious.  It  is  tree 
that  not  infrequently  the  sewage  gives  rise  to  more  or  less  disagreeable 
odor,  especially  if  it  be  stored  too  long ;  but  the  fields  themselves  are 
generally  quite  free  from  nuisance,  and  even  though  odor  be  present,  it 
produces  no  harm.  At  the  Berlin  works,  in  a  population  of  more  tloB 
1 ,500,  there  was  one  death  from  typhoid  fever  in  five  years,  the  gen- 
eral death-rate  was  very  low ,  and  the  zymotic  death-rate  exceedingly 
so  ;  in  fact,  during  one  year  it  was  nil, 

C()nij>letc  free<lom  from  infectious  disease  is  by  no  means  unique,  bat 
is,  indeed,  a  common  condition  in  the  experience  of  sewage  ferming. 
At  the  farms  at  Gennevilliers,  where  the  sewage  of  Paris  is  received, 
the  population  is  constantly  increasing,  the  general  health  is  excellent, 
and  the  general  death-rate  is  low  and  continually  decreasing.  An  ex- 
tensive epidemic  of  typhoid  fever  in  Paris  would  be  supposed  to  be  the 
forerunner  of  another  of  greater  comparative  severity  where  it*^  sewage, 
contiiining  all  the  bowel  discharges  and  urine  of  sick  and  well  alike,  is 
treiited,  but  experience  has  demonstrated  that  such  is  by  no  means  the 
case,  for  in  1882,  for  instance,  when  Paris  suffered  from  an  unusuallv 
extensive  outbreak  of  that  disease,  there  was  not  a  single  case  at 
Gennevilliers. 

So  far  as  is  known,  there  is  as  yet  no  proof  that  sewage  irrigatioo 
has  ever  been  responsible  in  any  way  for  the  occurrence  of  extensive 
*  Indian  Medicochirurgical  Review,  Dec.,  1895,  p.  676. 
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llbreaks  of  typhoid  fever,  dysentery,  or  cholera,  or,  indeed,  of  entozoic 
Mlble.  Nor  is  there  reason  to  IcH)k  askance  upon  the  products  of 
{be  fiurms,  despite  assertions  to  the  contrary  based  on  surmise  and 
feexperienoe,  for  the  facts  show  that  grass  and  other  crops  are  of  good 
jpiility,  make  good  fodder,  and  bring  good  results  in  milk  and  butter 
riben  fed  to  cows. 

^  Ferr6*has,  it  is  true,  reported  an  outbreak  of  typhoid  fever  in  a  girls* 
"ing-school  at  Juranyon,  which  was  presumably  due  to  v^etables 
a  garden  watered  with  the  contents  of  an  infected  cesspool ;  and 
localized  outbreak  of  the  same  disejise  due  to  infected  celery 
been  reported  by  the  State  Board  of  Health  of  Massachusetts, 
occurred  in  September,  1899,  at  the  Insane  Asylum  at  North- 
in,  in  which,  prior  to  September  10th  of  that  year,  but  4  cases 
occurred  during  ten  years.     Then  cases  began  to  appear,  and  in 
days  the  number  had  reached  39,  and  later  a  few  more.     Inves- 
m  proved  beyond  reasonable  doubt  that  the  outbreak  was  due  to 
grown  in  beds  which  received  the  sewage  of  the  institution.    The 
of  banking  employed  in  the  cultivation  of  the  plants  made  them 
fcvorable  medium  for  transmitting  the  disease.     It  should  be  noted, 
^ever,  that  neither  of  these  outbreaks  was  due  to  produce  from  a 

fiirm  receiving  the  diluted  sewage  of  a  distant  municipality. 
Aside  from  local  considerations  of  health,  what  are  the  results  at- 
?  This  question  can  be  answered  in  a  few  words.  The  organic 
rs  of  the  sewage  are  destroyed  completely  by  the  saprophytic  bac- 
[Ma,  which  also  dispose  of  their  pathogenic  brethren  ;  the  greater  part 
^  the  water  is  taken  up  by  growing  v^etation  and  evaporated  into  the 
%liiospIiere,  and  the  remainder  in  practically  sterile  condition  sinks  into 
4e  subsoil  or  is  carried  away  by  the  underdrains  and  discharged  into  a 
iHnam.  The  effluent  at  Gennevilliers,  for  example,  is  organically  purer 
Ihui  the  original  water  before  it  becomes  sewage. 

Bie  Waxing  System  of  Inrigatdon. — Irri^tion  on  a  small  scale,  known 
■  this  country  as  the  "  Waring  system,^'  is  resorted  to  very  commonly 
fcr  the  treatment  of  sewage  of  single  houses  and  small  settlements. 
As  began  by  the  Rev.  Mr.  Moule,  the  inventor  of  the  earth-closet,  it 
Us  a  scheme  for  the  disposal  of  the  liquid  wastes  which  could  not  be 
•Wed  for  by  earth-closets.  The  plant  consisted  of  an  open-jointed  tile 
fain  laid  a  little  below  the  surface  of  the  ground,  parallel  with  and 
dose  to  a  row  of  grapevines.  It  was  next  enlarged  by  Mr.  R.  Field 
ly  the  addition  of  a  reservoir  or  flushing  tank,  shown  in  Fig.  90,  by 
Heans  of  which  the  whole  drain  could  l)e  flooded  throughout  and  inter- 
iQittently.  Brought  to  the  notice  of  Colonel  Waring,  he  adopted  the 
Q^Btem  for  his  own  house,  and  proceeded  to  improve  it  in  several  direc- 
fens  and  to  bring  it  into  common  use.  Under  him,  the  system  was 
broogfat  to  its  present  state  of  perfection. 

The  plant  consists  of  a  reservoir  into  which  the  sewage  runs,  a  wire 
turning  basket  to  separate  the  paper  and  other  matters  not  easily 
^idiaible,  an  automatic  siphon  by  which  complete  discharge  is  secured 
'  Annales  d'Hygidne  et  de  M^ecine  legale,  Jan.,  1S99,  p.  23. 
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a8  often  as  the  reservoir  beeoraes  filled,  and  a  gate-chamber  bv 
of  whioh  tlie  H(i\v  i^  (livcitcNl  to  any  of  the  three  outlets,  which  lead  to 
a  uiiniutiire  ^ewuge  furnu  The  drain  pipes  are  laid,  with  o|>eii  joints, 
nt)t  more  than  ten  niches  Ik^Iow  tlie  snrfuee,  and  the  gruuiiiJ  where  thev 
diseiiarge  may  be  u>eil  tur  gius^plots  or  ganlen.s.  The  rt*jj;uItuS  are  nif«s;t 
8iili,silietMry  in  every  way  ;  tlie  organic  wa.stes  are  oxidized  by  the  eoil 
baeteria,  and  the  wat^r  which  ninks  into  the  Bubs^cjil  ih  incafMble  uf 
Ciiiisiug  pollution  e^ueb  a-^  oceun^  when  ees8|>iM>ls  with  oj>eo  bottozu;^  below 
the  zone  of  saprtjphytic  Ijacteria  aro  empluyed. 

Within  reeent  year^,  the  teudeney  has  been  to  do  awav^  ^th  tlic 
drains  where  .sufficient  land  is  available,  and  to  disdmrge  the  sewage 
directly  upon  the  snrfaee.  Frc^^h  sewage  thrown  npongra*8  is  iiiofTeiiBivef 
except  to  the  sigbt|  itnless  deposited  in  such  amounts  in  the  same  place 

Fifi.  90. 


Fkld  Hubohint:  tank, 

as  to  causie  miring  of  the  ground,  cessation  of  oxidation,  and  consequeni 
putrefaction.  It  is,  of  course,  necessary  that  the  screened  matters  he 
removed  fre<piently  and  burietl  or  burned,  and  that  the  reservoir  be 
cleansed  at  regular  intervals. 

5,  Sewage  Filtration.— Tlie  nuthod  of  intermittent  filtration  of 
sewage  is  the  same  in  ]>rinciple  as  tlie  prm^ess  ^h^serib^.Hl  in  the  chapter 
on  Water.  Like  that,  it  is  more  than  a  mechanical  ^epanition  of  siis- 
pi^udtMl  matters  :  it  is  a  proec*ss  of  si^reening,  <>xidatiun»  and  eventually 
ahnost  complete  pnrifiwition,  mueli  like  stowage  irrig^ition*  As  early  as 
183f),  Bronner,  of  Iiei(h4berg,  endi^avoring  to  learn  the  rcjison  why 
the  constituents  of  fertilizers  in  solntii>n  failed  t^>  rejjch  the  deejier 
layers  rtf  the  soil,  filled  a  l>ott!e,  having  a  small  hule  in  the  bottom, 
with  sifte<l  giinJeii  soil  and  poured  in  grjidnally  a  thiek  stinking  mauure 
juice,  ami  observed  the  rliaracter  of  the  etHuent,  wliieli  lie  fuuml  to  be 
almost  fxlorless  aud  colorless,  and  devoid  of  fertilizing  properties. 
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it  the  system  of  sewag*^  purifiaititin  by  this  tiimnsi  had  its  begin- 
within  reeeiit  yt»jirs  {it  the  oxp'rinient  htatimi  :it  Tjawrt-nre  under 
dint^tirm  \\^  tbt*  EDgiiuHTiii^'"  I>r]irirtiniiit  %t^  tlie  State  B*nini  of 
!Xf<Tilth  of  MaKsachust^tts,  and  is  nu\x  iii  ut'tual  use  by  many  nmniei- 
ities  in  tliis  eoiuitry  and  abn»ati.  T!ie  tilkT  beils  are  made  Ijest  (►f 
^nd,  uot  liner  than  0,2  nun.  ^niin  size,  and  gniveb  Onlinarv  Inams, 
iay-i,  anil  pciit  are  pnu'tieally  nseh^-^s  as  tilttTing  materials,  m\  ac^'ouut 
«f  the  diJHi'ulty  with  which  water  |*ast*es  thnaigh  thein.  The  purilying 
«g^nt6  are  the  bacteria  which  are  soon  cstabliHhciI  witliin  the  interstices, 
1  the>M?  include  b<»ih  anaerobic  and  aerobic  varieties.  In  order  that 
fcoth  kitKln  may  (ierf*»nn  their  otfiee,  the  ap}*iieation  of  tlie  bcwage 
^h'lnld  alternate  with  thortMi<T|i  aeratic^n  of  the  bed.  UnU^>*s  the  appli- 
<:atiou  Ije  intermittent,  the  anaen»bic  action  atone  i.s  ene*airageii  and  the 
|irfv*es.s  fails.  When:  mmX  of  tlie  right  *^ort  is  not  obtainable,  many 
^iher  materials  as  coke,  burnt  clay,  coal  thist,  and  cinders,  have  bec*ii 
H-*^*'^!  as  snhstitntes. 

It  is  nnnccessiiry  to  disturb  the  main  b<idy  of  tlie  filter  ut\er  the 
priwvss  has  been  startetl  ;  t>ut  on  accfinnt  of  the  tend*'ney  of  nohd  ma- 
terials, >ueh  a.s  pji|>er,  etc.,  to  accumulate  in  the  upjH'r  layers,  it  is  found 
i>«H-es.siirv  t4>  Hike  or  *lig  over  the  surface  as  often  as  the  indieatiouft 
p*»int  r>ut.  Acciirding  to  >[r.  X.  IL  (foodn(»iigb/  of  the  Enginwring 
l>epartment  of  the  State  BrwinI  of  Health  of  Massachusetts,  the  beds 
<if  friur  of  the  filters  at  the  L;nvn^nce  station,  after  ten  years^  continu- 
OH>»  operatic n»,  nHpiired  imly  a  weekly  raking  and  a  semi-annual  spad- 
ing to  a  depth  of  six  to  eight  ini'hes.  In  tive  velars,  it  ha<l  not  [jcen 
necessary  to  n-move  any  of  the  cloggejl  sand  for  rt*newal  t»f  the  sitr- 
Cftre.  During  the  tt»nth  year,  more  than  90  per  (M^nt.  of  tlic  orgaDic 
tttatter  of  the  very  strong  Ijawrenee  sewnge  was  removed,  and  also  more 
tluin  !*9  |MT  cent,  of  the  t*c>iitaini'd  baeteria. 

[|  has  U'f^n  sfinwn  hy  tlie  ex|Miiments  at  Lawrence  that  100,000 
pillnn^  f»f  rrmh'  stnvage  jmt  day  may  Ijc  purifi*'d  during  all  hut  the 
^>l<li'r  mouths  of  the  year  by  each  acre  of  filter  unih^rdnune<l  at  a  depth 
of  ihrei:  to  Kve  feet.  And  even  in  winter,  there  is  n*)  great  difliculty 
in  »liK|M)viug  of  alm«*st  as  large  vtjiumcs  if  the  Unls  arc  properly  lutiketl 
«ltrf\  :ind  provided  the  sewage  is  delivered  in  large  volumes  at  a  time. 
With  delivery  cif  small  tpiantities,  there  is  mr^re  danger  i>f  freezing. 

It  should  be  home  in  !nind  that  the  sewage  of  many  kinds  of  ma nu- 
Ciitiinng  «'stid»lislyuviits  is  n<*t  suited  tu  sand  filters  or  i>tlier  processes 
wliirh  de[»eud  fur  tli<'ir  ellicieney  on  niiern-Mrganisms,  lieeause  of  con- 
taining ebemic^ds  whiefi  will  destroy  the  life  of  these  necessary  agents^ 
iTlu*:-.  in   tht»  single  industry  i»f  tanning,  at  least   two  substiinces   ure 
I'd  whieli  interft*n»  with  bai'tcrial   gr«nvtli.      in   the   fiivt   [>lace,  green 
^Kiiis  are  ipiit*-  likely  to  be   [trcserved  hv  means  of  ehemif^a!   disinfec- 
tant'* (snMona|>htol),  ami,  in  the  sf^-nntl  pfaee,  when  the  skins  arc  soaked 
pn'fxiratory  to  having  the  hair  remove*!,  largi?  quantities  of  chemicals, 
such  as  arn/nic  snl}>hide  and  lirne,  mixed  tc»gether,  are  used  to  facilitate 
the   pnH*i»ss.     S'wage  containing   these  substances  in  snflieiently  largis 
'  Jonrnsil  «>f  the  M»*«H'finM4*ttH  Aswicisitinn  of  BoanLn  of  Hi*alili,  July,  18B8, 
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nmount,  if  applies!  dirwtly  to  a  sand  Ulter^  will  quickly  interfere  with 
Its  efficieney  by  dcstroyiiij:  tlit*  nitrifyifig  orgjinii^tns.    Sewage  from  this 
influstry  eoiitains,  in  addition,  siwh  a  very  large  anioiintof  orgiiiiic*  matter 
in  wiii>ix'iisiuo,  that  if  appliml  dirertly   to  a  sand   filtor,  it    will    ixni^ 
<4ogging  very  qiyrkly.      Hpiuu^  this  aiul  oflier  industrial  sewage  of  oIk 
jc^liouabie  t'ha meter  should  be  submitted  to  .setlimeutation    f>r  other 
treatmentj  aeconJiug  to  its  nature^  as  a  prelim iiiar}'^  to  saud  filti-atiou. 
It  has  Ijeeu  found  that  arsi'iiie,  for  iu.stanee,  may  be  removed  coniplet<*lv 
by  (Kissing  the  sevvuge  tlynugh  eoke  breeze.     '*  The  removal  is  prolistblv 
ilue  to  a  eonibitiatiiui  of  the  arseuie  with  the  iron  in  the  cokc%  and   the 
formation  of  an    insoluble  (hmble   salt  of  inm   and  arsenic,  which    is 
retained   in    the  (X)ke."  '      Filtration  through  eoke  hti.^  al*Jio  Ix^en  found 
I'ffieient   in   rc*moving   the  (jrg-anic   matters,  even  when   the   se%vage    i^ 
applietl  at   the   nile  i>f  2oO,ilOn    tvi  :itH),U()0   gtillons   jK^r    acre   daily* 
Other  kinds  of  industrial  sewage  may  eontain  other  objectionable  ^ub- 
!*tanees  which   may  tend  to  clog   the   filter,  as   grease,  soap,  and    other 
materials,  and  these   may  require   special   treatment.     The    ini porta nt\* 
of  gnanling  against  injnry  to  the  nitriiying  organisms  by  special    sew- 
ages iihonld  be  boi-ne  in  niiufb  *ti*d  alsn  that  if  the   jinx^^^s   be   8topped 
in  winter,  it  eannvjt  lie  renewed  until  the  r*^tnrn  of  warm  wejither. 

fi.  Other  Biological  Processei:  Dibdin^s  "Bacteria  Bed." 
Cameron's  **  Septic  Tank,'' etc. — As  an  outeome  of  ex[Mi-imcnts  in 
the  farther  purifif^iti^n  of  the  effluent  c»f  ebemit^ally  ti'ejiteil  sewage^ 
sprang  the  methtKl  knmvn  as  that  of  Bibdin's  Bacteria  Filter*  With 
the  idea  that  purification  in  a  filter  bed  is  not  bmught  about  w^holly  at 
the  suHaee,  but  that  the  whi»le  liulk  of  the  filter  is  iY)neerne<l  th<»rein, 
experiments  were  made  to  determine  the  resnh  of  tilling  a  be<^l  and 
restraining  the  outflow  t^r  dilferent  [nriods,  thus  giving  the  organ- 
isms throughout  the  btnl  the  same  opportnoity  for  aetiou.  When 
the  contents  were  allowed  tcv  rtni  off  thn>ugh  the  underd rains,  the  in- 
terstiee.s  of  the  IkhI  iK^^time  filltMl  with  air  liy  inspinitiou^  ntid  after 
s^t;inding  thus  tor  a  time,  the  process  of  tilling,  standing,  ami  emptying 
was  reiM^ated  eonttnnously  tor  six  rlays,  and  then  an  interval  of  twenty- 
Ibur  hours  was  alh»wed  fnr  complete  aeration,  Tlie  results  obtaineil 
w*'re  most  promising.  During  the  first  mouth,  ninning  at  the  rate  of 
half  a  million  g^dlons  daily^  tlie  purification,  measnretl  by  the  albumi- 
noid aumionia,  ran  between  70  aud  8U  percent.,  and  after  a  full  month 
rciiehed  8;)  per  cent.  The  efllueut  was  then  so  pure  that  fish,  placed 
in  it,  lived  many  weeks.  Later  on,  the  plan  atluptwl  comprised  two 
hcHiis  for  filling,  one  for  standing  full,  aud  tiw  for  emptying,  8o  that 
the  cycle  was  eomplctid  in  eight  ht)in\s.  Passing  tiltnite  at  tlie  nite  of 
a  million  gallons  a  day  fiir  eight  wa^ks,  the  bed  was  fbund  to  show  78 
per  cent,  of  puri  filiation.  The  good  results  WTre  observed  to  lie  yielded 
eveu  when  the  weather  was  so  coM  that  ice  formed  on  the  surface. 
From  these  experiments  it  appe-ars,  theivfore,  that  the  puritying 
cafMicity  f>f  a  filter  may  be  expressed  in  terms  of  i*ubic  as  well  as 
of  surface  measun^ 

'  Hepcrt  of  the  State  Board  of  Heolth  of  Maffiacbusetts  for  181)6,  p.  4S0. 
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In  ooDfiequence  of  the  favorable  resultH  of  these  experiments,  Mr. 
Kbdin  recommended  similar  treatment  for  crude  sewage,  and  in  No- 
tmnber,  1896,  the  process  was  instituted  at  Sutton.  An  average  of 
j|l,166  gallons  per  day,  equal  to  773,000  gallons  per  acre  per  day, 
im  treated  with  good  results,  the  purification  amounting  to  66  per 
ttnt  The  effluent  was  treated  farther  on  other  beds,  and  thus  a  total 
•eduction  of  86.5  per  cent,  was  brought  about.  The  effluents  were 
iMurly  inodorous  ;  the  slight  odor  suggested  freshly  turned  garden  soil. 
During  the  76  days  of  observation,  the  suspended  solids  disposed  of 
hf  bacterial  agency  amounted  to  the  ecjuivalent  of  more  than  a  ton  of 
mdge  daily,  so  that  not  only  was  purification  eifected  much  more 
VDply  and  cheaply  tlian  by  chemiciil  treatment,  but  the  annoying 
vkl  expensive  matter  of  sludge  disposal  was  done  away  with  entirely. 

For  the  disposal  of  a  million  gallons  of  sewage  per  day,  Mr.  Dib- 
Ak  *  recommends  as  follows  :  Before  being  passed  on  to  the  beds,  the 
VWBge  should  be  screened,  in  order  to  remove  mechanically  as  much 
rf  the  8us|)ended  matters  as  i)Ossible,  and  these  may  be  burned  or 
boned.  The  finer  solids  "  if  placed  upon  a  filter  constructed  in  the 
ordinary  manner  with  a  stratum  of  fine  material  upon  the  surface,  will 
•t  once  form  a  layer  of  slimy  mud,  im])eding  the  progress  of  the  water 
into  the  pores  of  the  filter,  and  preventing  the  entrance  of  air  so  neces- 
•ly  for  the  healthy  life  processes  of  the  bacteria,  with  the  result  that 
in  a  short  time  the  whole  mass  Ix^comes  putrid,  and  the  '  filter '  is  a 
luhre. 

"The  first  set  of  Imcteria  l)eds  should,  to  be  on  the  safe  side, 
Iuve  a  collective  ca|>acity  of  160,000  cubic  feet,  divided  into,  say, 
nine  partitions.  These  beds  should  be  filled  with  either  coke,  burnt 
bidlast,  or  other  suitable  substance  which  has  been  rejected  by  a  half- 
indi  mesh,  in  order  to  exclude  dust  and  small  stuff,  and  thus  lessen  the 
dance  of  clogging  fn)ni  the  accunuilation  of  slud^  and  the  zooglea 
fenn  of  bacteria,  which,  by  its  gelatinous  character,  under  favorable 
conditions  might  develop  to  a  sutticient  extent  to  assist  materially  in 
v^ndering  the  filter  water-logged.  ...  In  addition  to  this  set  of 
beda  filled  with  coarse  stuff,  a  second  series  of  the  same  cjijMicity  should 
be  oonstructed  at  such  a  level  that  they  can  be  fillcnl  without  pumping 
fiom  the  first.  These  should  Ix^  filled  with  the  fine  coke  or  ballast 
paaHed  by  the  sifting  in  the  first  instance,  but  the  fine  dust  should  be 
iqected. 

"  If  it  should  be  desired  to  obtain  a  still  more  jwrfcct  effluent,  and 
Aus  to  realize  the  ideal  of  jKjrfW'tion,  namely,  an  approach  to  drinking- 
rater,  another  set  of  filter  beils  of  the  sjinio  area  as  the  foregoing  may 
«  provided  in  those  cases  where  the  levels  pc»rmit,  and  filled  with 
ery  fine  breeze  or  fine  sand,  such  as  that  usckI  by  tht^  water  com- 
tnies."  The  beds  of  each  series  are  to  be  HIUkI  in  order,  and  when 
lo,  8  is  filled,  No.  1  is  rejidy  for  its  second  charge,  and  so  on.  Allow- 
ig  one  hour  for  filling,  two  for  resting  full,  one  for  emptying,  and 
iree  for  resting  empty,  each  b(Kl  can  receive  three  changes  in  twenty- 
*  Purification  of  Sewajj^e  and  Water,  London,  1897,  p.  129. 
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fimr  hours.     The  ninth  Ht'd  is  to  Ik*  lielil  in  reserv^e  to  replace  i 
wliich  may  be  tlirrrwn  uut  ofaotiVni,  lunl  **  it  would  Ih-  a  useful  i 
iiicnt  to  systematiciiUy  throw  one  tank  out  of  action  i«ch  <lay,  1 
giving  them  all  a  day's  rrst  once  in  nine  days/*     The  efficiency  oft 
various  beds  may  be  det^^rniiiied  oeeasinnally  by  tes^tiog  the  filtrokfiit 
iiitnites,  the  presence  of  which  in  fairly  i*egiiltir  amount  18  evidence  (" 
unimpairi'd  urtivity. 

At^Nirding  to  Dr.  Clowes/  the  first  effluent  of  the  experimentElt 
1k'(1s  at  Crossness  for  the  treatment  of  Ijondou  sewa^re  is  of  miii ' 
eharaeter  that  !ish  etin  live  in  it  fnr  months.  The  whole  of  the  «u 
[H^nfl(*d  matter  and  i')\M  |H*r  cent,  uf  oxi<liz:ible  and  putresrflile  mattpfl 
are  removed  Ijy  a  single  treatment.  iJotible  treatment  raise?*  thr  ] 
eentage  from  51.3  to  69/2.  The  (lejwsition  nf  et^llulcrse  in  varidtw 
forms,  as  cotton,  jmper,  wofxly  matters,  straw,  and  chaff,  which  mnVji- 
Ai}  not  ajifKar  to  l»c  aeteil  upon  to  any  extent  l\v  bai*terb,  cause-  i  - 
hideniblc  diluting  of  the  interstices,  autl  lience  nKluc€*s  the  capuciry  of 
the  filter.  It  was  estimated  that  the  reduetion  amount<Ml  t*>  'ifv-iin  ;t 
third  in  ten  mouths. 

At  SuttoUj  it  should   be  said,  there  is  a  eatchpit  to   uiv  ! 
heavier  iiiatters,  and  also  a  wry  efficient  scrt»ening  machine  ;    i  i-    - 
tile  sewage  comes  duwn  in  so  fresh  a  citmlitinn  that  neither  the  ]   ;^ 
nor  the  solid  fieces  have  had  a  eliauct^  to  disintegrate,  a  verj*  hrgc  jh:- 
eentage  of  organic  matter  never  reaches  the  filter  at  all. 

Tlie  Cameron  "Septic  Tank*'  priK-ess  is  one  in  which  the  ana<"r  1 " 
bacteria  are  iirst  utili/e<l  for  the  jmrposc  of  hastening  decfirtij^^ 
tion  of  the  organic  matters.  Contnirv  to  the  general  opinina  that 
sewagt^  ought  always  to  be  tretiteil  before  the  beginning  of  putreia^* 
titui,  in  this  system  the  sewagt*  is  kejit  in  stomge  tanks  out  of  f^ntact 
with  light  and  air  until  the  orgjinie  matter  is  broken  dow*n,  and  ilitu 
is  |iassed  on  to  bacteria  btds,  where  tlie  aerobic  forms  ccMitiiuk'  iW 
work. 

The  first  attempt  at  puriiii^ition  of  town  fiewage  by  this  ^y^tm 
was  instituted  at  St,  Leonard's,  a  suVairh  tjf  Exeter,  England,  Hy 
Mr,  r>onal<l  Cameron,  whose  initial  plant  consisttH:!  of  an  iintitr- 
gronnd  e<ncrcd  tank,  sixty -four  feet  loug,  eighteen  feet  deep,  ami  •♦! 
an  average  depth  of  a  little  more  than  seven  feet,  and  five  DilKliff 
bacteria  beds  iilltd  with  coke  brei^ze  and  clinkers.  The  crude  ^\^^^'> 
l>cforc  entering  the  tank,  passes  first  into  a  grit  ehandxT,  whidi  '^ 
three  feet  deejMT  than  the  tank,  and  in  thi-  tlie  hi-avy  ntatters  fall  iU'd 
are  det^diied,  but  may  be  rcmi^vtMl  without  interruption  of  the  prfci^ 
in  c»j>emtion  within  the  tank.  The  sewage  is  not  screened  in  aiiy  way* 
and  enters  tla^  tiink,  after  passing  the  grit  chamber,  hy  inlets  platt^I 
five  feet  Iwdow  the  surface.  Tlicse  are  so  |daced  fV*r  several  n-asKn-: 
the  scum  Himting  «»n  die  surface  is  not  distuHRnl,  gjises  from  the  tun ^ 
cannot  escaj»e  backward,  and  air  t^^innot  enter  the  sewage,  la  tbc 
tank^  the  sewage  underg<H\s  pnti-efaction,  the  oi-ganie  matters  btiti^ 
broken   u|)  into  simpler  soluble  forms  and  in  great  part   converted 
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t-arfK^n  dinxide,  sulphiirt'ttwl  !iydr(»4ic*i»,  uiHnionia,  nitrogen,  aiif)  otWr 
gaj^ij?.  Tlii^  flow  tlimugh  the  tank  is  rutitimious,  and  tlie  rtlUiont 
pai^se^  off  through  outlets  lorate^l  at  tlie  farther  end  at  the  same  level 
as  the  irdetj?.  In  the  center  of  the  tank,  an  ins|>t*cti<>n  ehandjer  of 
l>riek  and  thiek  plate  jy^liiHs  is  coDstnieted,  and  from  this  the  pnx'cs^es 
piinj^  on  may  be  (*hserv«l.  At  the  siirfaee  nf  the  litjui<l,  a  senni 
alKint  two  inches  in  thiek ness,  eonststiiijir  of  Hoetndeiit  matter  in 
various  .stag<:^8  of  df>c( imposition,  is  ft*rnie<l,  much  of  it  brought  up 
from  the  bottom  by  giises  formeil  in  the  proee^^s  of  deeumpositif^n. 
Throughout  tlie  tauk,  couutleHS  sniatl  musst^s  are  ,seen  risiug  tlirougli 
generation  af  g;ises  and  falling  by  tlieir  nwn  weight.  Every  time  a 
jKirtiele  rises  tir  falls,  it  hises  in  volume,  and  ttnally  it  disipiK'ars,  The 
effluent  from  the  tank,  browuisli  yellow  in  c*>h)r  and  offensive  in  ixlfir, 
is  next  admitted  to  the  bjieteria  beds,  where  the  nitrifying  organism.^ 
perfi>rm  tlieir  sliare  of  the  work.  In  its  journey  to  these  hetls,  it 
passes  in  a  thin  layer  t>ver  the  side  s  of  troughs  elcjs^l  at  both  euds, 
and  thus  Iweomes  aerated  by  coutaet  with  the  air.  By  an  auttmiatie 
amingt*ment  wideh  regnlateH  the  flow,  one  bed  remains  full  while 
another  !s  l>eing  tilled,  and  alWr  u  certain  time  is  aUowe^^^l  to  em|>ty. 
Four  l)eds  are  kept  in  use,  the  fittli  resting  fiir  a  w*ee*k.  Eaeh  bi-d, 
then,  is  in  njK'ration  four  wtM^ks  out  oi*  every  five,  and  after  its  week 
of  rt*st,  takes  tlie  |)!aee  of  tlie  one  whieh  has  beei^  limgest  in  use.  Tlie 
at^c^unnilation  of  sludge  in  the  tank  is  vf^ry  sliglit.  It  amounted  to  Imt 
fifteen  inches  at  the  tiiil  of  ten  memths'  trialj  during  w^hieh  time  more 
than  17,tKMVKKl  pillons  of  sewnge  were  treated. 

Analysis  htis  shown  that  the  rtrgauie  matters  in  solution  an-  rtHhu^e^l 
in  amount  nearly  a  tlurd  and  the  sus])end<'d  matters  mure  than  a  half 
hv  baeterial  action  within  the  tjiiik,  nnd  that,  afler  jmssing  thrraigh 
botli  the  tank  and  the  Ijaetrria  lieds,  the  sewage  loses  pnietirally  all 
of  the  siispendnl  matters,  and  more  than  Ht»  jx^r  wnt.  of  the  iixidizable 
org?inie  substane<?s  in  siJution.  The  effluent  from  the  l)eds  is  fairly 
elinir  and  suHieiently  pure  to  warrant  its  diseliarge  into  a  water  raurse. 
it  is  elaim^l  even  that  it  is  tit  to  driidc. 

The  advantage  of  the  tank  liis  in  the  reduelion  in  the  amount  of 
sns[>ended  matters,  wheTeliy  less  t^ogging  of  the  surfhi-e  of  the  Intl 
occurs,  and  in  relieving  tlie  beds  of  much  of  the  work  of  disposing 
of  organie  matter  by  nitrifieation.  The  eost  of  working  is,  moreover, 
very  slight,  inasnuieh  as  i\n^  appnmttis,  by  rwtson  of  its  ingenious 
system  of  automatic  gears,  requires  little  sn|M:'rvisiou.  It  is  said  that^ 
with  this  system,  as  much  as  :U>:>,0(iri  g;illons  per  acre  of  Imeteria 
beds  am  be  disposed  of  daily  without   nuisuiee. 

The  Scott' Moncneff  System,  introdn^tnl  in  tHlMJ,  at  (  aterham,  Eng- 
land, consists  uf  a  tard<  iilleil  with  broken  flints  and  other  eoarsr  mate- 
rial resting  on  a  perfoi*ate<l  bottom,  aufl  a  filter  eousisting  M'  a  series 
of  trays  e<»ntaining  eoke.  The  sewage*  enters  the  tank  eontinncaisly 
lienpath  the  perfoiiited  lj<»ttom,  jicisses  npwanl  thnmgh  the  flints,  and 
in  its  ])assage  is  subje<'te<l  to  thi-  influinet*  of  the  anaeroliic  s|KH'ies  of 
l>aeteria  alone,  excepting  that,  at    the  surfaee^  the  action  is  aerobic  to 
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a  slight  extent.  It  passes  thence  to  the  upper  trays  of  the  filta^ 
where  the  action  is  wholly  aerobic,  and  flows  continuously  downward 
from  tray  to  tray,  becoming  more  and  more  oxidized  and  nitiified, 
the  resulting  effluent  showing  a  very  high  degree  of  purification. 
The  system  possesses  no  advantage,  however,  over  the  septic  tank, 
which,  by  reason  of  the  absence  of  filling  material  (flints,  etc.),  hat 
greater  capacity  for  sewage,  and  which,  therefore,  may  be  oj)erated  at 
lower  cost. 


I 


Garbage  eompri."^',s  all  manner  nf  wiu^tt*  niat<Tial,  and  its  disposal 
is  of  very  great  ec*ononvic  uiul  sanitary  inipirtiUK^e*  Tlit^  daily  aceumu- 
Jation  in  towns  and  eities  is  enorrmms,  and  its  renin\'al  at  rej^ular 
intervals  is  a  matter  of  great  euoeern  to  miMiieipal  adniii  list  rat  Smu. 
From  a  hy^ciciiic  stiind[Miint,  tljc  pnnK-r  disposal  of  kitchen  waste  and 
cither  <kM.'oni|Ki8id)le  material  far  outweighs  in  importanee  the  removal 
<*(  siieh  matters  as  waste  pa|»er,  a.shes,  disoardtHJ  boots  and  slioes,  tin 
x'aijs,  bnttles,  and  other  rnl)l>ish^  which  in  no  way  e^in  affeet  the  pnhiic 
health,  hnt  vvhieh  for  various  reasons,  may  not  l>e  allowed  to  aetnunnlate 
in  the  honsehohl.  In  rural  districts,  tlie  disposal  of  g-arbage  in  geuend 
is  exewdingly  simple  ;  hnt  in  cnnvded  eomnuinitie5  it  entails  gretit  ex- 
pense*, and  ]s  usually  a  very  einnpUaited  problem.  Since  this  Wiirk  is 
coneerned  solely  in  nmtters  of  sanitary  interest,  and  not  in  economies, 
the  consideration  of  this  subject  will  he  restricted  to  the  methcKls  of 
-disposal  of  those  matters,  the  retention  of  which  on  occupied  piiemiJ^eJi 
may  he  regiirded  as  detrimental  to  heidth,  namely,  those  known  a^ 
kitchen  refnse»  or  swill. 

The  niethcMJs  of  disj>osal  of  these  inatt^Ts  eorn|)rise  those  which 
may  l>e  e-arried  out  b}^  the  individual  householder  on  the  si><it, 
anri  those  adopted  by  mnnici[ial  anthi>rity  after  house-to-house  col- 
It^- 1  ion. 

In  many  households,  refuse  is  dispt^se^i  of  by  burning  in  the  kitchen 
fire  with  or  with<mt  a  preliminary  process  of  drying,  for  which  u  num- 
ber of  siini>le  appanvtuses  have  lK»en  devistHl.  A  very  etlieient  arrange- 
ment in  common  use  consists  of  an  enlargement  in  the  lower  jmrt  of  the 
stovepi|>e,  tbrruinga  chamber  into  which,  through  a  iloorway  in  the  end  or 
si(h\  the  refuse,  in  a  suitable  metallic  liohler  with  pedbrati*d  sides  and 
bjttiim,  is  intro(hiced.  Through  this  the  hot  air,  gases,  and  smoke 
fi"(»ni  the  fire  pass  on  their  way  to  the  chimney  flue»  and  thus  complete 
allying  and  [mrtial  c;irbnnization  are  hrtmght  about.  The  <lrietl  residue 
is  disposefl  oJ'  tinally  hy  hnruhig  in  the  stove,  where  it  serves  a  us^'ful 
purpose  as  fucL 

In  country  and  suburban  districts,  kitchen  waste  is  advantageously 
'disposed  of  by  fettling  it  in  a  fresh  and  sweet  condition  to  swine  and 
puiltry,  and  dcpisiting  in  the  soil  Mieli  matters  as  they  will  not  ent. 
Burying  in  the  soil  is  a  simple  nnd  efftn^tive  method  nf  disposal,  entail- 
ing but  little  labor,  since  it  is  best  not  to  dejxisit  it  very  dee|>ly.  Xenr 
the  surfaee,  deconi|)osition  rx-i-urs  rapidly,  and  so  a  eoveri ug  of  earth 
n  few  inches  in  depth  is  sufficient  to  prevent  contamination  of  the 
atmosphere  with  uoisi>nie  odin\s* 
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The    n let h wis    ndopte*!    by  niimieipal    imthorities  compriH'  dii 
iiig    iiittj  thr  s(*it,  iU>;posal    tu    thrtjiers  for  swiiie-feecling,   atilii 
as  tVxiil   i'nr  lit'nls  uf  t^wim*  kept  tVir  the  piirixn-^e,  an*l   n-'<lurti«»ni 
ineinenititiij  in  fiiniaecft  of  spivial  o<  hi  struct  ion,  known  ai?  tlestniclon. 

Durnjiiyg  into  the  sea  is  o|M*n  to  tlje  objection  that,  under  fiivo 
conditions  of  winds,  tides,  and  cnrrents,  nmcli  material  may  be 
ashore,  arul  become  :i   nnisance  and  eyesore  t^j  ibe  inirnediati^ 
horh<HNl. 

Dihjjo.sil  to  farmers  involves  ciirtage  over  milen  of  rrmJ  in  wjipi! 
whieh,  if  not  b?aky  for  liqnid  ruattjers,  at  least  |>ermit   the  esoijir  ^^l 
uansiMins  mlors,  to  the  anuuyaiiee  of  dwellei*s  and  travellei":^  ala 
Tc*ntt\      It  involves,  also,  st<inige  for  at  least  a   short  time  alter! 
tion,  unless  the  garlm^^  wagons  e^in  themselves  he  sient  into  the  couo 
try — ri    pi"oet*tHlin^r  which    ami    hardly   be   n'giinlcxi    by   taxpiyers  \ 
eonsistent  with  the  ]jro[»cr  management  of  mnnieiptil   revenue«s.    ~* 
jxn*i<Hl  of  stora^*  is,  in  eftk-t,  a  eontinuatifm  ol*  that  wbii*b  has,  |>erbap 
extender!   already  through   >eveml   days   or  a  week   befc^rt*  ri»llec1«« 
ihiring  which  time,  various  fermentiitive  processes  have  been  active  i 
the  [>r*whH'tioii  of*  conipjunds  ol'  of^'ensive  cliaraeter. 

Inc  ineiiition  at  s^n-eial  stations  for  the  destruction  of  gwill  and 
other  cornltUKtible  nihbishis  being  wiilely  atlo[»t<L'<l  by  largr*  i^tmmniit 
ties,  and,  in  many  filaet^s,  has  jiroveil  to  l>e  m*t  only  the  most  ecoimivH 
ieal  methcxl  of  dib]H>sal,  but  even  a  i^ouit^e  of  gain.  To  mieh  a  statiau 
are  brought  the  tlaily  eoIlwtioHs  etf  g-aHuige,  which  at  once  uiHl«*nn»a 
prcK^es^j  of  sorting,  Pa|HT  and  jiasteboard  art^  utilized  in  the  furiii»<>- 
as  fuel  or  are  sold  to  l>e  used  in  the  mannfactun^  of  the  cheaper  gni<I»  • 
of  papT  ami  etirdboanl  ;  old  shm\s  and  boot>  are  disji<\m.*d  of  to  raak*'r> 
of  artiiicial  letitiier,  and  niblnTs  and  overshoe,s  to  niannfactun*r>  of 
rublwT  giKxIs  ;  tin  vims  are  heati**]  in  recover  the  solder  ;  pieces  of  nti- 
consunHMJ  enal  are  (olh-c'tt^d  and  ust»il  or  scdd  for  fuel  ;  broken  fnmi- 
tnre,  boxes,  liarrels,  and  other  wooden  oijjet^ts  are  split  up  into  kirifllintr* 
ami  excelsior  stnfting  is  utilizi^d  in  the  furuaet^.  In  short,  alnxe^t 
every  kind  of  nd)l)ish  may  \w  utili/A'd  in  some  way  to  advaiiUi^'. 
The  late  (VJonel  (ieorge  E.  Waring,  Jr.,  ex|ierimenting  in  New  Y«»fi 
with  a  long  travelling  Ijell,  rm  whi<"h  the  e<»mbu>tible  vva^te  fwm  a 
dfstriet  containing  200,000  jicople  was  de|wisitixl  and  piekeil  owr, 
finind  that  W  jht  cent,  of  it  was  stdable,  and  l>nt  10  per  n^nt.  nniaiwt^ 
to  In'  destroyed  liv  fire.  In  some  establishmmts  now  in  t»|H'ration,  :i 
long,  travelling,  emHess  Ix'lt  of  stw!  |)lat4_'s  is  employiH],  the  cart* 
dumping  upon  it  at  one  pla«*c.  As  the  material  pa.s^es  along,  it  t» 
??orteii  over  cpnekly  by  men  oti  either  side,  and  what  i?  lefi  k  convcvrf 
onward  to  a  bin,  from  \vhi<*h,  in  time,  it  passes  to  the*  furnace,  to  «en'e 
tr*  destroy  the  kitt'h<'n  waste. 

It  won  Id  Iw*  im]wi>isil»le,  even  if  it  wen^  not  unn<*ceKsary,  U)  pi^^ 
in  iletail  a  deseription  of  tlie  many  varieties  of  machines  an<J  ft^" 
naces  which  have  lieen  invented  for  the  incineration  of  refase-  1" 
general,  it  may  be  Kiid  that  a  destnrc^tor  t'linsists  of  a  furnat'e  with  ^ 
ehamlHT,  provideii  with  gmte-bjirs,  in  which  the  dry  or  partially  tlrictl 
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offal  is  burned  ;  ami  a  stHMnul  ohanilK»r,  iji  wbifli  it  is  siihjiTtr^l  t<»  a 
]>relimiiiarv  process  of  drying.  This  scccuid  elmmJ>er  is  jiki^s/tl  iH'lriod 
the  tWriit  t'oin|mrtmout,  which  ri'odves  the  dried  iraHxij^o  and  other 
conibiistible  material  ^^ervi!lg  as  fuel.  In  the  l»rst  fonns,  two  fires  are 
main  tinned  :  one  at  the  forwani  end,  and  the  seof>nd  at  the  stiick  end 
r)f  the  furnace,  the  latter  being  de8igne4l  to  insnre  complete  combustion 
iif  vajMirs  and  ilnst  befc>re  entrance  to  the  chtmuey^  from  wliieb^  (►ther- 
wise,  they  might  issue  in  siieh  a  lorm  as  to  i-n-ate  sirious  nnisiuiee,  ni»t 
alone  to  the  immediate  neigbborhyod,  but  even  at  eunsiderable  dis- 
tauoes. 

The  burning  of  the  smoke  and  fumes  is  very  essential,  and  failure 
t^i  |irovide  therefor,  or  tlie  unsueeessful  o|»eration  of  the  fume  eremat<K', 
lias  ciinseil  tlie  al)andoumeut  of  many  plants,  wliieh,  with  better  instal- 
lation, shtHihl  have  worked  suecessfnlly  and  to  |»ublie  satUfaetion, 
In  many  English  cities,  destrnctor  furuaw^  have  b^en  in  opration  for 
years  in  close  proximity  to  dwellings,  scIuk^Is,  and  Imspitals  without 
causing  offence*  At  Ending,  fur  exjunpl<\  the  furnace  is  locat*^!  at  a 
distance  of  180  yards  from  two  huspitiils  ;  in  Whitccbapel,  witliin  a 
very  few  yartls  of  dwelling  houses  in  the  midst  of  a  very  |»o]udous 
district;  at  Leicester,  bnt  a  very  few  yanls  from  a  hirge  silioiJ  ami 
imnu^liately  jjdjoining  a  coiisiderable  number  r>f  dwellings. 

The  fume  cremator  consists  of  a  !*everlx^ratory  arch  witlj  rings  of 
tirebrick,  j*hu*ed  in  the  direction  taken  by  the  g*as(*s»  Projecting  ribs 
fleHect  the  vapors  to  the  top  of  au  inteusely  liot  lire,  in  which  tliey  are 
destroye<l.  Pn>visiou  is  made  for  ni}>id  removal  of  ashes,  and  for 
drafts  of  air  at  net^lt^l  jxiints  to  maintaiu  a  cr>ntinu*Mis  irmfR-raturt* 
above  2,000^  F.  The  hinit  pnRluc<_'d  is  ecmimrmly  utilized  iu  the  pro- 
duction of  steam  for  the  engine  which  doe^  the  iiecx^ssary  hoisting  and 
iither  work,  and  drives  the  shafting  e^mueeted  with  tht^  endless  belt  and 
other  appliances.  Anotlier  most  useful  and  et'ouomical  appliojition  is 
the  utili^ntinn  of  tiie  great  store  of  energy  tor  maintaining  electrir- 
light  plants  for  lighting  the  premisci?,  and  even  the  juiblic  streets.  In 
Xew  York  and  Boston,  the  surplus  energy  is  utilized,  but  at  most 
other  plants  in  the  •"i4  cities  and  towns  of  this  country  wliicht  in  IHlfJlj 
were  using  the  prcx^ess,  the  hc^U  is  wasttMi. 

At  the  Iwginniug  of  ISfHt,  Kl  communities  in  Grt^at  Britain  were 
emjiloving  inciuenition  as  the  chief  means  of  disposal  <>f  refuse,  and  IH 
of  them  turned  the  developed  heat  t^i  some  useful  purpose.  About  a 
thiixl  of  the  number  use  the  jKiwer  for  ele<*tric  lights  for  the  works  or 
streets,  or  Iwth  together;  nwirly  two-tliirds  maintain  mills  f»r  grinding 
matermls  for  mortiir  and  clinkers  for  piithways  ;  six  emphiy  the  steam 
for  the  [mrjxise  of  jiublie  disinfection  j  several,  for  pumping  sewage,  ami 
otiiersj  for  various  useful  purposes.  In  one  city,  :{,(>UU,(H)U  gallons  nf 
sewage  are  punijHHl  through  a  tweiity*fnot  lift^  the  works  are  lightn! 
by  electricity,  the  sljnps  aiul  flirges  of  the  muuieijKil  serviee  are  sujk 
jilict!  with  [M^wer,  and  other  wf»rk  also  is  jwrfornu^I. 

Reduction. — In  the  reduction  process,  the  kitchmi  g-arbage  is  storvd 
iu  tanks  which  permit  the  drainiug  away  of  most  of  the  water,  which 
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18  conducted  directly  to  a  sewer.  Next  it  is  dried  in  cylindrial 
steam-jacketed  chambers,  into  which  hot  air  and  superheated  steam  are- 
conducted,  the  process  requiring  about  six  hours.  The  material  loses 
about  three-fourths  of  its  weight,  which  passes  off*  in  the  fomi  of  aque- 
ous vapor  and  is  condensed  and  discharged  into  the  sewer ;  the  doo- 
condensible  stinking  vapors  are  disposed  of  in  the  vapor  cremator 
connected  with  the  boilers  in  which  the  steam  is  generated.  The  diiei 
residue  is  next  introduced  into  tanks  of  naphtha,  and  the  whole  is  heated 
by  steam  coils  until  all  grease  has  been  removed,  when  the  napfatk 
solution  is  separated.  This  is  then  distilled,  the  naphtha  passing  ov«r 
and  being  reclaimed  for  repeated  use,  and  the  fat  remaining  behind 
a  valuable  product.  The  extracted  residue  is  dried  again  and  worked 
up  into  fertilizer. 

Reduction  methods  are  applicable  only  to  large  cities,  and  since  it  ii 
almost  impossible  to  conduct  the  works  without  creating  a  nnisaooe^ 
these  should  be  located  at  such  a  distance  from  a  community  dnt  tk 
value  of  property  may  not  be  impaired,  and  the  daily  enjoyment  of 
life  may  be  in  no  way  sensibly  abridged.  If  the  amount  of  colleclaiife 
kitchen  waste  is  sufficiently  large,  say  that  from  a  population  of  ifc 
least  150,000,  and  if  the  works  can  be  so  placed  as  to  cause  no  nuisano^ 
and,  at  the  same  time,  not  to  necessitate  a  long  and  expensive  haul  of 
the  material,  reduction  has  been  found  to  fulfil  both  the  sanitary  anl 
the  economic  requirements,  the  yield  of  grease  and  fertilizer  luiviif 
considerable  value,  thus  reducing  materially  the  cost  of  disposal.  Bat^ 
as  in  the  aise  of  sewage,  it  should  be  borne  in  mind  that  the  removal 
and  disposal  of  waste  are  sanitary  measures,  and  should  not  be  xnewrf 
too  much  from  the  standpoint  of  profit-making. 

If  the  quantity  of  garbage  collected  is  too  small  to  w^arrant  treatment 
by  reduction  processes,  it  may  be  burned  to  advantage  in  destructors. 
A  combination  of  the  two  methods,  reduction  and  (cremation,  would 
seem  to  Ik»  the  most  advantageous  for  communities  producing  a  very 
lar^  daily  amount  of  ^neral  wastes.  But  the  possibility  of  nuisancfr 
from  all  re<luction  works,  a  nuisiince  which  has  caused  the  abandon- 
ment of*  the  ^reat  majority  of  the  plants  which  have  been  installed  in 
this  country,  should  ever  be  borne  in  mind,  even  though  the  nuiance 
Ih'  limitiHl  to  a  small  iXTcentiige  of  the  population,  who,  if  they  wra- 
j)lain,  are  rejriirde<l  by  the  rest  as  unduly  sensitive,  prone  to  naagnifv 
small  discomforts  and  ^ive  them  a  factitious  importance,  and  ineon- 
sidcnite  of  the  ^encnd  welfare,  which,  even  if  true,  can  not  deprive 
thcni  of  their  ri^ht  to  appeal  to  the  courts  for  the  abatement  of  the 
cause  of  their  discomfort. 


I 
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DiHlKPEiTAN^rs,  or  gcrriik'itles,  ure  agents  whit  h  hriiig  iilnjiit  the 
ilestnictioii  of  bacteria  in  gt^nonil,  and,  more  partieiiJarly,  u{  those  tliat 
act  as  the  exciting  causes  of  disease.  While  they  are  all  to  be  claaseil 
aa  imtiscjitics,  the  latter,  a.s  a  elass*,  are  by  no  means  necessarily  disin- 
fectants, since  many  tjf  them  aet  8ini|jly  to  <lelay  or  jvn^vrnt  the  action 
of  fermenrative  agents,  without  exerting  any  destructive  inHuence  upon 
them.  Cold,  for  example,  is  a  most  eflicient  antiseptic  ;  but  while  it 
may  inhibit  jarrowth  and  activity  of  micro-organ  is  ins,  it  does  not  neces- 
sarily deprive  thern  of  vit^dity. 

r)e*>d< mints  are  agents  which  remove  or  mask  disagreeable  odors,  but 
they  are  not  necessarily  disinfectants.  Some  deodomuts  are  ettieient 
disinfectants,  but  not  all  disinfectants  arc  efficient  decxlomnt*<.  The 
latter  are  largely  sul)stances  Avhich,  \mng  of  strong,  jx^culiar  odor,  are 
use<l  to  ovcrctimc  or  8U]K*rmHle  disHgretnible  odors,  but  without  exertiiig 
any  influence  ujxm  the  eause.s  thereof,  Odors^  may  or  may  not  be  a 
concomitant  of  infections  mattar  aooimliug  to  circumstauees  ;  and  when 
so,  the  mere  fact  of  their  being  overwhelmed  by  a  more  |>owerful  rival 
smell  has  no  intlucni*c  on  the  vitidity  of  t!ie  bacteria  pi-esent.  Some 
deoilorant.^  reniove  smells  without  the  creation  of  another,  and  withtmt 
exerting  any  action  upon  tiieir  eiuise^s ;  such  are  eliareoul  and  ordinary 
earth. 

The  functidu  of  dtsinfet*timts  is  the  destruction  of  morbific  agents  so^ 
that  they  shal!  not  s|)rL'iid  iidective  diH-ascs.  Tlicy  are  not  curative  of 
the  inftrtcd  i>ersou,  but  are  ]>revcntive  of  the  spretid  of  the  disease 
from  tliat  jH-r.son  to  otiiers.  An  efficient  disinfectant  for  general  pur- 
pjses  shijultl  |M>s.sess  the  pnij>erty  of  kilting  not  this  and  that  s|>ecies  of 
bacteria,  but  one  an<l  all,  and  thi'ir  spores  as  v>Al,  Si^me  |>athogenic 
bacteria  liavc  a  tolerance  for  certain  disinfectants,  and  may  accpiire  one 
gnKlually  for  certain  otiiers.  Sucli  agents  cannot,  therefore,  \h*  in- 
eluded  among  the  elficient  cJiiss  for  genend  use.  For  spcx'ial  WTirk  in 
destroying  the  infet^tive  figents  of  wrtain  diseases,  disinfectants  which 
have  ba^n  provetl  U>  exert  a  destructive  influence  on  the  jwirticnlar  itr- 
ganisms  may  l>e  usvil,  although  tliey  have  iailc^I  ti^  show  an  equal  [lower 
agiunst  other,  more  resistant,  varieties.  Disinfectants  may  Ix*  dividi^ili 
into  two  classes,  namely  :   1 .   Physi«il  agents.     2.   Chemical  agents. 


PHYSICAL  AGENTS. 

The  physical  agent.s  are  :   1.   Liglit.      2.   llttit. 

Lig^llt.^ — ^Direct  sunlight  is  cuie  of  the  most  impiitaut  disinfectauts 
know^n.     It  retards  the  growth  of  many  oi^anisms,  and,  after  a  \'ar)'- 
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ing  number  of  hours  of  ex|Misnrc%  (Mrinpletely  destroys  the  vitalitf  flfl 
a  miniber  of  the  iimist  ini|»ortjint  j>;itho)renie  biicteria,  iDcluilin^' 
general ly  reeogoized  as  lji|xlily  resistant.     Diifiii^eiJ  claylfghl  am^tfk 
lig[jt  alstt  are  et^W'tive,  but  in  a  rnueli  dimiuishetl  degree, 

Koeh  ^  aunoQuejetl,  in  l8tHX  that  the  biicilbis  of  tulK*rc»jlosis  i^l 
Ijy  direct  siinjjght  in  from  a  few  niinutes  to  se\'eral  hours,  iW¥«»rdio|tt 
the  thickness  oTTLe  hiycr  oi'  material  in  which   it  is  expis^i.  awl  I 
diffused  light  \n  from  5  to  7  davt*.    Dr.  Franz  Mign<*on^  exjKvswInib 
cnlous   s|Hittini   un   tiiien   and  wmjUeti  liibrics   to  direct  sunhgbt,! 
fiHind  that,  provided  die  layer  was   not  too  thick,  the  bacilli  coddi 
resist  hmircr  than  from   24  to  30  hours.     The  virulence  was  ob 
to  diminish  ^nidnally  after  10  to  15  hours,  and  to  disiip|iear  eomplf 
after  24  to  ;]0  Innirs, 

Jauowski,*  experimenting  with  the  typhoid  tever  bacillus,  disc(»\f( 
that  tliat  organism  failed  tugnm^  wlicn  plantetl  in  boui)l(»ii  aiidcycp 
i\\T  f)  hnurs  to  dire<!t  sunlight ;  and  that,  iu  bnnilh»n,  ex|>o«»cd  H 
out  of  every  day  tt>  diUused  light  and  kept  iu  the  dark  the  rvsttof  1 
time,  its  devclopmeut  wns  much  delayed,  but  in  the  sjinie  me<li«im,  ke^ 
wholly  in  the  dark,  cioufhnessi  was  observtxl  in  {'mm  1*>  to  20  biiu^ 
That  this  action  is  not  due  to  inereai^e  in  tcni|»eniture,  wa^  sfiown 
l>y  Saveriii/  who  cxf»oscd  gelatin  cuhurcs  of  the  organism?  of  ty|ib«J 
ievcr,  anthrax,  and  elinlci'aj  antl  SUtplujhwurrHn  pifof/tunt  aurmjt^  to  «! 
light  and  eleetrie  light  tor  from  2  to  47  hour!*,  and  made  careful  ol 
vations  uf  the  temiK^mtures  within  the  tulK^s.  He  di^x»vcr*.*tl  ihiit 
mr>st  ent^rgetie  action  was  not  eoineideut  with  high  tempcrtiHii^, 
although  the  latttT  hasteuinl  the  l>eginMiug  of  the  pnx^es^s.  The  adnui 
of  eleetrie  light  was  much  le^s  energetic  tlian  diat  of  direct  nmli^'^it' 
Anthrax  sjmres  were  destroyed  almost  as  quickly  as  the  bsirini,  iifiJ 
after  a  certain  lengtb  of  time  their  virulcntM*  prc»gressively  diniin  '  ^' 
The  red  and  infra-violet  rays  appiiire^l  to  exert  no  bactericidal  j*i  , 
tics. 

Geissler "'  fount!  that  direct  sunlight  exerts  a  more  powerfiil  influeiNt 
on  culture!*  of  the  Imeilbis  of  tyjihoid  fever  than  an  ek^tric  li^jhtori 
hundrc<l-eandle  p»ower  at  a  distance*  of  a  meter,  and  advancxxl  tli<  i  i 
ositiou  that   the  cHects  on    the   Ijaeteria   are  due    in    jKirt    to  il 
l)rought  about  in  t!ie  character  of  the  culture  meilia*      That  th*' 
of  sunlight  i^?  chemieaK  is  shown  by  the  ditfemnci's  in  the  aijiaiU    ^ 
tite  djtferent  niys  for  producing  results,  the  ultra-violet  being  eadoww 
with  the  greatest  pnwen 

This  cliaugc  in  the  ebaracler  of  the  culture  metlia  luis  licen  iiotM, 
by  Kruse/  who  found  that  litpiid  meiHa,  containing  complex  nitrt^' 
substances,  arc   so  alteriHl   by  tiie  iufluenoc  of  light   that  they  in^j -■ 

'  Vortra^  aTif  dcm  zehntt-n  intemsniiiimien  mediciniMclien  CViTijfresRe,  1890. 

'  Arehiv  fiir  H\>;i<'ne.  XXV.,  ]k  .'t»>l. 

'  fVntnilblutt  fiir  Ilnktoriolo^te,  Vlll.,  p.  t^. 

*  Aniuili   ilfU'iHtiniW  tl'l^ene  stperinK'ntalif  della   reale  univeisita  di   Roo*i  ^ 
SenV  2,  p.  Itih 

*  tVnti-uJMart  ftir  Rikterinlojri^'.  XI.,  Niw,  fi  and  7. 

*  ZeiUifhrift  fiir  IlyK^ietie  uiid  Infectiont^kniiikhdten,  XIX-,  p.  S13* 
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tintiseptic  properties  agiiiti??t  the  biMjteriii^  and  that  the  ehangc  is  pro- 
pf^rtiimat*?  to  the  iii tensity  i»f  the  light  and  the  duration  of  the  exjKJrfiire. 
It  IS  dae  direetly  to  the  atnios(>la^rie  oxyj£ren,  which,  afeonhng  to 
Moin<mt/  is  ■^iinitly  a.'^ieistet]  hy  the  light,  \vhic*h  hy  itself  won  Id  have 
but  little  effect  But  it  is  not  alone  through  changes  in  the  raetlia  that 
bacteria  are  kille^l,  but  tlirough  chaiige.s  hrnught  about  within  them- 
.selves  as  well  And,  indeed,  it  has  hetm  denionstrated  that  not  ah>iie 
bacteria,  but  their  toxins  als(>,  are  atleetoh  A  wording  to  Fentii  and 
Celli,^  the  toxin  (»f  tet^mus,  diluted  with  distillecl  water  and  exposal  to 
direet  siinlight  at  temperatui-es  between  40°  and  50°  C,  Is  rendered 
inert  in  8  hours,  and  at  *ll^  C,  in  15  hnurs.  In  dried  condition,  it 
loses  it8  j>ower  alter  4  hours. 

Moisture  and  access  uf  air  are  alsn  ini[K>rtant  fact*irs,  as  has  been 
.shown  by  Momont,  who  found  tiiat  anthrax  bacilli  in  a  moist  state 
were  killed  in  2.5  hours  with  free  access  of  air,  and  survived  more 
than  50  hours  when  air  was  exclnde<b  Dry  bacilli  were  killed  with 
access  of  air  in  5  hours  ;  dry  spores,  exposed  in  glass  without  air,  were 
virulent  after  i  10  hours,  and  proved  to  l>e  more  resistant  than  others  in 
a  moist  state. 

The  rapidity  of  action  of  sunlight  is  inflneneed  also  by  the  number 
of  bacteria  present  —  the  gn^ater  tlie  nundier,  the  longer  the  time 
required  tor  the  bactericidal  effect  to  Ije  instituteih 

The  sterilising  intluence  of  sunlight  on  the  bacteria  of  drinking- 
water  ami  sewage  has  been  denionstnittxl  Ijy  Prociiccini,  Buchner  aud 
Minck,  aud  others  to  he  very  cfiusidemble,  espotaally  at  and  nc^ir  the 
surface.  Prueacciui  ^  obtained  prtsitive  results  at  a  depth  of  fn mi  26 
to  30  centimeters,  Minck  and  Buchner*  found  that  water  containing 
100,000  B  eofi  rommuiiiji  to  the  cubic  centimeter  was  rendered  sterile 
m  an  hour.  The  bacilli  of  typhoid  fever  and  eholera,  and  B.  pt/o^ 
cifautniJ^  also  were  tbnnd  in  he  destroye<l.  Cultun^  i>f  B,  tifphoHH^^ 
ex|>osed  at  a  depth  of  about  5  feet,  were  sterilized  in  41  hours,  but  at 
twice  tiiat  distance  bencLtth  the  surface  the  action  virtually  cease*!. 
Buchner*  found,  farther,  tliat  diffused  light  lias  a  strong  influence, 
even  aj^  late  in  the  year  as  November,  on  B,  mfi  eommtuth  luid  B. 
jtifttctfann(ji,  T\w  actJi>n  r>f  light  is  consilient bly  interfereil  ^vith  by 
jvarticles  in  suspension,  but  with  fairly  clear  watiT  the  effects  are  \wr- 
ceptible  at  a  depth  of  a  bunt  <i  feet.  The  action  of  sunlight  on  ba<*t4*ria 
in  the  presence  of  water  is  lielieved  by  nmuy  to  be  due  to  the  produc- 
tion of  hydrogen  (KTdXttle, 

The  obvious  disadvantages  of  n4ying  upon  sunlight  for  practical 
disinfection  aix^  that  its  supply  is  beyond  ctmtrol,  and  that,  even  on 
the  brightest  days,  it  is  iinpossil>le  to  apply  it  to  all  parts  of  a  house. 
Nevertheless,  its  beneticent  action  may,  under  favoring  conditions,  be 

^  ADOidtiti  *]«  rinHtitut  Pa.steur,  1892,  p.  28. 
'  Centralblatt  fiir  Baktenol%'ie,  XIl.,  No.  18. 

*  Anmili  dell%tituCo  d^igiene  i^perimentiite  della  reaJe  UDiTerBita  dl  Koma,  IIL, 
p.  437 

*  Central i>!att  fiir  Rnkterblope.  et<-.,  Xh,  p.  78L 

*  Archiv  fiir  Hygiene,  XVI L,  p.  177. 
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taken  advantage  of  in  tbo  tre^itnient  of  fnrniture,  hangingiSy  and  deo>* 
ration^?!,  often  tlie  most  troublejiumo  objects  to  diitiufect,  eHj^ecially  in  a 
country  praetii't\ 

Heat. — For  |»urpc»scj^  of  disinfection,  heat  is  employed  as  **dn* 
heat/'  /.  f\,  hot  air,  aot]  **  moist  heat/'  *.  r,,  t^tejim  and  boiling  water. 
Steam  is  emphiyiHl  under  various  pn^ssnres  in  \x>th  the  8Jiturat4rxl  and 
superheated  o>ndition.s.  In  both  conditions  it  i*^  at^tually  dr\%  althou^h^ 
as  very  eoinuionly  untlerstixwl,  niiturated  steam  is  associated  with  t!ie 
idea  of  moisture.  **  Wet  ■ '  steam  is  fiartially  condensed  saturated 
gtram,  and  contains  siisjM'uded  particles  ui'  water.  The  tern jK*rat lire  at 
which  steam  is  iornied  depends  upon  the  pressure ;  and  wFiatevcr  the 
temperature  and  pressure,  a.s  ebullition  begins  and  proceeds,  the  water 
is  maintained  at  that  temperature,  and  is  ct^n verted  eonstantiv  into 
8tc£tm^  in  winch  the  heat  employtil  becomes  latent.  Until  all  the 
water  has  lx»come  converted,  the  result iufi;  st«im  is  said  to  be  mitumlai^ 
since  any  vapor  in  the  presence  of  the  liquid  from  wbich  it  originates 
and  in  thennal  eijuilibrinm  is  necessarily  satunited.  In  the  saturated 
state,  it  ctm  neitlur  do  work  by  expansion  nor  be  cooled  witliout 
under^iing  jiurtial  anidensution. 

When  saturated  steam  is  farther  heattMl,  its  temperature  risei?,  and  it 
\b  then  known  as  miperhettivd  ;  ati<l  then,  having  a  tenipemture  higher 
than  the  condensing  pr»int  corres|ionding  to  its  actual  density  and 
volume,  it  may  be  eook»<l  and  t^ao  d<>  work  by  expansion  without  l>eing 
cM>ndense*k  Wlien  very  much  sujHTheati'*k  it  lie  haves  more  ami  more 
like  a  pcriect  gas,  while  satunited  steam  ditifers,  as  a  nde,  etmsiderably. 
If  water  at  the  temfKrature  ttf  superheated  steam  be  mixtHl  with  the 
latter,  scime  of  it  will  ^le  vaporize^l  and  taken  up  ;  but  mixed  with 
eaturatt^l  steam  at  i\K'  sjime  temperature,  no  such  action  wilt  oeeur, 

Af*eording  to  R ideal,'  the  first  reconkMl  ex jRTi merits  in  the  sterilizing 
of  organic  matter  by  the  appliaition  of  heat  were  tho8e  of  Needham^ 
made  prior  ti>  and  during  the  y«ir  1 743,  and  the  tii-st  ap])li4-ation  f>f 
this  agent  to  disiofeetion  on  a  large*  scale  was  made  in  1831  by  Dr, 
Henry,  F.R.8.,  who  tn^"ite<l  infected  i/lotliing  with  hot  air »  and  showed 
that  the  clothing  of  scarlet  fever  j>atients,  subjcettd  to  a  tempeiuture 
of  200^  F,  for  two  to  four  hours,  would  not  propagate  the  disease  if 
worn  by  healthy  persons.  Tbe  first  use  ot*  direct  steam  i\B  a  <lis- 
ini'eetaut  was  made  under  the  <li  reef  ion  of  Dr.  A.  N,  Bell,  U,S.N*, 
in  the  wise  of  the  steamer  \^ixen  and  schooner  MahoneA^  which  were 
infectwl  witli  yellow  fever  while  on  servi(*e  in  the  Mexit^n  war  in 
1848.  Knowing  of  this  use  and  its  obs<'rved  results,  at  the  Quamn- 
tinc  and  Sanitary  Convention  held  in  Boston,  Mass.,  in  June,  18«jO^ 
the  committee  rceommended  that  **  steam  gencnitors  and  steam  jacketsi 
or  vat^  be  provided  for  the  distnfcTtion  of  all  |K*rsonal»  hospital,  and 
ship's  clothing  and  liedding,  together  with  such  other  infeeteil  goods  or 
things  as  miiy  projKTly  be  subje<"ted  to  high  steam  heat/*  ^ 

In  1862,  actHjiding  to  Dr.  Bell,  the  U.  S,  Transpirt  Delaware  waft 


*  DiBinfection  and  Disinfet'tunts,  London,  18^8,  p.  20. 

*  The  Sanitarian,  June,  isy". 
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disiufectetl  by  t^ieam  at  the  New  York  Qnarantine  Station  on  accoiint 
of  yellow  fever,  this  being  the  Urst  tiisinfection  of  a  ves8el  at  that 
Htatioii,  and  probably  the  first  at  any  of  the  port  quanintineH,  Accord- 
ing to  the  same  antb4}rity;  Commander  Ralph  Chandler,  of  tlie  U.  S.  S. 
2)o/i,  from  Santa  Cruz,  W,  I*,  reported  to  the  Navy  Department  that 
his  vessel  had  been  infected  with  yellow  fever  in  its  wnrst  form  (23 
cases  with  7  deaths),  and  tliat  !ie  had  disinfetttiHl  the  ward  room  and 
berth  deek  sneeessfuily  by  means  of  steaiu.  He  rec^otnmended  tiiat 
vessels  destine<l  for  service  in  the  West  Indies  be  provided  with  means 
of  steaming  the  lower  decks  and  holds. 

Dry  Heat. — Dry  heat  is  ninch  less  eftective  than  moist  heat,  even  at 
mnch  higher  temperatures  and  with  longer  exposure.  Thus,  air  at 
300^  F>  requires  three  or  four  times  as  lout;  to  aeeomplisli  the  same 
work  as  steam  at  212°,  and  posse?8es  the  additional  disadvantaj^e  of 
injnring  fabrics  and  other  objec^ts  exposed  to  it*  Most  fabrics  of  eot* 
ton,  lintnv,  and  silk  will  witlistaud  an  exposure  of  several  hnurs  to  dry 
httit  at  2W^  F,j  but  beyond  this  iH)iut,  evidence  of  imjmircil  tensile 
Strength  is  smm  manifested.  Even  at  302°  F.  (ISC^  C),  <lry  tieat  was 
foimd  by  Koch  and  Wi*llfhug^4  to  Ijc  nut  always  efft^tive,  even  after 
two  hours,  while  btnling  water  and  stream iug  steam  at  212°  F.  were 
found  to  produce  the  desireil  results  in  a  very  sliort  time.  But  Schura- 
burg^  has  shown  that  air  heatetl  to  212*^  F.  will  destroy  the  common 
nou-sporing  pathogenic  bacteria  if  it  eontaius  55  t^  65  relative  humid- 
ity. Tliis  condition  can  be  se<ninxl  by  placing  pans  of  water  within 
the  sp4ice  where  the  infected  objects  are  treiited. 

Steam.— Although  steam  had  been  recommended  and  nse<l  for  pur- 
poses of  disinfection  as  early  as  1848,  and  although  Pasteur,  Tyndall, 
Cohu,  and  others  had  demonstrated  in  a  nnmber  of  extensive  scientific 
investigatiuns  tlie  >teriliziug  action  of  mr>ist  hi^at  on  pntrefaetive  bac- 
teria and  otht^r  micro-organisms,  and  Tyndall  had  sliown  the  necessity 
of  discontinuous  boiling  for  the  sterilizati<m  of  spurc-ljearcrs,  tlie  first 
investigation  of  the  action  of  steam  on  the  vitality  of  the  l)acteria  assiH 
ciate<l  with  infective  diseasej^  wa^  that  conducted  by  Koch,  Wolif  hugeJ, 
and  their  ass<jciat*>i,  the  results  of  which  were  published  in  1881. 
They  demonstmteil  tlie  veiy  great  su|x  riftrity  of  steam  over  inu<'h 
hotter  air»  and  showt^l  that  the  mnst  resistant  spores  are  destruyed 
within  a  few  minutes.  They  studied  its  et!k*ts  on  the  tlitlereut  kinds 
of  articles,  such  as  clothing,  beddings  furidtnre,  and  other  objects, 
which  in  sarutary  praftit-e  may  ref|uin^  to  l>e  disinfeetetl,  showetl  its 
applicability  to  jdl  cxeepting  a  limited  number,  such  as  furs,  leatlier,^ 
and  veneon'<l  furniture,  and  1*^1  the  way  ti>  the  instalfatitiu  of  jjubllci 
disiniectiug  plants  for  munieipaUties,  hospitals,  and  quarantine  stiitions., 

A  variety  of  apparatuses,  both  tixed  and  p<*rtal>le,  have  been  devised, 
and  their  use  is  steadily  on  the  increase,  not  alone  in  largt^  communities* 
hut,  esju'cially  in  Kurope,  in  thinly  settled  districts  as  well.  For  the 
latter,  the  jwrtable  apparatus  on  wheels  is  es[>eeially  adaptetl,  for  it  is 

*  Minhfilun^'en  i\m  dvm  kuiserlirlum  ru^KimrHieit^iinltv  L,  p.  301, 
'Zeilricbrilt  fiir  Hygiene  uud  Iiifecliunakrdnkhtiittii,  XLl.,  p*  167-  . 
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beyond  the  limits  of  n^asori  t*>  oxjKrt  small  towns  in  which,  pria 
infrctive  diswisrs  of  1  he  kinds   th;it  call   tor  1 1 loro ugh  dii? infection  ; 
only   o<:'€Jisiniial    visitors^    to   establish    and   maintain    public  ?iati 
whemis  a  uundKn'  of  sueh  t'oninumititss  may  have  joint  ownership  bl 
portable  machine  wbirli  may  he  dosputcheil  on  demand  to  the 
where  it«i  servicer  are  re^juired. 

The  i^^neral  plan  of  the  stationary  and  portable  machines  U 
tially  the  ^aine.  They  eonsist  of  one  or  moi-e  ehainber^  of  mf^v](i 
feize  to  atlmit  objti-ts  as  hir^'  a.s  or  larger  than  a  mlled  niaitK^*; 
a  boiler  for  the  geuemtion  of  steam,  which  in  admitted  thnmpli  pi{ 
eontrnlhnl  by  valv(^»  Tlie  most  appi'«»vfHl  machines  are  ?«)  ci^n^tr 
that^  after  the  objeets  have  beiMi  iiitrodueed  and  the  duurs  cltt?.id,  lk»a3l( 
taincnl  air  may  1m.^  withdrawn  and  a  partial  vacuum  of  about  20  i«rl 
|irLKlueed,  the  object  of  which  will  b(*  cxplaineil  later.  This  is 
duced  best  tlnv>ngh  the  agency  of  a  steimi  jet  itither  than  by  h  jh 
since  the  hvtter  is  much  shjvver  in  achieving  t!ie  same  result  and  cxd 
no  disinfecting  action  on  the  germs  that  are  i*ontjune<J  in  the  aif  wid 
dmwn.  The  bcxSt  machines  urv  provide<l  also  with  a  stc^rn  jacb 
which  assures  a  more  uniform  di  ft  us  ion  of  heat  in  the  chamber  ^ 
and  a  lessened  iipjM»rtunity  ihr  condensation,  and  a  nou-eoDclucti>| 
outside  casing  of  asbestos  or  asbestos-magnesia  composition,  U>  pn 
loss  of  heat. 

Tile  appiratus  in  use  at  the  New  York  Qnanintine  Station  mayl 
taken  as  a  tyjR^  of  the  most  approved  constrn(*tiou.  It  consist*  of ^ 
chamber  of  sti-cl,  tlic  inside  dimensions  4it'  which  are  4  feet  hy  3  i« 
3  inches  by  7  feet  2  inches,  with  an  outer  shell  o(  the  saimc  niaK*n 
and  an  intervening  si>iicv  of  2  inches.  The  outer  shell  is  enciwd  i| 
a  hirer  of  ashestos-magnesia,  l,o  inches  in  thickness,  for  the  prfVtliti<K 
of  loss  of  heat.  At  caeh  end  is  a  door,  made  to  fit  air-tight,  ■^wiif 
on  a  cnine,  and  fastened  to  the  ehtimber  by  n>eans  of  tnm4ui(!kk«. 
\\'ithin  the  chamber  is  a  movable  tnick  so  arrange*]  that  the  t-af, 
made  of  IJi  inch  anglc-fron  and  No.  6  gidvanized  iron  netting,  ihr  tk 
re<H*ption  of  articles  to  be  disinfeettnl,  may  lie  withdrawn  at  either  rud. 

The  steanj  froni  tljc  l)oiler  enters  the  chamlH^r  thn»ugh  a  2.^»  iw 
pi]H' at  a  pressure  of  lo  pounds  to  the  siiuare  inch,  or  at  such  olh 
|n'essnre  as  may  )>e  desired.  By  means  of  a  8tc*?ini  exhauster,  ( 
trolhxl  by  valves,  a  vacnnm  may  Ir*  proihieed  in  one  minute  eidi**ri 
the  chamber  or  in  the  spjice  In^twirn  the  two  ste*^  shells,  A  freshn^ 
inlet,  consisting  «if  a  L-'j  ineh  jnjH'  provided  with  a  valve  by  which  I 
is  ojiened  nm\  chised,  and  witl»  a  tine  brass  netting  for  the  ^*xch1^ifll 
of  matters  wliich  otherwise  might  gain  entninee,  connects  the  ehanjt 
at  its  up|>tn*  jKirt  with  tlie  external  air. 

Tile  appanitus  is  so  dis]nis(Hl   that  the  ends  of  the  chanilier  opfH 
into  rooms  having  no  communication  with  each   other,  one  K'iag  i 
tlie  retx^ption  of  infii'tetl  arti<'les,  ami  the  other  tor  their  delivery  aftii 
they  have  been  disinfwtc^ib^     The  articles  to  be  treated  are  placed  i 

^  The  foregc»inp  destTiption  of  the  npfmnitiiii  and  the  foHottirijr  Jircoutit  of  I 
inelhod  of  mierarioii  aix'  Jilistnutetl  fnirii  Assemhly  diHniint'Til  N<».  ^'SK,  **  Di»infectt«n  1 
Steam/'  hv  Dr.  A.  H.  Doty,  Henltli  Offit-vr  of  the  Port  of  New  York. 
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the  car  in  the  speeia)  nwm  fiir  thi^ir  reception,  the  dmir  is  then  holte<^ 
and  a  variuini  iA"  2M  inrhe^*  is  iilitainrtl  l»y  tlie  strani  exhauster.  Thi^ 
reiiirtves  the  air  IVhui  thi'  rJianihrr,  an<l  alsfi  tlie  air  and  tiicnsture  tVeni 
the  niateriiil  to  ha  tre;it4Al,  vvhieh,  iurruin^  a  eiL'^luoii,  wutild  pri'vent 
the  proper  entrance  of  the  steani.  Steam  h  tlien  adrattte*!  %'erv  mpidly, 
and  a  temperature  of  2W^  to  240°  F,  is  attained  within  *1  or  4  niin- 
ute^i.  After  16  inimites*  exptsure^  the  sttviru  exhuu^ster  is  again 
broii*;lit  intt>  phiy,  and  a  vacmnu  of  20  im-hes  is  a^ain  seeured,  Tlie 
fresh-air  inlet  is  then  o]H*ned,  aiul  by  mtans  nf  the  steam  exhauster 
a  current  of  air  is  dniwn  ihron^h  the  ehaml>er  and  its  contents  for  8 
or  10  minntes.  The  door  eouirmniieatin^  wifrli  the  serond  room  m 
then  i^p'ued  and  the  artieles  are  reuiovi'd,  unrolltHl,  and  exposeil  tor 
3  or  4  uiiniites,  at  the  expimtiou  uf  wliii-li  time  ttRV  are  completely 
dr>\  and  niav  be  tiikc^n  a\va\', 

Aceordinf:;  to  Dr.  Doty,  **  The  degree  of  improvement  in  the  drying 
process,  whieli  is  die  result  of  the  i-ondjinnl  action  i»f  th*^  .steam  ex- 
hanster  ami  the  fresh-air  inlet,  eiui  *inly  l)e  appretaateii  by  one  who 
has  waitnl  two  or  thn^  honrs  or  more  for  tlii^  same  result*  ,  .  . 
The  importance  of  the  rapidity  with  wiiieh  this  work  is  now  {H^rformed 
and  the  material  dricil  is  especially  appret^iated  in  the  tifatment  <»f 
mail,-'  in  whieli  a  letter  nnsealeil  or  [liirtly  nnse^diHl  is  very  niR4y, 
and  witli  the  siiperscriptiiui  atfk'ted  is  nt-ver,  tbund.  This  sjitisiac- 
tory  result  is  due  to  the  rapid  action  of  the  heat,  the  rapid  drying, 
and  the  prevention  of  the  spreading  of  the  ink  and  of  the  nnseiding 
of  the  (niekage. 

Thr  value  of  the  vacuum  in  steam  disinfection  lies  in  the  fact  that 
confined  air  in  the  chaml>er  muses  great  delay  in  the  attainment  of  the 
desired  temperature  and  inter feret^  much  with  the  [>enetrating  action 
of  the  steam.  In  Doty's  exptTimeuts  with  and  without  the  assist- 
ance of  the  vacuum*  s(4t-registering  thermometers,  [daced  wuthin  i>aek- 
ages  of  newsjmpers,  sheets,  blankets,  and  rugs,  showefl  ditferencea 
ranging  from  nothing  to  a  100  degnN's  (F,)  afler  *^  minut<*s'  exposure, 
the  higher  temjK'r.iture  in  each  case  being  reaelit^l  in  the  exj^erimenfc 
with  vacumn,  and  the  smaller  differences  ort^urriri^  wfien  the  articles 
were  loo^ely  wm|»|x»d.  With  huiger  exposure,  the  ililferenees  were 
considerably  smaller. 

Whi'u  no  a|)])!iance  for  setMiring  a  vaeutmi  is  a  part  of  a  steam  dis- 
infeetor,  the  <'(intaintMl  air  may  he  driven  (uit  through  a  vent  coutr<4led 
by  a  valve,  wbieb  is  oj>ene<l  for  a  time,  wliile  the  stwim  is  being  ad- 
mitttHl,  and  then  closed. 

Another  point  in  favor  of  the  vacuum  'm  the  lesss^ened  opportunity 
for  condensation  of  the  steanx  in  the  interior  of  bn utiles  and  in  the 
intei^^tiees  of  fabrics.  It  has  been  found  to  bc^  advantageous  to  fill  the 
chamber  sevend  times  at  short  intervals  with  a  fresh  charge  of  steam, 
and  wljcn  the  vacuum  appliance  is  at  hand,  the  time  rt-ijuired  for  this 
series  of  o{>erationH  is  le^sencil  muterialty. 

The  (lenetniti ng  jwiwer  of  steam  is  greatly  de|M'ndent  upon  th^ 
amount  of  pressm^ ;  the  lower  the  pressure,  the  less  the  |K'netnition, 
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With  machines  in  which  low-pressure  steam — a  pound  or  two,  for 
instance — is  employed,  penetration  is,  therefore,  veiy  slow  and  »- 
certain  ;  and  when  bulky  articles,  such  as  rolled  carpets  and  bed£a|^ , 
are  treated,  the  results  are  likely  to  be  unsatisfactor}\  For  raeh 
articles,  it  is  agreed  generally  that  a  pressure  of  at  least  20  pomdi 
is  none  too  great.  With  whatever  pressure  employed,  penetntiiii 
may  be  much  assisted  by  arranging  the  contents  of  the  chamber  m 
that  too  solid  packing  is  avoided.  This  is  secured  by  the  inteqMS- 
tion  of  wooden  slats  and  gratings,  which  leave  spaces  betweeo  tk 
different  layers,  through  which  the  steam  is  distributed  more  resdlr. 
With  low-pressure  steam,  condensation  is  much  more  likely  to  he 
troublesome  than  when  high  pressures  are  employed ;  but  ordiDarilf 
even  then  but  little,  if  any,  injury  is  suffered  by  the  most  deliortJ 
fabrics,  beyond  a  slight  impairment  of  gloss  or  the  imparting  ofi 
slight  yellowish  tinge. 

Fio.  91. 


Ground  plan  of  public  disinfectini?  station. 

In  the  arrangoniont  of  public  disinfecting  stations,  it  is  essential 
that  infwt(Hl  and  disiiifiK^tcHl  articles  shall  be  kept  strictly  ajwrt,  m 
that  nicjuis  shall  be  at  hand  for  the  proj)er  treatment  of  articles  not 
suited  to  disinfection  by  st(»ain.  As  an  example  of  simple,  conve- 
nient, and  efficient  arrangement,  may  be  cited  the  first  public  station 
installed  in  15<'rlin,  the  ground  plan  of  which  is  shown  in  Fig.  91. 
Here  the  infected  arti(»l(\<  are  unloaded  at  the  platform  Land  stored 
in  the  room  ./,  from  wliich  they  arc  carried  into  the  room  (7,,  Mween 
wliich  and  the  room  (t.,^  the  steam  disinfectors  are  installed.  TheT 
are  Ioad(»d  into  the  trucks  ft,  />,  />,  which  are  pushed  into  the  strain 
chambers  r/,  f/,  a,  the  doors  of  which  are  then  securely  closed.     Steam 

^  Taken  from  H.  Merke's  desi-ription  in  Vierteljahrsschrift  fiir  gerichtliche  Medici* 
nnd  ofTentliches  Sanitiitsweson,  XLV.,  p.  137. 


PHYSICAL  AGENTS, 


519 


is  admitted  from  tlie  ht»ik^r>  iti  n^nn  H,  arul  after  tlie  [>roper  interval 
<if  timCj  the  (IcKrrjs  of  th<'  eliiiniliers  ojiening  into  the  room  G^  are 
€>[Hnietl  aiul  tlie  trui'ks  uitlidrawn.  The  fHsiofet^ttNl  articles  ai^ 
removetl  ami  ciirritnl  inU*  tl*e  ??tnre-room  .1,  i'nmi  whicli  they  are  sent 
to  the  phitf(*riii  M  for  sliiptneiit,  in  .s|K*eial  wag^jtis,  hivk  to  tlieir 
owners*  ^4  is  a  rei>air  shop  aiul  .store-room  for  <:%ttil,  V  aud  D  am 
hatb-roofiis  and  water-closets  for  the  attendants,  and  E  is  a  store-room 
for  elieniiLtils.  No  tMmmiuni<"«itiun  wliatever  exists  Ix^weeii  the  rooms 
in  whicli  the  infeetetl  and  disiiifeetiHl  articles  are  storetJ^  nor  betwei'n 
Cfj  ami  6^2,  except  throntjh  the  steam  chanilxTSj  tlie  iliK)rs  of  which  are 
never  opene<l  at  both  emy  at  the  same  time.  The  work  is  dh*ected 
\yy  telephone  from  the  office  A",  whicli  is  shut  off'  t*ompletcly  from 
Jifand  J,  a  full  view  of  which  is  obtained  thnuigh  windows  hermeti- 
cally sealcil. 

Stciim  disinfectors  are  used  extensively  for  purposes  other  than  tlie 
destrnetion  of  disease  ^crms  ;  they  are  most  nscfnl  fnr  n^novatint^  bed- 
ding and  in  the  treatment  of  clntliiniTj  infested  with  lice,  which  with 
their  e^gs  are  killed  t|uickly  by  steam  at  any  pressure. 

BoiiiBg  Water.— Articles  not  injuriously  atteeted  by  boiling  water 
may  be  *lisinfected  most  conveniently  in  the  household  by  being  boiled 
for  a  half  hour.  This  suffices  to  kill  all  varietii^s  of  huetcria  and  the 
most  resistant  ^{H>res  of  |)athogenif'  bacteria  ;  in  lliet,  all  org-anisuis  ex- 
cepting the  s[><>res  of  a  tnimijcr  of  non-pathogt^nic  Iwctrria  whi(*h  are 
not  destroyed  even  after  prolonged  iMiiling.  This  method  is  adajilcd 
pat-tieularly  to  iMHl-linen  and  bmly-tinen  and,  in  short,  to  all  washalile 
fabrics  excc|it  wtMilhnis,  It  has  thi'  disaihantage  of  fixing  stains,  so 
that  they  Irccome  permanent  ;  tlicrcfort',  sheets,  night-ilresses,  and  other 
articl<^s  stained  with  bbxHl  or  excreta*  sliouhl  have  a  preliminar)^  s^mking 
in  cold  water,  so  that  the  spots  may  be  removed. 

Cold.^ — Although  eold  is  a  very  effieient  antiseptic,  but  not  ec^m- 
inonly  classe<l  a>  a  disinfectant,  it  ap|M»ars  tr»  have  destnictive  power 
over  certain  puthogeuic  Ijaeteria,  l>nt  none  wiiatever  over  eertain 
cithei'Hj  even  when  extremely  hnv  temperatures  are  eniployi'd.  Dur- 
ing the  eholeni  epidemic  in  (iermany,  in  tlie  winter  of  1892—93, 
Uif'elmann/  experimenting  with  cholera  germs,  concluded  that  they 
have  consideniblc  |K)wer  t^i  witlistand  er^lil  for  pLTi^xls  varying  with 
the  temperature.  Ken k' placed  tlie  limit  of  endurance  in  ice  at  8 
days.  Inoculated  water,  containing  G20j000  ]K*r  cc.,  was  frozen  at 
—  9»0'^  C.  and  kept  at  that  temperature  for  39  hours;  the  ice  was 
then  melte*!  and  tcstiHl,  mid  tlie  results  were  negative.  lA^ater  moi^e 
richly  inoculate<l  and  kept  fc»r  a  day  in  a  frcf^zing-mixture  of  ice  and 
^It  yiekkHl  negative  results.  Still  richer  water,  c<intaining  countless 
bacteria,  was  frozen,  and  after  48  hours  yielded  24,4t)0  ptT  cc,,  and 
after  9t>  hours  gave  12  negative  results.  In  iithcr  expcTimcnts  in 
M'liieh  tVc^ezing  was  interrupted,  no  orgtuiisms  were  found  after  ti  and  7 
days.    ButAVuknow^  kept  them  alive  more  tlian  a  mr^nth  at  ^32.5*^  C, 


'  ForLHthiTlte  diT  MtHlirin,  Muy  l-j,  1893. 


»  Wrutsch,  1893,  Na  8. 
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TliL"  typhiiitl  uri^aaism,  us  Is  wx'll  kriuwu,  may  survive  tbetctumi 
enld  fi»r  a  loii^  time.     This  wa**  well  showu  in  the  experieow  erf  Hj-J 
iimiith,  Pa,,  whiTe,  in  lHSr>,  a  must  devasUitiii^  e|>ideuiic  fnviifTwl  if 
thr  tlmwiug  out  of  an  juruimjliition  of  lyjilMml  t'xrrela  situaktj  mai 
]*r*M*k  wliic'h  siiiipIiHl  the  ttmii  with  drinking-water.      (See  psi^i*  3^.lJ 
Pntdden  ^  Ims  sliuw  n  tbat  the  typhoid  liaeilhrs  cuii  wHtb^ttiind  fi 
ti'ni{R'niture.s  for  no  k'ss  than  lUo  days,  but  tbni  alternate  fr 
tluiwin^^  cannot  long  be  withsttMnL 

N«»n-.sjiornlating  anthrax  haeilli  bare  but  little  res^istance  to 
ten  ip<  Tat  ares,  and  are  killed  very  ijuirkly^  but  the  spores  have  lieen  imi 
by  Frankiaiid,  Piotet,  antl  others  U\  be  not  affeet^Ml  by  repeated  fn 
and  thawinp  Meyer '^  found  the  sjKjrei^  to  Ik*  iiuaffeettd  by  15  min- 
ntes'  ex|M>snre  to  tbe  teni[wnitniv  of  liquid  air,  Knsanskc?y  ^  pa-  ' 
l*>  eulture  tnl>es  of  dijihtheria  Iwieilli  to  the  winter's  eold,  .«o  timt  i 
Diontbs  tliey  wei\'  froisen  eoniinuonsly,  the  teni|>enitune  at  time?  (kit- 
ing to  -  25'^  C,  and  found  arter  6  m<inths  but  1  wbieh  eontaiool 
Hvin|r  bacilli.  Cultures  of  plague  Iwieilli  kept  at  — 24°  C  yielded 
living  orjy^anisins  at  the  end  of  lV\  days,  but  none  after  G  months;  Utl 
cultures  on  agar  ex|K>setl  to  lower  tenipt^mtures  were  active  at  th*  tn! 
of  nearly  6  months. 

The  exewdingly  low*  tenij>emture  of  licpiid  air»  —312°  F.,  a[»jv-iF>  m 
have  n<i  effect  on  organisms  subjtvte^l  to  it  for  short  i^eriods.  Ravt^ieM 
immerstxl  silk  threads,  bearing  antbnix  spores,  B,  profrtifimm,  B.  if 
phomii<j  and  B,  diphthcrkt:^  m  liijuid  air  for  varying  perifxl?,  and  thfti 
planted  them  in  bouillon*  Not  ordy  were  the  iMcteria  not  kilknl,  liiit 
their  growth  was  in  no  way  inhibittHl,  multiplication  being  in  eventn- 
stanee  as  rapid  and  vigorous  as  with  the  eontrols.  The  anthnix  ^p:>J1'* 
were  (exposed  as  long  as  ti  hnurs,  but  the  diphthrria  org:inism  im  hwpt 
than  i*0  minutes,  auil  the  other  two  foniis  not  more  than  1  hour* 

Still  more  conelnsive  aii*  the  ejcperiments  of  Maefadyen  and  R>v- 
laud,^  who  subjirted  la'ottj  emulsions  of  B,  ttfphoHUJ^^  B.  co/i  cothm<  , 
//,  (Uithlhrrhr^  IL  prokns  vufffunt*^  B*  arnfi  hrtk'i,  Sp,  chofem  J^"'"  ■ 
Staph}/lworeu8  pyogencJi  aurt'iifi,  B,  anthracis  (s|x»ridating),  B, ]*hofjil*'>' 
/v^**vM,  a  sareina,  a  satx4mromyces,  and  misteri!izi:*<l  milk,  heniH'ticallf 
sealed  in  fine  quills,  t^»  the  ndrigeniting  inf1neni*e  of  liquid  air  for' 
(lays.  At  the  end  ot' this  time,  the  quills  were  withdrawn  and  :ill 
to  thaw\  Cidture  ex|nn'imeiits  provt^l  tliat  the  vitality*  of  the  v:im 
micro-organisms  was  in  no  way  inifKiired.  Everj'^  species  j^rew  weili 
the  photogenie  baeteria  grew  and  emitted  light,  and  the  DiiJk  became 
eunlleiL 

CHEMICAL  AGENTS, 

The  list  of  substances  falling  under  the  ht^ad  of  chemical  di^infi'^* 
ants  is  very  long,  and  includes  a  wide  varit^ty  of  organic  and  inoipiiii'' 
com|x)uniis,  some  of  which  ai'e  g"ase^,  dome  liquids,  and  others  soluMc 


«  Medical  Rerni-d,  Marth  2f\  1887, 

'  Cftilralbktt  fur  Biikteriulugie,  XX VII L,  p.  594, 

»  llndem,  XXV.,  p,  122. 

*  Litnct*!,  April  21,  VM). 
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8alts.  While  it  is  very  Icm^^ — Inr  uliiic>st  any  c'liriiikiil  .sul>stinict»  |m»s- 
sessos  uihIit  one  rrnHiitina  ur  nmyiUvr  a  t'erlaiu  <!e^nve  of  haot4M-icitkLl 
power — t!ii:  arjuiber  uf  ap.*m.'^  wliieh  roay  Ih^  re^inlrtl  as  triistuin'tliy  in 
actual  ji^encral  luiietice  is  exeenling  stimll.  Many  slIb^ti^nt'os  wliieli 
have  a  hi^jrh  repiUati<m  for  ettieicnev  are  Jbmul  to  be  aetiially  vvorthles8 
when  snl^jeetcd  to  niorlern  luetlitHls  of  testiutTi  and  others  whieh  yield 
primiising  resnhs  io  the  iaboratiirv  are  tinind  oi'ten  to  fail  when  nsetl 
nnrler  the  eonditifjus  which  olitain  in  practice. 

The  iiiidcscrvixl  reputation  of  niauy  prepanittons  is  l>ased  wholly 
upon  the  apiuircot  influence  whieh  they  have  exerte^l  in  limiting  the 
s|jread  of  inteetions  disejises,  and  it  has  nfit  he<Mi  inijiairetl  by  unex- 
j*!aiuable  failnre  to  accoiuplish  the  same  result  at  other  times.  An  out- 
break of  an  infectious  disease  CMJcars,  for  example,  in  a  board ing-sehfM>l^ 
aud  duriui^  its  e<uitinuance  a  uuinlR*r  of  Jwttles  of  ^ouie  projvrietary 
pre^Kiration  are  used  ;  tm  furtlier  eases  are  re|»orteil,  and  the  ertJit  is 
given  Ui  the  disinfectant.  Six  months  later,  jM^rliaps,  anotlier  outlu'eak 
t>ecurs,  aud  J  iu  spite  of  the  use  of  the  same  agent,  it  sjirt^ids  aud  the 
school  is  elostnl  ;  this  result  is  not  ehiirged  on  the  other  side  of  the 
aecH^unt,  but  to  tlie  iuserutable  wavs  of  Providence,  and  the  fame  of  the 
disiufts'taut  is  iu  n*j  way  injnre<h  In  many  instauees,  strengtii  and 
f)c<*uliarity  of  othu^  are  the  only  fjualities  necessary  iW  the  laiilding  up 
of  a  reputation  for  erticicueVj  fi>r  tJiau  h  wont  to  attribute  |Mjteut  pn>i>- 
erties  to  uu usual  things. 

Mauy  substances  have  uu<loubtcd  germicidal  [lower  over  certain 
forms  ttf  bacteria,  and  are  quite  int^t  against  othei-s  ;  some  will  kill 
every  known  form  under  some  conditions,  and  yet  uuiy  wholly  fail  to 
alfei^t  Ixtcteria  of  slight  resisting  power  protecte<l  by  nmeus  or  (jther 
matter,  oc  may  even  Ik*  rendiTHl  iiur-rt  almost  immxiliatcly  by  elieinical 
uni<ai  witli  some  cither  substance  aeeitleutnlly  present. 

Chemical  disinf*'ctauts  act  iu  various  ways  to  bring  about  the  dc- 
strnctiim  i>f  bacteria.  Kome  act  directly  upon  the  bacterial  protoplasm 
aud  cjiuse  its  eoagulatinn  ;  some  bring  al>ont  changers  in  rt^etion  favor- 
able to  life  aud  growth  ;  Siime  destroy  nutritive  materia  1  by  chemical 
change;  some  take  n[»  all  the  available  oxvgen,  thus  Ivecotning  tliem- 
selves  chaugcil  in  chanu-tcr  w^hile  depriving  tlie  Imctcria  of  nn  essiiitial 
element  ;  aud  others  bring  in  such  an  exe*es*»  of  this  n^nie  elenteut 
that  tlie  bat^teria  carmot  withstand  its  action.  Some  even  .stimulate 
nui!tii>lieation,  and  tluis  act  only  indirectly  liy  juvunoting  the  fornuitirui 
of  organic^  com[*iiuuds  which  exert  a  destructive  influence  npou  the 
organisms  by  which  they  Ixave  been  priKluccd.  The  disiufectiint  pi>wcr 
of  many  of  the  metallic  salts  depends  partly  njmn  tlii^  nature  of  the 
eolveut. 

Ditlerent  agent**  pmtlnee  their  best  results  in  Jiffei-ent  degnx's  of  con- 
ceutmtion  ;  tluis,  while  oiu'  iiuiy  be  efficient  iu  5  |>er  cent,  sohitiou, 
another  may  act  equally  well  or  Ix'ttcr  in  0.10  j>er  cent,  or  even  weaker 
R^lution,  Some  agents^  as,  for  instauce,  alcohol,  art*  most  bactericidal 
at  some  one  jKiiut  of  eoucentnttion,  and  above  and  below  this  the  p]*<>j>- 
erty  progressively  diminishes*     Iu  applying  any  agent  whose  best  work- 
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iQg  strength  is  known,  it  should  be  l)orne  in  mind  that  it  is  not  nf* 
ficient  to  use  a  small  volume  of  solution  of  that  particular  strength, hot 
that  the  substance  itself  must  be  employed  in  such  an  amount  that  it 
shall  be  present  throughout  the  wht>le  mass  in  the  projwrtion  requirei 
Thus,  an  agent  which  is  effective  in  2  per  cent,  solution  cannot  be  used 
in  that  strength  to  disinfect  an  equal  bulk  of  infective  material,  sinee 
the  mixture  would  then  contain  but  1  i>er  cent. 

Non-metallic  Elements  and  Their  Oomponnds. 

Oxygen. — The  disinfectant  property  of  pure  air  Ls  due  to  iti 
oxygen,  which  attacks  organic  matter  under  favorable  conditions  and 
converts  it  in  great  part  to  carbon  dioxide  and  water.  Prolong 
aeration  is  rightly  regarded  as  a  valuable  assistant  in  disinfection,  bat 
it  should  not  be  overlooked  that  when  infected  objects  are  exposed  to 
moving  currents  of  outdoor  air,  they  are  subjected  also  to  the  powerftl 
influence  of  the  chemical  rays  of  sunlight  and  to  the  possibility  of  desip- 
cation.  Oxygen  acts  most  jwwerfully  in  the  nascent  state,  as  wha 
lil)erate<l  from  compounds  whost*  decomposition  results  in  the  escape  of 
the  gas  in  the  free  condition.  Among  these  compounds,  ozone,  the 
allotropic  form  of  oxygen,  containing  in  each  molecule  three  atoms 
instead  of  two,  and  hydmgen  peroxide,  may  be  mentioned  as  conspico- 
ons  examples  of  oxidizing  agents  which  iiart  verj-  readily  with  the 
loosely  held  element. 

Ozone,  in  the  minute  amounts  in  which  it  exists  normally  in  air, 
cnu  hanlly  be  regarded  as  an  imiK)rtant  influence  in  practical  disinfec- 
tion. Produced  artificially  by  means  of  the  silent  eltnitric  disclmrge,  it 
is  found  to  Ik*  possessed  of  marked  bactericidal  jK)wer,  and  hi^  been 
reconiniendcKl  highly  for  sjiecial  work,  j>articularly  in  the  sterilizatino 
of  drinking-water.  The  researches  of  a  number  of  investigators  have 
demonstrated  that  dry  bacteria  are  not  much  affected  by  drj'  ozone, 
but  tliat  in  a  moist  condition  they  are  quickly  destroyed  bv  small 
amounts. 

Krukowitsch,  quot<Hl  by  Kowalkowsky,*  exj)erimenting,  in  1882, 
with  putrefactive  bacteria,  found  that  3  milligrams  of  ozone  per  cubic 
meter  of  air  killtKl  fresh  Ivaeteria,  exposed  on  paper,  within  an  hour, 
and  8  milligrams  \k'y  cubic  meter  sufficed  to  destn>v  the  dried  organ- 
isms. Lat<T  (1888),  Lukaschewitsch,  exj)erimenting  with  B,  suUiliti 
B.  authrarin,  Sp,  cholenr  Asiaiica:,  and  certain  putn^factive  bacteria, 
obtaincil  results  which  were  less  favorable,  but  in  agreement  in  so  far 
as  they  demonstrated  the  relatively  slower  action  exerted  on  drj' bacteria. 
Spores  of  //.  st(hfi/is  and  B,  (t)i(hravM  in  a  dry  state  were  unaffected  bf 
l..")0  ^nuns  of  ozone  j>er  cubic  meter,  and  the  comma  bacillus,  in  a 
moist  condition,  was  not  aff'ecteil  until  after  15  hours'  exposure  to  the 
siune  atmosphere. 

Ohlniuller^  eraploye<l  a  mucli  greater  strength,  namely,  lo  gram.* 

*  /x'it«<flirift  fiir  Hy^'ionc,  IX.,  |).  H9. 

^  Arbeiten  au8  deni  kaisorlirlu'n  (iesiindheitHanite,  VIII.,  1892,  p.  229. 
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to  the  ouhio  tiiot<*r,  iitul  oontlnctiMrl  the 
whifli  bacteria  were  KU?*j>ejulecl.  Wat-*?r  containing  anthrax  spores  wati 
steriliz^^l  in  It)  minutes  by  H9.9  inilli^riims  cjf  ozone;  and  contain- 
ing milHiins  of  ty[)hi>itl  and  elmlera  geruLs  to  the  etibic  eentinictcr, 
in  2  minnteiJ  by  less  than  20  milligmnis.  River- water  and  sewage 
w^ere  found  to  Ije  inrieb  less  affected,  bnt  with  fUily  nuMlenite  pol- 
lution it  apjieared  probable  tliat  in  u/jmv  might  Ik.^  inund  a  cheap  and 
efficient  means  of  |jnrifyHig  drinking-watfr.  l^iiter  on,  a  unmber  of 
processes  were  devise<l  for  thi.s  juiriiose  an<l  ciirri<Hl  out  on  a  large  scale. 

In  the  hope  of  arriving  at  »onie  definite  couclunion  as  to  the  avail- 
ability of  o?nme  na  a  room  disiniectant,  Ransome  and  Foulerton  *  eon- 
diictcil  a  series  of  exix^rinjcnt.*  in  whirh  large  cpiantities  wiTe  ust-d,  mixcil 
with  air  *vr  with  pure  oxygen.  The  f>rgindsms  euiphwed  as  tests  in- 
cluded B,  hii/eri'iiloma,  B,  mallet^  B.  flipktheruVf  B.  nntiwdew  (>[)oring), 
B,  itfphoHua^  B,cofl  t'ommnnUf  B,pt/o(*ifttnefi.%  fi,prt^«wifj»i(i'(Frieillander), 
B,  prodif/ioHU-f<j  Staph,  pi/or/nieji  aureus ^  Strep,  ptff^p-nrs,  Mit^f.  i'trutik'^nSj 
SfU'chnromifrcH  aihifytttii^  Sarciita  refttnrtiff^  and  an  anaer<*hie,  s|Hjnug, 
butyric-acid-fonniug  bacillus.  Tlie  results  demonstrated  that  dry  iK/.one 
has  no  appn^eiable  action  on  the  vitality  of  thes<^  orgiudsms  ;  that  prt>- 
longed  exj>osnre  does  n4>t  diminish  the  |>atlnigenie  virulence  of  B*  tuher^ 
iu/oHfji  in  sputum,  IL  uitiffei  tu^  B.  nHtiuart,^  :  that  ozone  pasHnl  thi'ough  a 
Huid  medium  c*nitaining  bacteria  has  germicidal  power  :  '*  that  any  puri- 
fying action  whicli  t»z<jue  may  have  in  the  ei-onomy  of  nature  is  due  to 
thedire^'t  ehemiefd  oxidation  of  putrt^scihle  matter  ;  and  that  it  diK^s  not 
in  any  way  hinder  the  aetitju  of  bacteria,  which  latter  are,  indec<l^  in 
tlieir  own  way,  w« unking  towaril  tin*  siune  end  as  the  ozone  itself  in 
resolving  <lea*I  organic  nnitter  to  simpler  nou-putrescihle  substances/' 

Hydrogen  peroxidei  H^O^  is  quite  stable  in  the  pre:4enee  of  !^ome 
substances,  but  gives  up  its  IfHisely  conibined  atom  of  oxygen  very 
readily  to  othei*s.  It  is  a  powerful,  odorless  oxidizing  agent,  jircpunxl 
by  the  action  of  dilute  sulphuric  acid  <m  t>arium  peroxidi\  li  is  di*- 
.structive  of  bacteria,  l>ut  has  no  action  on  the  enzymes  i>f  the  digestii^e 
juices,  and  in  dilute  form  is  neither  poisoijous  nor  irritant  in  the  human 
system . 

Acconliug  to  Altehofer,^  in  tlie  im^i^vrtion  of  1  part  in  1,000  of 
water  containing  the  organisms  of  cholem  and  typhoid  iWt^r^  it  prt>- 
dnees  sterility  within  24  hours.  In  1  p^r  cent,  solution,  aec^irding  to 
Traugott,'*  the  bacilli  of  dipht!ieria  antl  typland  fever  are  killed  in  5 
minutes,  the  organisms  of  erysipelas  ami  ehnlrni  in  2  minutes,  Streptf^ 
i'ori*ftt(  pjfogvnes  in  10  ininutes,  and  N/f////ryo(Virfv//*  ^]>ym/r/^f'.>r  i'nfreiw  in 
from  15  to  30  minutes.  With  half  this  strcngtii,  tlie  typhoid  oi^ganisoi 
and  StfrptocorcHM  pyogenei<  tu'c  destroytiit  with  equal  promptness,  the 
eholcni  and  erysi|w»las  oi-gjmisms  in  5  nu'nutes,  tlie  bacillus  of  di|)h- 
theria  in  Ih^  mul  SffTphtiioe*H't'its  pifOfp^tie.*^  anrrufi  in  an  lionr.  It  is 
Wieved  hy  many  tliat  the  bactericidal  etf(H»t  fif  sunlight  on  orgiinisnis 

1  Public  Hesdih,  July,  KH>],  p.  684. 

'  CeTitnilbUut  fur  liilktenologie,  VI 11,,  |k  1'2VI, 

■  Zeitiiebrift  fiir  Hjgiene  und  Inft?i'ii*^iiskmiiklK"itt*n,  XIV.,  p*  427* 
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in  jiiirfiirt^-waters  is  iIim*  tn  the  hyilntgtii  |x*mxide  pniduoecl  ihruu^ite 
iiifliu'iicv. 

Chlorine,  l>ntli  iji  the  JWe  giisiMHi^i  amilition  and  iti  sohitinii  in  ^uU-r, 
Ims   vi^ry   prwrrfnl  disinfi'etant  und  tkHKiurunt  proj>ertie&.     It  tlt»'«tni- 
pcises  tlit"  utit'UHive  ga^seouti  proiluetis  of  putrefaction,  such  as  an  in 
:uh1  snlplunTttttl  hydrogen,  and  in  tht*  prescuot*  of  nKtistuiv  unit*-?  ^nt\ 
liv*h"ogi*n,  thus  lihiMiitiiig  oxygcni  in  thv  na&eent  stiite,  which  i.*  enaUwl 
tbcrehy  to  fxert  its  jM>\vtr  agaiiLst  orgjudc   matter.      In   die  <ln'  -tale, 
its   dij^iniectant   action   on  dry   matter  is  but  !=«ligljt    and   uurvhaUr, 
bnt  in  the  presence  of  a  moderate  degree  of  atmosplierie  moisture,  its 
etltNi't  on  orgsniic   matter  is  eoosideralile,  as   ih  hhown   by  its  t  * 
ing   aetioji   on   «lye<l    fabric.s.      Tlie  exhaustive  n\**efirch  t»f  Fis<;li 
Proskaner^  deinonstnited,  however,  tliat  cblurine  as  a  fumigatiu;:    . 
is  untrustworthy,  atnl  that  its  application  is  attendetl  by  sc^^io^^  •! 
vantiigcti.     The  test-obje^'ts  eniployetl  embraced  a  somewhat  wi<lr  \ 
of  patliogenic  anil  nr»n-]iatbogenie  oi^misms,  and  were  exjwised  untl 
ditlerent  conditions  of  nioisture  and   dryne^^s   for   vflrying  |H^rifxLHi 
to    dliierent   preentages    of  the  gas*.     The  iTjinlt^,  ass  a  whole, 
highly   unsatisfaetory  frcmi  a  |jracticjd  staud[Miint,  im  acH^^ount  of  1 
impossibility  cvf  pro|>erly  regujaling  all  the  ntK^essar)*  conditions?,  l 
absence  of  |K*netnUiug   p<twer,   the   destructive  action  on   fabrics 
other  articles,  and  the  uncertainty  in  achieving  the  objix-t  sought. 

"Chloride  of  Lime/'  wliieh  is  a  eoiubination  of  csdciuni  chin 
ami  hypocldorite,  the  rc^nlt  of  pnssing  chlorine  over  dr}^  slaked  111 
was  ill  use  as  a  disinfielant  and  (h^Klnnuit  for  a  long  time  l)eton» 
development  of  the  science  of  bacteriology.  In  1881,  in  the  cuar»=e^ 
the  iirst  real  investig:ition  of  the  properties  of  what  were  comnioo 
regarded  as  disinfectant^,  Koeh  obtiiiued  very  unsatisfact4iry  resuM 
frr^m  his  tests  Avith  this  :igent,  which  thereupon  to  a  great  extent 
diseanled.  In  188r>,  Sternljcrg,  then  chairman  of  the  conimittce 
the  Ameriean  Public  Ilndtli  Ass<xnatirui  tn  which,  in  1K84,  the  !^ik 
jeet  of  disinfectants  hat!  ln-eii  referral,  totik  very  different  gr«»uitt 
n»gsirdiug  tins  suxd  other  hyiMX'hloritcs,  and  assertetl  their  effieienn' '* 
no  uncertain  terms.  Sini*e  then,  tin*  matter  has  been  the  subjtK't  < 
luanv  iuvestigtitions  l)y  cmnjietent  itbservers,  and  while  in  stmw  ban 
the  results^  have  faile*!  to  Ik'  unifonnly  favonible,  the  w*ork,  sis  a  vvbJ 
has  sustaiur-ii  the  [position  taken  by  Hternljcrg  as  a  result  of  hU  u^ 
experiments. 

WirninzntV,  AVinognidolf,  and  Kole^nikoff^  demonslnitod  ih 
anihnjx  sjuhvs  were  killed  in  1  niimitc  by  a  5  per  cent,  soluti*^ 
although  in  K^wh's  experiments  they  had  been  found  still  active  lit  tk 
expiratiun  of  2  dayw.  pJaeger;'*  in  ]8M1),  concludetl,  nfler  a  series  < 
t<*sts  witli  a  nnndxT  of  gfHK^ies  of  |>jithogcnie  Imcteria,  that  it  i*  a  vc 
efficient  disinft*ctant,  even  in  wesik  solutioD8.     Nis.sen,*  in  1890.1* 


*  Mitriii'iliinRen  aim  d*  in  kairterru  h*.'n  C;esuiu1hett;«guiite,  IL,  p.  238. 
»  fViilnilbliitt  fiir  IkktonoloK:ie,  \m7,  ]h  541. 

*  Arbt*it<?n  am  dem  kiowtrluln-i)  tifj^iimlheitnamte,  V.,  p.  247, 
* Zfitselirill  fiir  Hyg-iene^  VlJJ.t  p.  02, 


mmiite  t>y  u.in  |kt  cent. ;  i>T/^/j^////fX'OfY^i/^  pi/of/enes  aureus  ; 
eofruii  fT}fmj}eJatift  io  f)  miniitt*s  by  U.12  anil  ihl')  [>erct'nt.,  resjiectivt'lv, 
aiul  in  1  nnniito  bv  0:20,  Aiitiinix  s[x*res  *>f  h\\v  nsistiiui'e  wvrv  clf*- 
stn\v(xl  io  li)  niiivutes  Uy  5  |M'r  rent.  Mini  in  70  ininiite^  by  1  jht  cent. 
Very  r(\-iif^tJiiit  MiKiro.s,  r;i|Kil)k'  rif  surviving  4  bmirs-  inin)ersi<ju  in  O.lO 
j>er  cent,  corros^ive  »^ul»liinat<j  aiul  Ht  minuU*8*  <.'XjMhHUi"^  to  streaming 
steiini,  were  kille^l  in  4.5  honr^  In'  ^)  per  rent, 

Klein/  experinieJittn^  witli  MidiMni  hyjMH-lilonte  in  10  jht  cent,  so- 
Intinn  (1.0  jxT  eent.  elilorine)  an  the  eolnn  Ijiiei]ln>»  antlu'tix  sjMire.s, 
iStaphtfhcorrim  pi/of/enGii  tfurt'HH^  B^  enterlitdU  j<jjoro(^eti('^^  and  tbe  l>acteria 
of  typhoid  fever,  eholem^  and  swine  fever,  found  that  all  were  killeil  in 
20  minntes,  and  the  non-sp>rtJ-l>earer.s  in  10.  In  one-tenth  as  strong 
solntic^n,  all  but  the  two  kintls  uf  spores  were  tlestroyeil  within  20 
minuter*  Duggan^- working  aeeording  to  SternlxnVs  niethfwl,  re|MjrtHl, 
in  1885,  that  his  exj>erinients  had  shown  "that  a  solution  eoutaining 
€,25  |»er  cent,  of  chlorine  as  hypm^ilorite  is  an  eifeetive  gerniieide,  even 
when  allowed  to  act  for  only  1  or  2  niinutvs,  while  O.OG  per  cent,  will 
kill  sjxires  of  B.  anthnrf'i^  anil  //.  suhfiJi^  in  2  hcinrs," 

Tlie  eoinjMisition  of  *U;hloride  of  lime/*  or,  nn^re  ]m}\H}r\y ,  rhiorinafed 
//mr,  and  its  mode  of  aetion»are  matters  eoneerning  whieh  thei"e  is  cnm- 
.siderable  disagreement.  Tlie  sub.staiR*  is  held  varion^ly  to  Ik*:  (1)  a 
mixture  of  eah-ium  ebforideaud  lrv|wwhlorite  ;  (2)  ealeinni  hy|>(n4dorite 
in  whieh  one  CK)  is  replared  by  (1,  that  is,  (_'a(C10)rl,  whieh,  in  mn- 
tact  with  water,  is  l>roken  up  int^i  ealeium  chloride  anel  hyjmehlorite  ; 
(p^)  a  compound  oi"  c:d{'ium  hyp^K'hlorite  and  oxyebloride  with  4H.U, 
formetl  aceording  to  the  eqnatiun 

40iO^H,  +  2f ij  ^  C'aO/ij.  r'^j|0/n,4n,(  \ 

which  is  split  np  in  water  into  ealeinm  eliloride,  hvpiH^hlorite,  and 
hydroxi*Ie;  anil  (4)  a  eonifMinntl  of  itdciinn  ehloriile  with  Imlroxide,  of 
whi*"h  one  H  is  re[>laced  by  Cl.  It  is  white  or  whitish  in  ixJor,  and 
occurs  as  a  jMiwder  or  as  friable  lamps;  it  shcaild  be  <lry  or  ut»arly  so, 
anil  should  have  no  more  than  a  faint  inhtr  of  c^hhirine,  whieh  element 
4>honld  1k'  presiMit  in  available  form  t^)  the  extent  i^f  not  less  than  -^5 
per  cent,  to  conform  to  the  re<|uirements  of  the  U.  S.  P.  (British 
fstandard  ^=^  33  ]wy  cent.,  German  stamlard  =^  25  |>er  cent.). 

With  keeping,  uuiler  various  conditions,  (^hloriuateil  lime  may  nndergo 
ch'eotnjMisition  in  a  nutnlKT  of  ways.  A  pasty  condition  or  a  stn>ng 
odor  of  chlorine  is  evidence  of  partial  ileconipositiom  It  is  only  par- 
tially  soluble  in  water,  and  its  aqueous  pre|^anitions  art^  made  iM^st  by 
triturating  the  retpiisite  amount  with  water  to  the  eoiisisteney  i»f' cream, 

*  The  Ijineet,  Nov.  '2i\,  \mij,  p.  5()*J. 

*  Report  of  rlie  C^iruinittei'  on  DiBUiiti'iimlji  o(  the  Aiiitricim  Publit:  Health  AiscKd- 
alion :  Baltimore,  18H5,  p.  12, 
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and  then  diluting  to  the  desired  volume.  The  addition  of  acids  to  the 
solution  causes  evolution  of  chlorine,  but  the  carbon  dioxide  Dstuidlj 
present  in  the  water  or  absorbed  from  the  air  decomposes  the  hypo- 
chlorite, yielding  calcium  carbonate  and  hypochlorous  acid,  the  hto 
of  which  breaks  up  into  active  oxygen  and  free  hydrochloric  acid. 

The  solution  known  as  the  ''  American  standard  "  contains  6  oimeei 
of  the  powder  to  the  gallon.  It  is  used  largely  in  the  disinfection  of 
discharges,  and  for  scrubbing  floors  and  other  woodwork.  A  wedur 
solution  is  employed  for  the  treatment  of  infected  bed-linen  and  wadh 
able  clothing,  but  on  account  of  its  destructive  action,  these  artidci 
should,  after  a  not  too  long  immersion,  be  washed  thoroughly  in  jJen^ 
of  fresh  water. 

Sodium  hypochlorite  solution,  otherwise  known  as  chlorinated 
soda,  Labarraque's  solution,  and  liquor  sodae  chloratae,  is  "an  aqoeon 
solution  of  several  chlorine  compounds  of  sodium,  chiefly  NaClO  and 
NaCl,  and  containing  at  least  2.6  per  cent,  by  weight  of  avaikbfe 
chlorine  "  (U.  S.  P.).  It  is  used,  but  not  so  extensively,  for  the  same 
purposes  as  chlorinated  lime. 

Bromide  and  Iodine  have  powerful  disinfectant  properties,  but  fir 
several  reasons  are  not  suited  to  the  purposes  of  practical  disiofectioD. 
In  some  respects,  bromine  is  superior  to  chlorine  as  a  germicide,  bot 
it  is  disagreeable  and  dangerous  to  handle,  and  is  much  more  expensiTe. 
Iodine  is  less  efficient  than  chlorine,  and  offers,  neither  as  such  nwis 
the  trichloride,  any  advantage  over  chlorine  and  the  hypochlorites,  Iwt, 
on  the  contrarj',  a  number  of  disadvantages  which  are  sufficient  to 
eliminate  it  from  the  list  of  practiail  disinfectants. 

Sulphur  dioxide  easily  outranks  all  other  disinfectants  in  point  of 
length  of  servi(x*,  its  use  dating  back  to  very  ancient  times.  Mliileit 
has  undoubted  bactericidiil  i)r(>jx'rties,  it  has  Ixjen  demonstrated  by 
Koch,  Wolff*hii^l,  and  their  associates,  and  many  others,  to  be  whollv 
untrustworthy  for  general  use,  and  although  still  verj'  extensively 
employed  by  public  siinitary  authorities,  is  rapidly  being  abandoned  Id 
favor  of  more  efficient  and  reliable  agents.  It  is  purely  a  surface  dk- 
iniei'tant  under  conditions  most  favorable  to  its  action,  and  even  thin 
is  effbetivc  apiinst  only  a  somewhat  limited  number  of  species  of  path«^ 
genie  bacteria.      It  is,  however,  very  efficient  against  mosquitoes. 

Sulphur  dioxide  is  a  colorless  irrespirablc  gas,  produced  by  buru- 
inir  roll  sulphur  or  **  flowers"  in  an  iron  vessel,  placed  as  a  precaution 
tipiinst  lire  in  a  pan  of  water,  or  by  burning  sulphur  candles  or  carli^n 
disulphide,  the  latter  in  a  lamp.  The  amount  of  sulphur  eniplovtJ 
varies,  a<'conlinp:  to  the  custom  of  the  operator,  from  1  to  6  ix^unib 
per  1, ()()()  cubic  feet  of  air  spa<'e ;  but  the  whole  amount  is  never  <*<)0- 
snnied,  and,  indee<l,  under  onlinary  circumstances,  combustion  eea.'^ts 
before  a  half  or  even  a  third  has  been  burned.  In  order  to  avoid  the 
necessity  of  hurnin<r  sulphur,  the  liqueficnl  gas,  contained  in  cylinden^* 
is  employed  to  some  extent. 

In  the  al)sence  of  moisture,  the  action  of  sulphur  dioxide  on  even 
the  least   resistant  bacteria  is  j)ractically  /f/7,  and  even  when  water  is 
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evaporated  in  the  room  lieforehaml  or  at  the  same  time,  and  the  gas 
is  present  in  the  highest  pereenta^e  possibU^,  the  exposed  orgiitiism;^, 
w fit 't her  of  hnx  or  hijjli  rt^siHtiHur^  are  likely  Ur  retain  their  vitality 
uniriipuirtHL  It  is  tnie  that  some  eX}>erinietikTs  liave  ro[»<*rted  great 
sucees8  in  the  destrnction  of  path<»^^nie  c^rpmisms  hy  meanjs  of  this 
agent,  bnt  tlie  adverse  re[M*rt^  are  so  immerouij  that  it  iinist  be  elear 
that  much  offieial  disinfiLHi-tion  by  means  of  it  18  worse  than  an 
empty  form  and^  by  ivason  of  eausiug  a  false  sense  of  set^iirity,  a  posi- 
tive dan^r.  Even  were  it  an  effieient  ilisiufwtant,  the  many  dis;id- 
vantii^s  whieh  attend  its  use  woohl  suffiee  to  make  it  undesirable  ibr 
general  purjioses,  esp<x!ially  in  view  of  the  faet  that  the  Sinne  tlisad- 
vaiitMg<:*s  are  wlmlly  absent  in  other  proc-esses.  In  the  presenee  of 
moisture  and  air,  it  is  to  stmie  extent  oxidi/tMi  to  sidphurie  arid,  whieb 
etvrnKles  tabries  and  other  objects ;  it  n?duees  organie  matters  and 
destroys  organic  colors ;  it  tarnishes  bm,ss  and  silver  ware»  gilt  frames^ 
and  other  objects  ;  it  hmves  a  disagreeable  od*ir  whieh  j>ersists  for  days 
and  even  weeks  idVr  tfiorougli  aeration  ;  htHlding  and  ^jtliiT  articles 
beermie  impreirnatiHl  with  a  [K-enliar  highly  oifeiisive  mlor  whieh  rendiTs 
tbt'ir  use  unpleii^^ant  and  even  impossible  ;  and  it  has  such  little  power 
of  penetration  that  only  such  organisms  a8  are  expo8ed  ojx^uly  ai"e  likely 
to  he  attwted. 

Where  sulplmr  dioxide  is  tlie  official  disinfec^tant,  it  is  commonly 
enjoinHi  that  the  room  shall  be  cleansed  tbnrfUighly  and  air  frci'ly  a^l- 
mitted  for  some  days  after  fum ig.it iou.  The  net-essity  of  this  supple- 
mentary process  is  in  itself  an  admission  of  the  inadeijuacy  of  the  main 
o|>fTation,  for  if  sulphur  is  nn  ettieient  disinfwtant,  the  application  of 
soft  soap,  carbolic  aind,  hyp<K'hlorite>,  and  i^ther  agents  f»y  mrans  of 
the  scrubhing-brnsh  and  cloths,  the  removal  and  replacing  of  wall- 
papers, tlie  prm*ess  of  white* washing,  anfl  other  means  of  renovation 
rtH'<  ITU  mended,  are  attacks  against  an  imaginary  evib  (imntetJ  tliat 
these  pnx'csses  are  necessary,  the  claims  of  sulphur  dirixi<le  as  a  jinie- 
tieal  disinfectant  must  tall  to  tlie  ground ;  if  not  necessary,  they 
should  not  be  enjoined. 
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Linie,   (JuicklilBe,   or  cidcium   (►xide,  has   lung  l)eeu   kno\\ii  as  an 
agent  possessing  great  power  in  drstrf)ying  oi^nic  matter,  and  has 

bcH'ii  used  ext*'nsivrly  from  very  early  times  in  conuivtinn  with  dis- 
jn»sal  of  the  dead.  TreatfHt  witli  half  its  weight  (>f  WiitiT,  it  is  shik«Hl 
to  a  dry  powder,  tlie  hydmte,  whieh,  mixed  witli  sufficient  water, 
forms  tin*  well-known  '"^  white  wash  ^'  commonly  useni  for  disinfecting, 
sweetening,  and  lirighteniug  the  walls  of  ccJlarw,  rooms,  barracks, 
barns,  poultry-houses^  and  otlier  outbuildings.  Slaked  lime,  mixe<l 
with  frair  vol unu's  of  water  to  tlu^  consisU'Uty  of  crram,  fc*rms  what 
is  commonly  known  as  *'milk  of  lime/'  wliirh  is  uschI  t^^xtensively  in 
the  disinfection  of  excreta  and  privy  vaults. 

The  scientitic  investigation  of  the  disinfee'tant  projierties  of  lime  by 
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Ijiborius,^  undertaken  at  the  instance  of  Koch,  demonstrated  its  nhn 
in  the  destruction  of  the  bacteria  of  typhoid  fever  and  chol€ii,A| 
former  of  which  were  found  to  be  destroyed  in  a  few  hours  by  Ume 
water  containing  0.0074  per  cent.,  and  the  latter  within  the  saoietii 
by  0.0246  i)er  cent.  Cholera  bouillon  cultures,  containing  numerai 
coagula  of  albumin,  such  as  would  be  present  in  cholera  di})cfaai|tt| 
thus  offering  unfavorable  conditions  for  the  action  of  the  disiDfeduli 
were  completely  disinfected  within  the  course  of  a  few  hours  by  0,49 
|H»r  cent,  of  pure  lime  or  by  2  per  cent,  of  ordinary'  cnide  lime.  He 
reconnnended  the  employment  of  the  pure  dn*  powder  or  of  milk  of 
lime  containing  20  per  wnt.  thereof. 

Favorable  results  were  obtained  also  by  Kitasato,-  who  found  tkil 
the  same  two  six?cies  were  destroyed  by  about  0.10  |)er  cent,  in  bm 
four  to  five  hours.  Pfuhl,'*  carrying  the  experiments  somewhat  faidie^ 
recommended  the  use  of  milk  of  lime  of  20  per  c^nt.  strength,  freiif 
preparwl  from  lime  of  good  quality,  for  the  disinfection  of  loose  dgw- 
tions,  prescribing  that  it  should  be  added  in  sufficient  quantity,  wi4 
thorough  mixing,  until  the  whole  mass  is  strongly  alkaline  in  evflj 
part,  as  shown  by  tt*sting  with  red  litmus-paper.  With  such  treatment, 
he  asserted  that  complete  sterilization  is  accomplished  within  an  hour. 
Extensive  researches  by  numerous  other  scientists,  althou^  diffenng 
somewhat  in  results  in  wrtain  unimportant  particulars,  have  con&iiMd 
the  conclusions  of  these  earlier  investigators  as  to  the  grreat  pnu^tial 
value  of  this  agent.  As  to  its  value  in  comparison  with  chlorinatel 
lime,  there  is  disagreement,  some  authorities  favoring  the  one  and  some 
the  other,  but  practicjiUy  all  unite  in  the  opinion  that,  whichever  is  the 
more  efficient,  the  difference  is  slight. 

Of  groat  practical  im]X)rtance  in  the  use  of  any  disinfectant  on  i 
large  scale  is  the  item  of  ex])ense.  It  happens,  fortunately,  that  thi 
valuable  aid  is  exceedingly  chc^p,  and  that  its  use  with  a  liberal  ham! 
in  excess  of  tlu*  recommended  amount  may  be  urged  without  promoting 
lavish  ex|>enditure  of  money.  In  the  disinfection  of  stools  it  is  com- 
monly advis(xl  to  add  at  least  an  equal  volume  of  the  milk,  or  even 
twice  as  much,  and  to  allow  the  mixture  to  stand  for  two  lioun?  nr 
longer  before  final  disposal.  In  c»amp  sanitation,  it  is  much  used  with 
excellent  results  ;  but  for  their  attainment,  constant  watchful  super- 
vision is  n<»oessaiy. 

It  should  be  borne  in  mind  that  air-slaked  lime  should  not  be 
employc^l  in  the  preparation  of  the  milk,  and  that  the  latter  on  stand- 
ing loses  its  honiog(»neous  character,  which  should  \>e  restored  bt 
stirring  or  shaking  e-ach  time  the  material  is  used.  The  milk  »» 
most  powerful  when  freshly  prepared,  and  should  not  be  used  when 
older  than  a  few  days,  unless  most  carefully  protected  from  contact 
with  air. 

Ferrous  sulphate  and  other  sidts  of  iron  have  long  l)een  u?ea 
extensively  both  as  germicides  and  deodorants.      All  scientific  inve^tl• 

*  Zeitschrift  fiir  Ilvjrioiie,  II.,  p.  15. 

«  Ibidem,  111.,  i>.  404.  »  Ibideni,  VI.,  p.  97. 
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Rations  of  the  disintVrt^iiU  |)n>}M'rtii^s  nf  ferrous  sul[>liate  l>y  Koc^li, 
Stern Ix^rg,  and  otliers  luivt^  deiiioiistnit'eil  tlie  uttt^r  WMirtlilessuess  nf  this 
aijeiit.  Not  only  (loe.s  it  fail  as  a  i^irmicidej  Imt,  as  has  l»eeii  |)oiiitecl 
out  by  Foote,'  it  has  also  tn>  claim  to  Im?  coiisiilerecl  as  a  deoilonint. 
Its  einphivimnit  in  tliis  capacity  not   infre(|nently  rnal<es  a  kul  iwlor 


inds  nrfxlueed  in  the 


worse,  tliroii^li  dieniicail  avtitm  on  organic  i^imponnas  prf> 
pro*?ess  of  imtrefaction. 

Ferric  sulphate  has  been  shown  by  Riecke^  to  have  verj*  murkwl 
artinn  against  the  l)acteria  of  typhoid  fever  and  cholem  in  acid  and 
alkaline  excreta,  wlicn  afldc<l  in  an  tMjna!  vrjbnne  of  o  |K*r  cent,  solu- 
tiun»  TIjc  disadvantages  attendiiiii:  its  use,  however,  more  tlian  ont- 
wx-igh  any  cout^idemtious  which  may  Ije  urged  in  iavor  of  its  enii>loyment 
in  place  of  other  more  efficient  and,  on  all  acconnt^,  les>  (Jyei^tionabte 
agents. 

Ferric  chloride,  alr.0,  fms  mme  claim  ti>  Ijc  reganled  as  a  germicide, 
but  it  is  inferior  to  the  snlphute  and  is  o[>en  to  the  same  (»l>jeetions. 

On  the  whole,  therefi*re,  the  ii'fai  compounds  may  safely  be  jKisaed 
by  in  the  p  met  ice  of  disinfection. 

Zinc  chloride,  like  fernujs  snlphate,  was,  imtil  subjected  to  the 
rii;td  test  of  baetcriobigical  pi^wif,  re^ardtnl  as  a  iniKSt  ethcicnt  disin- 
fci^tant,  and  to-day,  altliongh  the  original  at  1  verse  tindings  of  Km^h,  in 
IHHl,  have  bccji  confirme^l  by  many  careful  exijerinienters,  it  is  still 
very  extensiv^ely  cmploytHb  and  in  many  placid  is  prescrilM'd  otticially 
hy  the  local  hcjilth  autliorities.  Under  some  conditions^  it  does  suecwd 
occa.sionally  in  destroying  siane  forms  of  bacterial  life,  but  its  plaei'  in 
the  list  of  actual  an<l  sui>jK*sed  disinfet-tants  is  well  down  t4>ward  the 
very  bottom.  It  is,  however,  somewliat  efficient  as  a  ilt^rKhmint.  The 
^idpliMte  and  other  salts  are  ei[ually  inefficient  as  disinieetants. 

Aluminum  chloride  is  tin*  chief  sidnblc  const itnent  of  a  nmuber  of 
extremely  jKipular  pro|)rietary  ilisinfectants,  prescrilK^d  by  practising 
physicians  and  houglit  with  and  without  advice  by  tlic  hiity.  Like 
other  alimiiuum  cran  porn  ids,  the  stdphate  and  the  alums,  for  examj>le, 
It  is  powerfully  astriiigent,  even  in  dilate  form.  It  is  cheap,  hiis  no 
miction  on  metallic  substances,  and  docs  not  stain  nnr  otherwise  injure 
fabiics.  Its  disiufet^rtaut  action  is  slight,  and  bcn^in  it  a^rt^^s  farther 
with  other  ahmiimim  comptninds.  A  number  uf  proprietary  pre^jara- 
tiiins,  in  which  it  is  present  cither  as  principal  or  auxiliary  ingredient, 
cxaaiiniHl  by  the  author  with  Dn  R.  M,  Pearce,^  were  fiamd  to  be 
ineHfiricnt.  llie  test*ubjects  incbal(>i]  cultures  of  B.  trnthrartx  and  B, 
ttfplmsn^^  typlioid  dcjc<'ta,  di[>litheiitic  membmnes,  and  tuberculous 
8puta.  Kaeh  of  Hxe  prc|yaratitms,  in  the  strength  recommendc<b  wa.s 
8nl>j<3cted  ti»  10  tests,  and  their  |  import  ions  of  succcssfnl  disintcction 
varietl  from  20  to  70  [M_^r  cent.  Anthrax  bacilli  wert*  desti*oved  by 
oni' ;  one  cultnn*  of  B.  iifphoi-tH^  wiis  killed  by  one,  an(»tlier  by  all,  a 
thinl  by  twfj ;   one  typhoid  stool   was  unaffected  by  all,  a  second  was 

'  Aiiieriran  JoTiniai  of  the  Mt^Jk'nl  Sf'ierici^,  XrVUL^  i>.  '.Wl 

"*  Z^'itsihnft  fiir  IlyjfiiMie  iinri   hif^^rtioiiskranktieiteii,  XaI  V.,  p.  -W3, 

*  Juui-nul  uf  the  Bijmton  Stx-ietv  nf  Metliciil  Sciences,  March,  1899* 
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hterilizetl  by  all,  uud  ii  third  hy  three ;  onv  specimen  of  diphtheritic 
mombraiie  wa.s  siterilized  by  fuur,  and  another  by  only  ane  ;  tubercu- 
lous sputum  was  afteeted  by  iioiie. 

Potasaiiim  permangaiiater  vv*^!!  kuuwn  iis  a  iMiwerful  «>xiclizing 
a^t*nt,  is  niurh  uschI  in  surt^icid  [»raetiw  and  in  «itlifT  lines  of  Bpeelid 
work.  Ill  tho  process  of  sterilimtion  id'  tla-  hands,  hoAvever,  it  is  io- 
capable,  as  the  author  ha^  shown/  of  pnxlneing  the  results  for  which 
it  is  einployeiK  In  contact  with  or^anio  niattt^r  and  oxidizable  niiueral 
substances,  it  parts  very  readily  with  its  avuilahle  oxyfrc*n,  and  it  is  to 
this  element  that  wliatever  disintwtaut  projKTty  it  has,  is  due.  It 
ciinoot  be  used  in  the  treatment  of  exereta,  beiiuise  of  the  very  lai^ 
amount  whieh  would  l>o  recpiiri'd  to  j>r(Hluee  complete  sterility  of  even 
a  single  ounce  of  fteces  ;  unr  (ran  it  Ix*  employ t^l  in  the  treatment  of 
clothing,  bei^use  of  the  |iennanent  stains  wiii<^h  it  prcKhices, 

Copper  solphata   in  weak   solutions  destmys  spore! ess  bacteria   in 
grc^at  variety  witliin  a  shr>rt  time,  but  in  pnietie^il  work  itj^i  use  i^  rather 
limited.     Altliuugh  it  ajjpears  to  l>e  of  considendjie  value  in  the  destruc- 
tion of  ceitiiin    forms   of   algal   gnAvth   in   imblic  water  supplier,  the 
assertions  made  concern iug  its  germicidal    value   in   the  trciittneut  of 
infected  waters  have  not  as  yet  bet^n  substantiatetl,  and  in  the  light  of 
a  numl>er  of  recent   investigations  it  w^ould   swm   probable  that  tbc^v 
must  fall  to  the  ground.      It   lias   been  recommcndeil  stmngly   for  tiie 
sterilization    of    ta?ces,    but    its    cost  and  other  disadvantages,  not  to 
mention  its  inferiority  as  a  germicide  to  other  cheaper  and  more  avail- 
able  substances,  make  it  impnibable  that  it^  employment  will  ever 
become  very  extensive. 

Mercuric  chloride  or  corrosive  sublimate  is,  beyond  question,  the 
most  powertul  of  all  the  metallic  sjdts  as  a  disinftx-tant,  but  at  the 
aarae  time  it  enjoys  a  reputation  fur  pmetiml  efficiency  that  Ib  not 
wholly  deserved.  A  number  of  the  earlier  experiments  which  gave  it 
its  standing  led  to  conrlusiiius  which  c<)uld  not  Ivl^  justified  by  later 
work  conducted  un  lines  of  greater  accuracy  and  with  improve<J  technic  ; 
hut  while  Koefi  and  others  saw  tit  to  inmlify  tfieir  original  estimate  nf 
it.s  general  effiinency,  it  wiMild  appmr  that  a  large  pro|M3rtion  of  those 
who  have  oc«isiou  to  employ  gcrniicidcs  are  iutlncnced  more  by  the 
original  than  by  the  later  investigations.  In  testing  its  disinfect ii>n 
pr<iperties  against  antln-ax  spores  and  rither  highly  resistant  organism-^ 
widely  different  results  have  been  obtainiHl  and  recorded  by  diffen^it 
observers,  but  these  are  explainer!  by  diftereixces  in  nutrient  media, 
in  technic,  and  in  virulence ;  and  althrtugh  it  has  been  provi^l 
that  the  original  findijigs  were  tar  too  favorable,  it  also  has  been 
proved  that  ns  a  gt^rmieide  it  stands  far  above  all  other  metallic? 
compounds*  But  it  should  be  understmxl  that,  under  conditions  whi(»h 
obtain  in  practice,  the  same  results  as  are  obtained  in  LdK*nitor}'  cxperi- 
mentjs,  made  with  broth  cultures  and  s|x>res  dried  on  silk  threads,  are 
not  always  to  be  expected.     In  the  treatment  of  tuberculous  Bputum^ 


*  Aimak  of  Surgery^  October,  1904, 
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for  example,  the  innernmst  hnrilli  are  prntecterl  from  cciotart  with  the 
disiiiiV'i'tniit  hv  tlu*  coagtiliim  \vhi*'li  fonns  on  tin*  i^iirfhi'e  i4*  vavh  .spu* 
nito  nia.^s.  Agiiiii,  in  the  treatnieiit  tA*  other  ori!:^inie  matter,  the  p«»^- 
sil>ility  iA'  prcx'ipitutiori  as  albumiiuiie  <^r  sulphide  or  other  iusokible 
€omjK»uo(l  of  meixnirv'  should  be  kejit  in  mind. 

Pn-eipitation  as  albuminate  may  l>e  prt  venti  VI  by  the  ndilition  of 
aJMiut  ."i  parts  of  sulplmrie,  bydrtM'lihjrie,  or  tartarie  aeid,  or  of  10  parts 
of  etinimon  salt,  fc»r  each  parti  it'  ^^nbliuTate  in  1,000,  J  ait  eon  version  to 
sulphide  cannot  Ijeni-eventiHl,  if  tfje  *"onditious  neeessaiy  for  its  forma- 
tion are  present.  In  the  disinleetifpn  of  fieces,  for  wliicli  purpose  cor- 
rosive sublimate  is  sometimes  used,  it  is  evident  that,  with  the  usual 
i^trenj^th  of  sohition  crnployLHi,  the  wh<de  of  the  salt  must  frcnpiently 
be  preeipitated  iu  one  form  or  another  very  early  in  the  process*  In 
household  disinieetioit,  its  eurrosive  action  on  plumbing  must  be  cim- 
sidered  as  a  serious  dniwbaek. 

Its  eliief  use  in  surgical  practice  is  as  a  sterilizing  agent  for  the  skin, 
ligatures,  etc.,  tlie  strength  used  Ijeing  commonly  1  part  in  1000;  but 
weaker  solutions,  even  1  in  10,000,  ai*e  also  employed.  Unfortunately 
the  element  of  time  seems  not  to  lie  generally  regarded  in  the  pnietice 
of  disinfection,  and  instantaneous  germicidal  action  appears  to  Ije 
assumed  as  the  result  of  contact  <if  the  agent  with  pathogenic  bacteria^ 
Iu  order  to  determine  th<'  length  of  time  required  for  solutions  of  dif- 
ferent strengths  to  desiroy  some  uf  the  commoner  pat liugcuic  organisms, 
the  antlior  ^  conducted,  with  I>r.  Harokl  Walker,  a  series  of  exjieri- 
ments  which  led  to  the  fol!i»wing  conclusions  : 

(1)  Ditferent  sjx'cies  of  patliogenic  bact<'ria,  and  dittcrcnt  cultures 
of  the  same  species,  vary  very  greatly  in  their  resistance  to  the  action 
of  corrosive  sublimate.  (2)  With  some  s|>ecics  resistance  is  diminished 
in  a  remarkable  degree  by  a  CMudition  of  dryness,  i^t  that  even  the 
1  :  10,000  siilntion  can  bring  alniut  sterility  in  a  very  sijort  time.  Bnt 
some  sj>ecies  are  not  materially  affected  in  this  respect  by  dryness. 
(3)  Corrosive  sublimate  in  as  weak  solution  as  1  :  5000  is  inelfective 
against  the  common  pathogenic  Ivacteria,  including  the  pus  organisms 
when  they  are  m<»ist,  excepting  after  prolonged  cttntiict.  Since  fifteen 
minutes'  contact  is  not  sufficient  ftir  the  destruction  of  /?,  cofi  rommnvw^ 
B.  pijocyanen^^  and  Staph,  pj^ofjettr^  alhit^,  m  the  moist  state,  or  of  Staph. 
pifOffn\i?}i  amrim  whether  moist  or  dry,  the  use  of  this  and  of  weaker 
preparations  in  surgical  work  and  tor  irrigation  and  similar  purposes 
shoulil  be  abandouc^l.  (4)  The  1  :  1000  solution  is  very  slow  in  its 
action  (►n  some  of  the  cornnioncst  nf  tiie  skin  bacteria,  and  since  under  the 
most  favomble  conditions  more  than  ten  minutes*  contact  may  be  nec- 
essiir}'  for  it  to  kill  Sfaph^flmoevus  ptfofjeties  alhns^  it  should  not  he  relied 
ufMm  to  any  great  extent  t<»  ensure  sterility  of  the  hands  or  of  instru- 
ments. The  mere  dipping  of  the  liands  for  a  few  sectmds  into  solutions 
of  this  strength  can  serve  no  useful  pnrjxise,  but^  on  the  contrary,  can 
k*ad  to  much  harm  by  induciog  a  false  sense  of  security.  (5)  Corrosive 
sublimate  in  any  of  the  strengths  commonly  emph>ve<I  is  a  ranch  over- 
*Bo«t<in  Medii^l  and  Surgkul  Journulj  April  23^  1903. 
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rated  ili.'^iDfectant,  and,  tmder  the  l>e?^t  of  conditionf^,  h  sounoertuni 
its  actioti  that  it  would  bo  of  advantag-e  to  al)andon  ita  use  alUvgidier  i 
sargerv. 

Mercuric  cyanide,  much   praif^ed  by  somej  has  been  prove<l  bytt 
author^  to  be  for  ioferior  to  the  chloride,     • 

lOmeral  Acids. 

The  mineral  acids  jx^sssess,  in  different  degree,*!  of  dilutioa, ' 
disinfectant  power  aguinst  all   s|>eeiej^  nf  bactcritu      In   luny  eff«< 
working  strength,  they  corrfHlc  the  t!«>nniion  metals  and  destnwr 
tensile  strengtii  iif  all  kinds  uf  flibrict*. 

The  Ixietericidal  effect  of  gtistric  juice  on  the  bacteria  of  rhi>leRi,  < 
co\'ered  l>y  Koclt^  was  ascril>ed  by  him  to  the  i-ontaiued  hydmcWii? 
acid;  and  cxi>erinicnting  with  bouillon  cultnre>^  of  this  orgaoisni.  Kid 
sato^  showed  that  0.1*12  jkt  eent.  of  hydnxdiloric  or  O.049  of  sulfiliii 
acid  prnihictHl  sterility  within  a  few  hours.  This  result,  so  far  a*  I 
eoncernK  sniphnrie  aeid,  wa.s  eoniirtuc^l  l>v  Stutter ,^  who  found  ih 
0.05  percent,  killed  in  15  minutes  the  organisms  suispended  in  T 
tilled  water. 

The  experiments  oi'  B<X'r^  showt^l  that  tla-  bacillus  of  typhoid  iVvtfi 
in   bouillon  eidtnres  was  destroyt'il  in  2  liours  by  O.OT  per  ci'nt.  <>t  hy- 
dri>chloric  aci<b  and  in  the  game  time  by  0,12  j*er  ceiit<  of  ?tilj.lnirir 
acid.     The  ehnk'ra  or«f;inism  wm^  killeil  by  smaller  amounts,  iW-  ]ff 
Ci'nt.  of  KR'li,  witliin  tlie  same  time  ;  tlic  bat-ilU  of  anthrax  wen-  i^ 
slightly  moiv  resistant  than   the  cholera  gerai  ;  and  th*ise  of  diphtk™ 
succumbeil  to  the  same  amounts   as   were  tiital   to   those  of  typboi^ 
fever.     Ivanoff^  determined  the  amount  of  sulphuric  acid  nee 
to  sterilize  srwage.     That  of  Potsdam,   three  times   as  f«»ul  a*  th 
of  Ik'riiti  anrl  slitrhtly  alkaline  in   rracti«my  inqHvgnatei.1  with  cb«il 
germs,  was  disint*  ctr*<l  by  O.OH  per  cent,  in  15  minutes.    A  pn»pricliilf| 
preparation,  eoutainiag  0.7G   per  cent,  of  sulphuric  aeiil  and  u'rthii^ 
else,  tested  by  the  author,  sterilized  one  of  two  bnuillou  I'ulturi'*  ^ 
typhoid  bacilli  mu]  one  of  two  typlM»id  dejtfta  in   2  hours,  but  W| 
no  effec^t  whatever  on  diphtheritic  membrane  and  tuberculous  spiitonj. 


Organic   Substances. 

Carbolic  acid,  phenolp  phenic  acid,  obtained  chiefly  fnmi  onaU 

a  suhstaner  af  varying  degret^s  of  purity  and  disinfe<'tant  jHiwer. 
highest  gni<lc  is  practically  pure  phenol,  V»ut   the  ctanmoner  (junmi 
eoutain   variable  amounts  of  ci-esols,  xylol,  and  other  higher  b*»n'^ 
logues,  all  of  which  have  marked  bactericidal   proj>erties,  and  tar««a 
wljieli  liavc  none.      In  tla^  opiniuu  of  many  authorities,  the  cniJe^c'r 


*  Boston  Medical  and  Surgical  Jonrual,  January  14,  1904, 
«  Zi^itMtlirjft  fur  Hv^nent.  III.,  1888,  p.  404. 

&  ibklenn  XV.,  1  BUS,  p.  86. 


*  Ibidem,  IX,,  18SW.  PL  479 
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IS  siipprinr  to  the  highest  grades  in  disinfecting  power  by  reason  of  the 
preiience  of  the  eresols. 

Prior  to  Koeh's  work  tm  disinfeetuiits  in  IHSl^  earbtJic  acid  was 
fwliexed  gent^itilly  to  Ik*^  niie  ot*  i\u'  inrtst  povverfnl  of  gerniicides,  u  S)elief 
whi<'h  was  (hie  diinbtless,  in  part  at  least,  to  its  jx^tudiar  and  jwivver- 
ful  iKhir.  Koeh*s  ex])erirneuts  with  antlinix  sjHU'es  Iwl  hhn  U>  thi* 
conelusioii  that,  even  in  ."j  jkt  cent,  ?ioiutioii,  it  was  uii  inefficient  agent 
against  highly  ressistant  organisms.  Thvn  lulhiwctl  a  nuralx^r  of  in- 
vestigations by  othei>i,  whi»se  eonrlusions  were  by  no  means  in  agree- 
ment. It  was  ibiind  by  sinne  to  be  a  very  etticient  gt^nem!  disinfectant, 
by  others  to  \ye  ven^  urn^clialde,  and  by  still  others  to  be  well  suitetl  Uy 
some  lines  of  work  aiitl  nc>t  to  others.  It  was  eont*<'dcd  very  genenilly 
that  in  certain  res{HH'ts  its  nse  has  many  advantages  over  tliat  of  cor- 
rosive snbliimite  and  i>tlier  nietullic  salts;  that  it  is  rn^t  destroyed  or 
pvecipitatetl  by  cont;ict  with  albnmin,  acids,  salt^s,  and  other  com- 
pom  ids  ;  and  that,  even  in  weak  di  hit  ion,  it  destroys  many  of  the  com- 
nmn  pathogenic  organisms  very  <jni(*kly* 

Bcliring,  Sternberg,  and  others  tbnnd  it  effective  against  the  bacilli  of 
typhtatl  fever  and  cliolcm  in  1  [>cr  cent,  sohition,  bnt  opjnisitc  conclu- 
sions have  hmn}  reporti^l  as  to  its  at*ti<ni  ag-ainst  the  former,  which  organ- 
ism is  said  to  flourish  in  mixed  cnltnres  in  the  presence  of  even  as  much 
as  5  per  cent,,  the  accom|ianyi ng  s|M^cies  Iteing  destmyetl.  Aeeording 
to  Vincent,'  the  coh>n  bac^illns  is  killed  oidy  by  solntiiins  contjtining 
at  least  *5  |K*r  cent.  F'or  the  disinfection  nf  tnbercnions  sjtiituni,  Schill 
and  Fischer^  fonml  it  to  lr>e  rt  liable  iji  o  jx-r  cent.  si>hition  within  24 
hours.  An  cxpriment  by  the  author  and  Dr,  IL  M.  Pt^iirce,^  in 
which  this  inat4*rial  was  treated  with  17  different  prepa  rat  if  ms,  pro- 
prietary and  uthcrwise,  inclnding  a  -">  j>cr  cent.  si>hiti<Hi  of  ciirboHe 
acid,  was  surrcsstul  with  this  agiMit  and  4  others  after  a  2  hours* 
ex|M*siire*  With  typlioid  strwds,  diphtheritic  membrane,  and  bonillon 
cultures  t»f  the  t^'phoid  organism,  tlisinft^^tion  was  not  accomplished, 
Tjffehnami*  has  rcjKiricd  that,  while  the  o  p(»r  cent,  solution  did  not 
destroy  tlie  typhoid  organism  in  an  lionr^  sterilizatiioi  wiis  complete 
after  24  hours^  expisure. 

Its  disinfectant  powt^r  aj>pears  to  be  increasKl  liy  hf»at  anil  by  the 
pn^^euce  of  niinend  acids  ijnd  comnmn  salt.  Thus,  Heider^  fouri<I 
thnt,  while  at  nnlinary  ruom  temprnitnre  a  o  per  et*nt.  solution  was 
ineffective  against  anthrax  spires  under  ♦)(>  days,  at  55°  (■,  it  was  sue- 
cei^sfnl  in  2  hours,  and  at  l't°  C\  in  t\  minutes.  The  inflnence  of  its 
as sr Halation  with  ceamnim  salt,  which  alone  in  ordinary  anion nts  has 
but  slight  bacterieidid  power,  is  attt^stril  by  S(4icurlen,  B</ckrnann„ 
Koincn*,  and  nthiTs. 

S'liciu'leu  "^  demonstrated  that,  while  1  [kt  cent.  soiuti*>ns  had  no 
effect  against  pun  cocci  during  5  minutes^  ex]x>sure,  the  addition  of 


*  Mittheil»ii»t(eii  itiis  ilini  kaiMTlit-lit-n  ( ie?timdhf ksamle,  II.,  18H4,  p,  H^), 

*  LiM*ti  citato,  *  Di-ntst'tw  nieflifinifiW'tie  Wo 

*  Ontnilhlntt  fur  Bakteri<>Jo^Me,  1X>,  IH'.U,  p.  22\. 


p. 
*  T>i^ntst'tw  nieflifinij^^ie  \V<K'hen*tebnft,  XVI.,  1890,  p.  37, 

•  Arc.'hiv  fiir  exjieritnenUile  !*ailn»btjr"n%  Ke.,  XXXVII.,  18i)ti,  p,  74. 
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common  salt  in  considerable  amounts  brought  about  sterility  in  1 
minute,  and  that  the  same  agent  enhanced  its  action  materially  agi 
anthrax  spores.  Beckmann  ^  showed  that,  although  3  per  cent,  dnlk 
increased  the  general  disinfectant  power  of  a  1  per  cent,  solution  vay 
considerably,  no  increase  in  its  power  against  anthrax  spores  m 
observable  until  24  j)er  cent,  had  been  added ;  but  in  this  amoont^  alt 
itself  has  considerable  power,  and  it  would  seem  reasonable  to  attribute 
the  effect  of  the  mixture  very  lai-gely,  if  not  wholly,  to  it.  Bomer* 
also  proved  the  same  thing  with  respect  to  the  action  of  a  strongff 
solution  (3  per  cent.),  which,  with  the  addition  of  8  per  cent,  of  sd^ 
was  much  more  effective  against  the  same  organism. 

Similarly,  it  has  been  shown  by  Friinkel  and  Laplace  that  the  piwh 
ence  of  sniall  amounts  of  the  mineral  acids  is  very  helpful,  but  it  is  to 
be  borne  in  mind  that  the  latter,  unassisteil,  are  by  no  means  without  a 
very  considerable  degree  of  germicidal  power.  Both  authorities,  hot- 
ever,  have  proved  that  mixtures  of  carbolic  and  mineral  acids  are  moit 
bactericidal  than  either  ingredient  in  the  proportions  used,  and  botk^ 
and  Nocht  as  well,  have  demonstrated  also  the  superiorit}'  of  mixtoRi 
of  the  crude  acid  with  mineral  acids  over  combinations  of  the  pw 
j)henol  with  mineral  acids  in  the  same  projwrtions.  According  to 
Epstein,^  carbolic  acid  in  alcoholic  solution  is  more  powerful  in  the 
same  amount  than  in  aqueous  solution,  which  finding  is  endorsed  If 
Minervini.*  On  the  other  hand,  in  solution  in  oil,  according  to  Koch, 
it  loses  its  germicidal  property  completely. 

On  all  the  evidence  presented,  the  conclusion  must  be  dra^Ti  thit 
carbolic  acid,  while  effective  in  weak  and  saturatecl  aqueous  solution 
against  many  of  the  j)athogenic  bacteria,  is  not  suited  to  the  purposes 
of  practical  general  disinfection.  When  used,  it  is  best  to  employ  the 
stronger  rather  than  the  dilute  solutions.  The  pure  acid  is  soluble  io 
about  11  parts  of  water,  but  the  commercially  pure  article  is  soluble  in 
about  20  parts,  giving  about  5  \yev  cent,  strength. 

The  s(>-c<alled  carbolic  powders  are,  as  a  rule,  inert  mixtures  of  min- 
onil  matter  and  waste  products  of  coal-tar  distillation.  Their  strong 
odor  ap}K»als  to  the  imagination  and  promotes  their  sale. 

The  cresols,  meta-cresol,  ortho-cresol,  and  jwra-cresol,  which  i)cc«r 
as  impurities  of  carbolic  acid,  and,  according  to  many  authoritie^,  are 
more  powerful  as  germicides  and  less  jK)isonous  to  higher  o^gani^nl^ 
are  constituents  of  a  large  numlxT  of  prej>ardtions  which,  A^itbin 
recent  years,  have  come  into  extensive  use.  The  cresols  are  cK>^ely 
relatinl  to  j)hen()l,  from  which  they  differ  in  that  CH3  replaces  one  H 
in  the  benzol  ring,  and  according  to  the  jMisition  of  CH,,  we  have 
meta-cresol,  ortho-cresol,  or  para-cresol.  The  latter  may  be  niade 
synthetically  from  piux*  jiani-toluidin,  Cresols  are  practically  insol- 
uble in  water,  hut  solution   is  brought  about  by  soaps  and  bv  cresol 

8illtS. 

^  (Vntralblatt  fiir  Bjikteriolope,  1896,  Not*,  16  and  17. 

^  Miinchener  inedicinischo  Woehensohrift,  XLV.,  1898,  p.  298. 

^  Zeitsohrift  fiir  livjj^ieiio  und  Infectionskrankheiten,  XXIV.,  1897,  p.  1. 

*  Ibidem,  XXIX.,  1898,  p.  1 17. 
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Laplace  *  wa.^  the  fit'st  to  dmw  iittt-jitioo  to  the  fact  tliat  crude  o^ir- 
bulie  add  ami  stniii^  sulplmrir  iwul,  mixinl  tfigt  ther,  tnrni  a  enrnjuiuixd 
srthilile  ill  water  and  nf  in^h  disitjfeetunt  fKiwer.  Me  rei>i>iteil  that 
the  mLxtui'v  iji  4  [»er  cent,  suhition  tle.stroyi.il  aiithmx  .siwros  within  '24 
hours,  while  pure  carbolic  acid  in  2  [M*r  cent,  solution  had  no  eif'ect 
what^'ver.  The  tirst  extt^usivi^  study  of  the  action  of  ere^ol  was  made 
by  Friinkel,^  who  .showeil  that  the  mixture  of  ssidphurie  aeid  and 
crude  ciusols  ia  not  ni'  the  nature  of  a  new  eotn]H>uudj  lint  that  eaeb 
iugriHlieut  exiHts  by  itself  and  exerts  it^  own  action,  and  that  the  aeid 
keep.s  the  cresols  in  s?olutiL>u.  liarnnier-*  investigated  the  |)ro]>ertie.s 
^>f  eresols  (hssolved  in  Kodiuni  nieta-cresotinate ;  here,  alwu,  no  doubhi 
o*tn[M^uiid  is  f"oriue<l,  tlie  .sjilt  acting  lueivly  as  a  solvent.  8odiuni 
salicylate  act^  CNjually  well  m  a  stdvent.  The  various  |»reparationa 
cnutaininp;  eresols  and  solvents  of  the  siime  are  recointnendtii  highly  n^ 
substitutes  for  phenol^  4>ii  the  gnumd  uf  higher  baetericiilal  power, 
low^tT  toxicity,  and  of  being  less  irritating  in  surgical  work.  They 
may  Im*  diluted  at  will  with  water,  some  ibnning  milky  eniulsious,  Mime 
clear  solutions. 

To  determiue  the  toxic  pro|M?rties  of  the  cresols,  Soybold  *  institutRl 
a  series  ^jft^xp^ri  meats  with  guinea-pigs,  into  which  2  per  <"ent.  soluti^jns 
of  tfie  individual  cresols  were  injected  suljcutane^uisly.  The  most 
[)oisont>ns  was  found  to  l)e  para-eresol,  and  tlie  legist  so  proved  to  be 
metii-cresol,  which  is  also  much  less  poisonous  than  phenoh  From  a 
study  of  the  comparative  disinfectant  action  of  the  sevemi  cresoU  and 
< if  Severn  1  other  pn*j>a rations,  iochiding  trinTesol  (prcfvaretl  syuthetically 
from  toluene)  and  |jhenol,  he  conclndixl  that  of  the  thive  isomers, 
meta-cresol  is  the  most  powerful,  and  tliat  the  cresols  ai*e  all  superior 
to  plicuoh  Tri-cresnl,  wliich  is  40  per  cent,  meta-,  3o  jicr  cent,  ortho-, 
and  25  \kt  cent.  pun»-crcs(d,  proved  to  liave  di»uble  the  hucteri<'idid 
power  of  ]>henol  ag?tiust  />.  jft/orifaticuji^  R,  pnMlh/tfK^rL^^  and  Sfaphifh- 
e(t(vus  p}^o</('He^  aw/r/m.  Another  prejianition  of  crcsol,  made  by  another 
mamifacturer  and  examinal  l»y  S(*hurmaycr/  also  proven  1  to  In.*  far 
sufHTior  ti>  piieuol  ;md  to  a  numl>er  of  the  moi'e  cmrrmonly  known 
cresol  eomponutls.  .V  proprietary  pre]ianiti<m  of  cresols,  exnmint^tl  by 
the  author,*^  sterilized  in  5  per  cent.  diluti<ui  in  2  hoiu's,  {cultures  of 
B,  tiipkoffu^j  typlioid  dejecta,  diphtheriti(!  meiubmne,  and  inberculous 
sfnitum. 

Among  the  more  comm*)jdy  use<l  cresol  prepamtions  may  be  men- 
t io  1 1 ec  1  the  f o 1 1  o w i  ng  ; 

Creolm.— This  is  a  tLirk-brown,  thick,  alkaline  liijuid,  which  con- 
tains about  10  ])er  cent,  of  ci'esols,  held  in  solution  by  soap,  and  a 
small  amount  *>r  plieuoL  Mixed  with  water,  it  forms  a  turbid,  whitish 
emufsion.      According   to   11  uucrniau,^   it   is   interior  to  carijolic  acid 

*  Deutsche  meclioinijtohe  Wocheiii«<.»hrift,  1887,  No.  40. 

*  ZeitHohrift  fur  Hvfilenv,  XL,  ^^^*^K  l^  '"^21. 

*  An-hiv  fiir  Hyi^ium!,  XIL,  ISVU,  p.  SbH;  XIY.,  1^92,  p.  Hfi. 

*  Zeit^4infi  fiir  llygieuc-  itmJ  Iiifi^titioniikninklieileri,  XXIX*,  1898,  p,  377, 

*  Arcbis-  fiir  Hvjfit'ne,  XXV.,  IS^^^J,  p.  t\2K  *  Loco  citato. 
'  Centnilblalt  fiir  Bakltriologie.  \  .,  18SU,  p.  6.50. 
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against  anthrax  l>acilli  and  pas  cocci,  but  Van  Enoengeoi  *  fottnd  h 
effective  in  5  per  cent»  s<>lntion  against  pus  cocci  an  J  llie  germ*  of  I 
fever  and  cholera  :  and  Laser'  found  that  in  the  ^amo  an ' 
fectH  dejecta  complete] y*     Tlit'  results  obtainetl  by  variou.^      ■ 
are,  »m  the  wh(>k%  very  conflicting,  but  the  output  of  many  iiirl-  r 
manufacturers  has  Im-n  provwl  to  vary  very  grt^itly  in  cbemtcal 
position  and  hactcricidal  |x»wer,  and  this  is  doubt le^  the  vsuit^. 

Lysol  is  a  brown  oily  liquid  containing  at>out  oO  perwni,  of  cns^^iU 
with  neutral  pjtash  stwip,,  niiscible  witli  water  in  all   pniportiotis,  diTUh 
iDg  a   soapy,  frothing  liquid,  and  with  alcohol  and  glycerin.     Grobff* 
found  a  2  percent,  sohition  more  cfTcctive  against  pus  ciKsei  tlumaX 
per  cent,  solution   of    phenol.      Buttcrsack^s  *    cxfitTiment^   UA  t/»  tiw 
same  conclusion,  and  dcnioustratcil  also  its  suitability  for  tbr 
of  sputum,    Vincent  ^  found  it  to  be  a  valuable  agent  fur  the  di^ 
of  freces  and  vault  contents.     It  lias  been  uned  extensively  iti  siirj 
practice  with  good  results,  Imt  instances  of  poisoning  through  absorpiHw 
from  wounds,  Hinictinies  with  fatal  results,  are  fairly  numcmus. 

BaciUol  is  a  product  of  th«*  distillation  of  tar,  and  contains  van:  •'' 
amounts  of  cresols  according  to  source,  but  should  cx)ntaiQ  not  les&  ikLii 
50  per  cent.     It  is  very  chciip. 

Lysoform  is  a  cresol-forniah]chyde  prepamtion,  solulde  in  wiitiT.  It 
has  great  deodonnU  power,  but  is  ratbiT  unsatisfactory  as  a  germiriik 
It  is  alsi>  expen>ivc,  ' 

SaproL — This  is  a  liquid  coutainiug  lit*  ])er  cent,  of  niincRtl  aW  ml 
8n  ]K*r  cent,  of  crude  carbolic  acid.      It  is  lighter  than  waler^  and  whfn    I 
thrown  into  it  ditluses  over  the  surface  in  a  thin  layer,  winiji  gra«lu/'^ 
yields  its  ac-tive  iugretlicuts  to  the  stnita  Wlow\  which,  in  the  t'<»iN-     i 
of  a  day,  licconie  irnjjrcgnatt<l  U*  the  extent  of  about  i>,^i4   per  itoitin 
In  this  streugthj  accoixling  U*  8<*heurlen,*  it  dcstrfiys  cholera  KncfiTii^ 
in  1   hour.     For  the  disinfivtinn  of  privy  vaults,  Keilcr'  ilctermiiml 
(liat  it  nujst  be  added  to  the  extent  i»i'  1  perwnt.  of  the  entire*  conirDls 
III  mixtures  containing  o  jht  cent,,  the  s^une  oiKserver  sh<»^ed  tlisit  li>t* 
ty|>hoid   fever  bacillus    is   destroytil    willdii   a    few    minutes.     PfuW* 
fnund  it  to  be  much  su|K'rior  as  a  gcncnd  disinfectant  and  deo«K»niiil 
to  carfnilic   iicid,  fiut   mtt    suiteil   to   tht*  tri'atraent   of  vault  iHinteiit?- 
Lascr/^  however^  tnuuil  that  I  \wv  tvnt*  will  dii-inftvt   fiec«-s  and  urino; 
and  8ehcurlen  ^"  reported  that  for  the  disinlcH'tion  of  vault  contents  Imt 
two  other  agt^tit«  are  comjKiral>Ic  with   it,  namely,  milk  of  lime  Bwl 
crufle    t*arbolic  acid, 

Solveol  is  a  eriuccntmt^-d  afjU€H>ufi  solution  of  crcsok  with  iwifliiui' 
cresi»tinate,  coutaining  ui*)rt^  tlian  25  per  tx»nt.  of  eresoK     It  is  bigblj' 

«  CVmiTilblan  fiir  a-iku-nulu^ie,  VIL,  1H!K1,  p.  To. 

»  nn.lein,  XII.,  iSlfl*.  p.  'S,\*l.  '  lliidein,  XL,  )f>\*%  p,  117. 

*  ArWilt-n  auiM  ileni  kiiimTlicken  (TeNit)mlU<*itHnmti%  VIII.,  1H1>2,  \\  iW9, 

*  Anntilt-Mlv  rinf*titut  J'usfeiii.  IX, »  IW»5,  p.  2ft. 

*  Arrliiv  fiir  JIv^nciR',  XVIII,,  IHiia,  |i.  ;t;>. 
'  UtUWuh  XVI f  I.,  \S\K\  p.  ".7, 

'  Zt  itKyiirift  fiir  Hvi^ime  uiul  lnfec*tum^kniiikheiten|  XV.,  1893,  p,  192. 
•tVntmlbhitl  fiir  U:iktenoIcigie*  XU.,  1892,  p.  234. 
»  Art'hiv  fiir  Ilvgirne,  XIX.,  iKUa,  p.  M7. 
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retxmiiiK'ndfil  tor  usl^  in  surgical  pi-at'ti*-*',  being  iiij irritating  and  much 
lesH  Utx'w  than  wirbolic  acid,  Accurding  to  HaiiinitT/  it  Ls  more 
]K)\veriul  ill  2  \H^r  c?ent.  snliitit^n  tlian  crcnlin^  lysiil,  jukI  t'arbt>lii'  arid 
in  2,')  [K^rcent,  strength.  HarnauTl  •  al.so  found  it  MiiH^riur  tu  carUilic 
ai-id  and  tlie  otlier  eresol  iirc|KiratitiiKs, 

Solutol  is  a  snhitinn  of  abinit  GO  |xTcx"Ut.  of  m*sols  in  sodium  crt^ol. 
Aet-ording  to  Hno|T]K^,^  it  is  far  t^nperior  to  f.'i-<x>lin»  lyntl,  solvetil,  and 
plii'ut*!,  in  wliicli  conclu-sion  hv  agnes  with  Butt^^rsark.*  Haunnt^r'' 
alst(  an<l  othei's  have  found  it  t**  be  well  .suited  to  the  purjN^srs  of 
genera!  disinfe<'tion. 

AlcohoL — OrdiTmrv  aler^hol  is  employcHl  extenHively  as  a  preserva- 
ti%'e  of  organ !<■  material  in  great  variety,  and  henee  lias  eome  lo  be  re- 
ganli'il  as  a  ]icn\>'rful  dir<infVetaut  as  w<4l  as  antise|)tie.  Kmdi's  e\- 
jx^rinunts  sliowetl  that  altliough  the  growth  of  anthmx  baeiili  was 
inliibiti»d  by  1  |)er  e^jut.,  and  wtiolly  stopix^d  by  8  per  cent.,  the  spores 
were  anaff('ete<l  by  nearly  4  uioutlis'  expr»sure  t<j  absolute  alrohol,  eqnal 
part.s  of  tlie  sauir  and  water,  and  mixtures  of  1  part  of  aleohol  and  2 
puis  of  water,  Sternberg  and  others  have  shown  that  agtiinst  some 
forms  of  baeteria  it  is  iuuttitaeut  Jts  a  germiiade  in  any  degrt-e  of*  euu- 
centratioa,  and  that  in  different  strengths  it  affei_'t.s  other  forms  to  dif- 
ferent extents,  Epstein's'*  exjierimeiits  led  him  to  the  eonebision  that 
absolnte  aleohol  is  ilevoid  of  gerniieidal  j>roperties,  and  tliat,  ditntid 
witli  water  to  50  |K'r  eent,  strength,  it  exerts  more  aetion  than  at  any 
other  strength.  Considerably  stronger  nr  weaki-r  solutiiais  show  much 
diniinisheti  power. 

Fmnk's'"  best  resnlts  were  obtained  with  4(1  pir  cent,  alrohol,  which 
destroyer  1  anthrax  sp«»res  in  '>  minutes.  He  found  the  vapm^  of  oO  to 
80  |»er  cent,  aleoliol  to  k*  more  or  less  pruKhietis'e  of  results,  but  that 
of  90  to  99  {KT  eent.  and  of  mixtures  l>elow  40  |>er  eent.  to  be  quite 
ineHee.tive,  \V.  von  Brnun^  eame  to  |)ractieal!y  the  same  eoiiehisiiais, 
as  did  also  AhUMd,*^  whose  brHcf  it  is  that  the  water  in  the  mixfnro 
eimst^s  tlie  envelojH' of  the  bai-ti'Ha  to  swell  and  permits  the  entranee  of 
the  aleohol  into  the  interiiM'. 

Miuervini  '^-  fouuti  that,  .rt  ordinary  tem]ieraturcs,  aleoh«il  and  its 
aqueon>  dilntiDUs  are  pnwerk'ss  agjiinst  spnrc-bearers,  even  with  long 
exposure,  and  tliat,  ;ig:iiust  tlie  sprnvless  Imeteria,  the  action  is  variable 
iieeording  ti)  the  iumjunt  i^f  water  present.  The  nmst  pi>werfnl  actiriu 
waj*  exerted  by  50  to  70  [K*r  eent,  aleohoL  MeatiMl  under  jjressure  in 
ait  antiM'lave,  the  jH^wer  incrdises  flirc^'tly  with  the  |M^reentagc  cif  water. 
Many  gt  rmieitlrs  uhic-li  are  etfcM'tive  in  aqueous  sulnti<Hi,  apjiear  to 
lose  more  nr  less  iif  their  pnwer  in  ah'ohnb      Miuervini  founrl  .">   jM-r 

I  Arrhiv  fiir  llviriene,  XII.,  IStU,  p.  359.  ^  Iliiaeiu,  XXL,  18i>4,  p.  IDS. 

*  Berliner  kliiiK-lie  \ViX'lieiiSi'hrift-,  189;^,  No.  L'l. 

*  Arl>eik'ii  uhh  ttein  kiii?(t'rliehen  (TeMiiiitllii,'il:^iinu%  VI I L^  18'.»2,  |».  H(j9. 
**  Leeo  t  it!itn. 

■  ZeitH^hrift  iTii  Jlypieiu^  iiml  InferriimKkmnkheiten,  XXIV.,  1897,  p.  1. 
'  MiiiMHtoiifr  int'ditiiiij^'lii'  Wmht'iiselirifL,  I'JOl^  No.  4,  [».  VM. 

■  Ibidem,  UKU,  Nci.  7,  p.  ^iii'., 
*'  IIy«ri"'iiisc'|je  l^iiii<lr4<'|yni,  VMH,  p.  111. 
■*  Zeiliifhnft  fiir  Hygiene  ujid  luteeliuiijiknuiklieiun,  XX1X,|  1898,  p,  117. 
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«cent.  of  carbolic  acid  in  g^troug  alcohol  to  act  with  undiminished  eoergr, 
but  observed  that  corrosive  sublimate,  nitrate  of  silver,  and  odxr 
agents  were  more  powerful  as  the  percentage  of  alcohol  in  the  solu^ 
diminished.  According  to  Epstein,  not  only  carbolic  acid,  but  ako 
corrosive  sublimate,  lysol,  and  thymol  are  more  jx)werful  in  50  per  cent 
alcohol  than  in  water,  but  other  agents  are  weaker. 

Lenti^  has  reported  that  while  0.4  per  cent,  of  corrosive  sublimale 
in  absolute  alcohol  had  no  eflTect  on  anthrax  spores  in  48  hours,  0.1 
per  cent,  in  98  per  cent,  alcohol  destroyed  them  in  half  the  time.  Sim- 
ilar results  were  obtained  with  10  j)er  cent,  of  carbolic  acid  ;  in  abso- 
lute alcohol,  it  was  powerless,  but  in  30  jx?r  cent,  alcohol,  it  killed  them 
in  48  hours. 

Essential  Oils. — ^The  volatile  oils  have  long  been  known  to  posses 
a  certain  decree  of  antiseptic  power,  but  bacteriological  exj)erimenl»- 
tion  has  failed  to  demonstrate  that  they  are  very  active  as  germicides. 
Those  highest  in  favor  are  the  oils  of  peppermint,  eucalyptus,  and 
thyme,  which  contain,   resj)ectively,  menthol,  euoalyptol,  and  thfMl. 
The  latter  was  in  somewhat  extensive  use  in  surgical  practice  j)rior  to 
1870.     It  is  only  slightly  soluble  in  alcohol,  ether,  chloroform,  aud 
fixed  and  volatile  oils.     By  many  it  has  been  regarded  as  superior  to 
phenol.     Spencer  Wells  much  preferred  it  in  his  extensive  experience 
in  ovariotomy.     According  to  Behring,*  however,  it  is  only  about  t 
fourth  as  powerful,  and  Sauter*  ranks  it  even  l)elow  salicylic  acid. 
Eucalyptol  is  practically  insoluble  in  water,  but  soluble  in  alcohol  and 
other  solvents.     C'oncerning  this  agent,  too,  there  is  much  diversit}'  of 
opinion,  some  regiirdiug  it  as  vastly  superior  to  phenol,  others  a?  much 
inferior.     Lister  praised  it  highly.     Behring  found  it  to  be  about  equal 
to  thymol.     Menthol  is  sparingly  soluble  in  water,  but  freely  in  alciW 
and  other  solvents.    It  has  been  highly  praiseil  as  a  surgical  antij^optic, 
and  as  freely  critieised.     Omeltschenko  *  ranks  the  oil  of  j)eppermint 
al><)vo  that  of  eu(»alyptus,  but  lx»low  that  of  thyme.     All  three  are 
plaeed  l)y  hiin  Iwlow  the  oils  of  cinnamon  and  cloves. 

Aside  from  the  conflicting  evidence  as  to  the  power  f)f  the  vari^Mis 
volatile  oils,  their  cost  alone  would  be  sufficient  to  restrict  their  gen- 
eral use  as  disinfec^tants.  They  are  employed  considenibly  in  variou> 
r'oinhinations  in  month  washes  and  in  a  numl)er  of  decidedly  expensive 
proprietary  disinfectants,  one  at  least  of  which,  tested  by  the  author, 
lias  Ix^en  found  to  be  efficient  in  the  sterilization  of  tuberculous  sputum, 
one  of  the  few  uses  for  which  its  manufacturers  make  no  claims. 

Soaps. — It  is  well  known  that  ordinary  soaps,  both  Imrd  aud  >oft, 
an;  possessed  of  considerable  bactericidal  jiower,  investigated  first  bv 
Koch,  who  proved  that  potash  soap  in  the  projxirtion  of  1  to  o,<XX' 
liad  a  distinct  inhil)itorv  effect  on  the  growth  of  anthrax  bacilli,  ami '" 
five  times   that  strength  prevented   it  altogether.       This  action  wa? 

'  Annali  dolVistitato  d'i^'iene  speriiiKMitale  della  reale  Universita  di  Roma,  iNi 

*  ZeitHclirift  fiir  Ilypieno,  IX.,  1S'.)0,  p.  SOo. 

"  (Vntralblatt  fiir  pcsuinnto  Ther.inio,  \'I.,  p.  376. 

^  Centralbhitt  fiir  liakteriologie,  I  A.,  IHiU,  p.  813. 
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itted  by  Kuisl/  who,  however,  asserted  that  against  other  kinds  of 
B.  typhosvs  for  example,  it  was  inert.  In  1890,  Behring,^ 
experimenting  with  40  different  kinds  of  soap,  proved  that  their 
IbinfectEint  power  was  considerable,  and  concluded  that  it  was  dei)en- 
8ait  upon  their  alkalinity.  Koch,  however,  had  demonstrated  that,  with 
equa]  degrees  of  alkalinity,  soil  soap  was  8  times  as  iK>werful  as  potash 
ume;  and  Serafiui^  has  pointed  out  that  the  free  alkali  present,  even 
bi  concentrated  soap  solutions,  is  so  small  in  amount  that  it  can  exert 
■Q  disinfectant  action  whatever,  and  that  neither  the  alkali  nor  the 
fattjr  acid,  but  the  combination  of  the  two,  is  the  effective  agent. 

Nijland,*  exi)erimenting  with  a  potash  soap  containing  47.2  per  cent, 
of  water  and  a  hard  soap  containing  14.5  per  cent.,  found  that  the 
brmer  in  0.24  per  cent,  solution  killed  cholera  bacteria  in  10  minutes, 
■ad  the  latter  in  the  same  strength  was  not  wholly  effective  in  15,  but 
fai  0.30  per  cent  solution  destroyed  them  within  1  minute.  The 
cholera  organism  was  used  by  Jolles  *  in  testing  five  soaps,  all  of  which 

Eived  to  be  inefficient.     By  10  per  cent,  solutions,  the  bacteria  were 
troyed  within  1  minute ;  by  4  per  cent.,  in  10  minutes ;  by  2  j)er 
cent,  and  in  three  instances  by  1  per  cent.,  in  30  minutes. 

In  a  later  series  of  tests  with  typhoid  fever  bacilli,  Jolles '  tried  an 
alniost  neutral  soap,  containing  but  0.041  per  cent,  of  free  alkali,  and 
with  1  per  cent,  sterilized  a  bouillon  culture  within  12  hours,  with  3 
per  cent,  within  2  hours,  and  with  6  per  cent,  in  15  minutes.  Ho 
diowed  that  the  action  was  much  influenced  by  temixjrature.  The 
•bove  results  were  brought  about  at  temjieratures  between  4°  and  8*^ 
C,  but  at  18°  C,  the  time  which  elapsed  before  complete  sterilization 
WIS  accomplished  was  about  double.  This  result  is  not  in  accordance 
with  the  general  rule  that  disinfectants  are  more  active  with  increased 
taiperature.  He  obtained  practically  the  same  results  with  other 
^ou^ies  of  Inicteria,  and  reported  tliat,  l)ecause  of  its  action  on  the 
most  common  pathogenic  forms,  soap  is  especially  valuable  and  adapt- 
able for  precisely  the  kind  of  work  in  which  it  is  the  most  natural 
tgent ;  that  is,  in  washing  dirty  and  infected  clothing. 

Serafini,^  however,  is  of  the  opinion  that,  in  the  ordinarj'  washing  of 
dotbes,  soaps  exert  but  little  disinfc^ction,  l)ecaus(^  of  the  many  influ- 
^ces,  hardness  of  the  water,  for  example,  which  cause  a  diminution 
of  their  power.  He  recommends  the  avoidance  of  soft  soaps,  on 
loeount  of  the  presence  of  all  of  the  impurities  of  the  fats  and  alkali 
Trom  which  they  are  made,  and  advises  one  to  distrust  the  ordinar}- 
colored  soaps,  which  are  likely  to  ccmtain  rosin.  If  soap  is  the  sole 
(reliance,  he  recommends  using  it  in  strong  solution  at  *iO°  to  40^  C. 
[86*^  to  104°  F.),  and  immersing  thercMU  for  a  number  of  hours  the 

'  Iniiugtiral  thcfliH,  Munich,  188'>. 

«  ZeitHchrift  fur  Hygiene,  IX.,  181K),  p.  395. 

»  Arehiv  ffir  Hygiene,  XXXIII.,  1S99,  p.  369. 

♦  Ibidem,  XVIIL ,  1893,  p.  335. 

*  Zeitiichrift  fCir  Hvgiene  und  Infectionskrankheiten,  XV.,  1893,  p.  460. 

•  Ibidem,  XIX.,  l695,  p.  1.30. 

*  Loco  citato. 
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artirk's  \<\  W  tri-utinl.     Kvt*ii  with  lon^  Hoakin^,  Bt^ycr*  re^K.rt!^  tmvsjJ 
in^   fSnlutv  (>!'  .snaji  iii^^tiiist   pus  cMKvi   and   the   t>acilli  ot"  t-holera 
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KiiithotttT/-  exjMjrimt'Eithig  with  common  T^\fi  8oap  c<»ntainiiig 
ui  trcH*   idkiih   aud   'ISyh    per   (Tnt.   uf  potassium    carbc»nati%  u 
iiliiiniid-f*il  j?(>ap  pcrfuitKHl  nit!i  nitrolHiizci]  and   rontiiiiiinj^  (».Ofri:i  |.tr 
iiiit.  <>i"  f'R'e  alkali,  itiid  a  pateutt^l  pi^tiLsh  soap  euiitaining  O.Oi^l  |if 
rent.  <^f  tVw  alkali,  found  that  all  three,  even  id  I   per  cent,  8oUiti"»!i, 
wvvv  highly  ettii-ieiit   agsiinst  eholeni  germs  within   ven'  few  mi    ' 
and,  therrturey  rtHHiniioends*  <^^i\\y  as  a  |>nu'ti«d  di^mft'C'tant  f^r  rl 
furuitiirxs  vtv.^  during  epidrniifs  td'  that  dist^iiae.      For  waslniijf  Ipi«1v- 
and  l>ed-linen,  furniture,  woiKl-work,  HoufTs,  ete.,  he  reeonl^lerJd^  a  4  tu 
'i  per  eent.  stttip  solution  as  prtjhahly  efficient  under  nil  eondition^  alW 
fn»m  r>  u^  \{}  minutes*  eontact,  Init   sitggi^sts  eare  in  avoiding  thr 
m*»n   etimmereial    sidt    f^iaps,   whieh    are   freijuently   of   |M>or  (|i 
Experimenting  with  />,  fifjthosu^  and  H.  roit^  he  |>r«»vtHl  that  lieiv  :il'.iih 
the   soaps   iKi.sse^iHiid    a    high  tJegree    of   power^   though    mn<*lj    lan.'v^ 
amounts  were  neeessary  tlian   in  the  case  of  B.  choiettr.     He  demo 
stratinl   that  a    10  jM^r  eent,  .sohition  was  nei-esiiar)^  for  the  d^-stnidi(« 
of  tile  typhfiid   gemii*  witliin  1  ininnte,  an<i  that  si  o  per  <:H*nt,  H»hitwi 
rtHpiinnl  from  3  to  10  minute.s  aeejmling  to  the  kind  of  s<inp,  the**n^ 
s<*ap  being  slowest  in  aeticm,  us  was  true  als>  ag!n*nst  the  cholera  grn 
Against  the  eolon   haeillus,  the  aetion  was  *still  nlnwer  :  5  |^ier  wnt* 
the  almond    soap    re<]uiriHl    15   minutes,   and   the    same    »*trt*iipth  < 
jtotiish  soap  failed  to  aeeornplisfi  eompk-te  sterilization  in   2M  minnti 
Tlie  gnjKTiority  oi'  the  almond   soap  siiggoisted  the  pissibihty  that  \t% 
inereisinl   ]K>wer  might   he  duv  to  the  nitiYilieu/.ol   with   whieh  h  v^hs 
peri\mitHl,  and  e\[>erhnent  showi-d  this  to  he  true.      Ag:iinst  pus  o^ri, 
all  three  agents   tailetl   eomplelely  ;  Sftfphtff(H*oiu*itj^  jtt/ofjrttf'jf  aurnt^  ^^^ 
nnatfeete<l  liv  20  |n^r  eent,  solutit»ns  at   the  ex|)iration  of  more  than  an 
hour.      For   tlie   disinfection  of  the  hand^,  5  per  eent,   j^olutii»ns  were 
ffHHid   to   Ih^  almost   immediately  effeetive  against  eholem  gi^niisbut 
longer  and  mm'e   thon>ng|j  washing  is  reeominended   irj    typhoid  iii(<'<s 
tion. 

Aeeonliug  to  Mikuliez,^  tincture  id'  green  soap,  the  Cierman  ufticiiwl 
Sfiiritttn  sfjftfHHjfttH^  containing  10,:2  part«  of  ]M»tash  soap,  0.8  ofoliv(^ 
oil,  1  rd'glyeenn,  4^1  of  aleoliol,  and  45  of  water,  is  adndndde  in  awfi- 
luteil  form  for  sterilizing  the  hands  in  siirgieal  work.  They  slumkn'** 
seruhhtHl  fur  5  minutes  with  the  pivjianition  in  its  full  stivngth.  I" 
his  ex|)erin)ents,  SfaphiflorarcH^  pytMjvuin  atitriui  Wiis  killed  in  a  b*'^ 
mimite  and  N,  p,  albita  in  a  minute. 

From  all  the  evidenee,  er*nfliefing  lliongli  it  he  in  eertain  n*s{Rx1.\  i' 
mast  he  evi<lent  that  in  soap  we  lia\e  an  agent  \vhii*h,  with  all  it>  linn- 
tatirms,  is  entitled  to  very  serious  eonsideratifm,  at  lea^t  as  an  aiixOiarj' 
in  complete  disinfection, 

>  FnrtM'hrittt-  lUr  Mtilirin,  18«I7,  Na  1. 

*  Airlav  ITir  Mvirii  nr,  XXM!.,  U\H\  p.  :i.50, 

*  Deiitticlie  nifciicinist'he  WtJthensciiriQ,  June  1*%  1890. 


ORGANIC  SUBSTANO^ 


541 


Medicated  Soaps. — In  onlw  in  increase  the  disiiifo'tant  propeitir^s  uf 
cinlinarv  stwips,  various  agents,  ineliidiiijjj  mercury  e<Hn|)<mnds  ciirl>c»He 
iie'ul,  antl  the  eresol  prepirdtiftus,  are  inefjr|M>rateil  in  theiu*  Cimu- 
]>ari^l  with  urdinarv  soaps,  these  preparatioii,s  a(>pear  to  he  of  (ioul>ltiil 
niihty,  althiurtrh  In  the  hands  ^A"^  stune  experiinent^-rs  they  have  yiekkHl 
^^hh!  results.  Fnmi  au  extensive  investij^j^uiou  of  these  stuips,  8ymes  ' 
<'iMiehuled  tliat,  ibr  all  praetit^l  [lurjMjsi^s,  tnost  of  them  pisi^ess  no 
added  value,  hut  that  the  inen-nry  soiips  are  useful  in  tlisirdeetion 
of  the  hands.  A  1  \n}r  eent.  dilation  of  the  binio4lid<^  soa|>  killHl  j>iis 
cHKi'ci  in  1  minute,  while  tlie  either  si  Kips  faileil  to  do  so  in  l\  liours, 
Xijland  ^  fonnd  that  the  addition  of  disiuitx*taut>s  to  ?*oai>s  inereases 
their  action  in  some  eases  and  iliminishes  it  in  others,  the  latter  esjjeci- 
allv  when  the  uddi'd  substanrr  f^oiubiae-^  with  the  ordinary  efmstitnents, 
Afefii'dia|r  to  lii^  rxperiiuents,  the  mint  {xiwiTful  of  all  is  the  eorrosive 
sublimate  soap,  whieh,  however,  has  less  p>wer  than  the  eorrespontlingj 
;imonat  of  subliin:ite  idone.  In  0.003  per  eent.  solution  it  killtnl 
eiioleni  haeilli  in  water  within  10  minutes.  Rideid  ^  asserts  that  the 
dmibie  iodide  *)f  potassium  and  men-ury  lias  stronj^n*  eft'nnieidid 
powers  than  eorrosive  subrnuat(%  and  is  easily  iae(»r[H>itited  in  the  soup 
tJitoek*  He  reeiiramends  the  admixture  of  1  u*  *'J  parts  eaeh  of  mer- 
enrie  and  pnlassie  iodide  in  100  of  srKt|>.  *'  Po!as>io-rnereurie  icnlide 
lias  the  a/lvanta^re  of  bein^  e(*ui[*atibh*  with  s trout;  alkalies.  .  .  . 
Moreover,  it  diies  not  priH'ipit  ite  albufahi,  and  is  not  easily  redneed/* 
MeCliutoek  '  triLKl  to  make  an  antiseplie  snap  in  whieh  the  mereury  salt 
should  exist  unchan^wl  and  aetlve,  and  tound  the  dtMilde  iodide  U>  \n* 
tlie  most  availtible  a^eut  in  the  prn|M>rtion  of  O.o  to  2.t>  pta-  e<iit.  A 
solution  eoatainin^  1  per  eenf,  of  tlie  soap  was  found  to  Im^  fatal  U*  pus 
eoeei  antl  eholeni,  dijththeria,  and  typhoiil  fever  batalli  in  1  minute.  The 
soup  attaeked  neitht^r  niekel,  silver,  aluminum,  nor  ste<'l  instruments, 
nor  leatl^pipes,  and  ilitl  not  euagulate  all>umin. 

Cf*neernin;j;^  earhnlie  aeid  ami  eresol  sna[*s,  tin*  weit^ht  of  evidenee  is 
elenrly  in  support  uf  thi*  assertion  that  they  ai*e  in  mi  way  sujH'rior  to 
eotnmon  simps.  Many  tTnitaiti  no  more  than  stiHieient  tti  make  them 
jxiwerful  in  odor,  wliieli  is  not  suffieient  to  eoufer  any  markeil  baeteri- 
eidjil  jK^wer.  Xoeht*  e3ih>  attention  to  tlie  solvent  ]>rojH^rty  of  soap  ou 
eru'bnUr*  ata<h  showing'  that  at  0<*°  (\  a  3  jht  c*ent.  sohition  of  soap 
will  dissolve  ^>  ]x^r  eent.,  and  donbh*  that  strength  will  ilissoive  1*2  \>iV 
<.H2nt,  of  earlj^ilie  aeid*  He  found  that  a  eold  srjlutiou  of  soap  eoutaining 
1.5  per  eent-  of  earbolie  aeid  was  fatal  Ui  jais  t^oc^ci  and  noTi-s|Maing 
bacteria  in  half  an  hour,  but  reeommeuds  the  ranployment  of  :j  pi-r 
eent.  Si^lution  i>f  a  o  per  eent.  soafi  for  the  treatnu^nt  (»f  ehithin^, 
leather  artitrles,  and  other  objwt6.  Iieith(*tfer*'  found  that  earliolie  aeid 
is  weakened!  by  the  prest^nce  of  soap,  ami  that  n  soft  stwip  eontinniug  40 
j>er  eent.  r»f  lysol  was  no  more  elfeetive  ajtjainst  pus  coeei,  B,  roff  and 

'  Bi"i>li>l  MLHlit'{>-( 'hirnr^^rul  Joiimul.  S'JjI.j  18^111. 

*  I/ijoo  ckato. 

*  Disinfectirm  and  EHfiinfeetantH.  Lrm<l<Hi,  1898,  p.  485. 

*  Medical  Xt-ws,  April  17,  1K1*7,  p.  4,SA. 

*  Zelt«clirift  fiir  llvgiene,  VIL,  IHSU,  p.  5*21.  *  LtK'o  fitato. 
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B.  typhostis,  than  ordinary  soaps,  and  was  much  weaker  than  a  sdn-l*' 
tion  of  lysol  alone  in  the  same  lysol  strength.  Tonzig  ^  found  that 
various  ereolin  soaps  were  ineifective,  like  other  soaps  oontaining  €Qf- 
rosive  sublimate  and  other  disinfectants,  because  new  compounds  m 
formed  with  the  ordinarj^  constituents  of  the  soap,  and  the  nalanl 
disinfectant  properties  of  the  same  are  thereby  diminished. 

In  the  disinfection  of  hands  by  means  of  medicated  soaps,  it  should 
1k»  l)orne  in  mind  that  the  added  disinfectant  is  commonly  pres^'Ot  in  in- 
sufficient amounts,  and  that,  as  used,  the  soaps  form  a  very  weak  mlu- 
tion,  which,  in  the  time  ordinarily  given,  can  have  but  little^  if  aoT, 
effect. 

Formaldehyde. — Formaldehyde,  otherwise  known  as  methyl  alde- 
hyde and  oxymethylen,  the  simplest  known  compound  of  carbon^  hvdro- 
gen,  and  oxygen,  was  discovered  by  Professor  A.  W.  Hoffmann  b 
1867,  but  its  germicidal  properties  were  not  recognized  until  1886,  and 
were  not  put  to  practical  use  until  1891.  It  is  a  gaseous  product  tf 
oxidation  of  wocxl  alcohol,  made  most  simply  by  passing  a  current  of 
the  alcohol  vapor  over  platinum  sponge  previously  heated ;  as  the  vapor 
comes  in  contact  with  the  incandescent  platinum,  it  is  oxidized  to  alde- 
hyde and  water  (CH3OH  +  O  =  CUjO  +  Bfi).  The  continuo» 
current  maintain^  the  incandescence.  On  a  large  scale,  it  is  prodottd 
by  treating  the  alcohol  in  copper  tubes  containing  incandescent  oAe. 

Formaldehyde  is  soluble  in  water  up  to  40  per  cent.,  and  gives  a 
neutral  solution,  but  the  commercial  preparations  are  usually  d^itlf 
acid  in  reaction  frf)m  traces  of  formic  acid.  Its  solution  cannot  he 
stronger  than  40  per  cent.,  and  attempts  to  concentrate  it  or  to  condense 
the  vapor  cjiuse  it  to  ]K)lymerizc^  to  a  white  indistinctly  cr\'stalhne  solid, 
trioxymethylen  or  j)araformaldehyde  (CgH^Oj),  which  is  almost  insolu- 
ble in  water,  melt^  at  171^  C,  when  ignited,  bums  with  a  blue  flame, 
but  when  gently  heated  in  an  oj)en  dish,  is  converted  again  to  the  gas- 
eous forma ]deliyd(\  When  the  solution  is  heated  in  a  closed  veswl 
under  pressure,  polymeriziition  is  prevented  by  the  presence  of  borax 
(►r  of  nentnd  salts,  as  chloride  of  calcium. 

Formaldehyde  vaiH)r  is  exceedingly  pungent  and  verA'  irritating  to 
tlu»  eyes  and  nose.  It  has  a  strong  affinity  for  many  organic  snh- 
stimees,  and  combines  with  nearly  all  foul-smelling  pnxlucts  of  decom- 
j)osition,  forming  odorless  compounds,  and  thus  acting  as  a  deodorant. 
It  transforms  gelatin  in  solution  to  a  tough  transj)arent  substance  in- 
solul)le  in  boiling  water,  causes  blofnl  serum  to  lose  it*^  coagidabilit}' l»}* 
heat,  combines  with  the  protoplasm  of  bacteria,  and  converts  egg  albu- 
min into  a  sul>stance  insoluble  in  water  and  indigestible.  With  am- 
monia, it  forms  an  incTt  compound,  hexamethylentctramin,  which  Iw^ 
the  (Klor  of  neither  substance  (4NH3  +  eCH^O  =  (CH2)^N,  -r  6H,0). 
It  has  no  action  on  copper,  brass,  zinc,  nickel,  silver,  iron,  steel, or 
other  metallic  substances,  causes  no  diminution  in  the  tensile  strength 
of  fabrics,  and  has  no  bleaching  or  other  effect  on  colors,  excepting  to 
intensify  the  effect  of  certiiin  of  the  coal-tar  dyes  (fuchsin,  gaffranin, 
*  Gazetta  degli  ospedali  e  delle  cliniche,  1900,  No.  6. 
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aiiil  jxrhaps  others).  It  inny\  however,  fix  blfirxl,  pus,  and  iiee^il  stains^ 
i\n  (4«^thing.  It  has  mi  injurious  aetion  im  elothiiig  ami  other  woven 
fabrie.s,  fnrs^  artit*les  of  rubber,  leather,  and  pi|M;*r,  |>h(jt<jgraph.s,  paint- 
jugs,  w*MHJvvr*rk,  and  fiiroitnre. 

Tlie  autiseptir  profK-rties  of  funnald(*hyde  wwv  ncite*!  iirst  in  1886 
by  Loew  ami  Fiseher,'  but  it*  value  as  a  [jnietieal  disiiileetant  was 
made  kmnvii  firi^t  by  Trillat^  in  a  eomuiunie^iticni  to  th(^  Freneh  Aead* 
emy  of  tSoieuee  m  181»2,  aitd  siui-e  that  time  it  has  lj*'en  the  subjrft 
of  very  exiensive  investij^ition,  wbii-h  bas  demuustnitrd  f^mirlusivt  ly 
that  forma Idehvile  is  l>v  far  the  most  jwwerful  luid  praetiral  trbeniiral 
disintectant  kiiowiK  In  generab  it  is  used  in  the  form  id'  gns  gener- 
ateil  in  ditFcrent  ways  from  methyl  aleuhol  or  i'roni  tiie  aqueous  40  jx^r 
eent,  solution,  eoinmonly  knr>vvn  liy  the  eornniertaal  name  lAirjnalin^or 
from  the  solid  piilynicr  trioxymethylen,  otlu-rwisc  known  as  paiidonnal- 
dehyde  and  by  tbe  trade  name  Paraform.  In  8*>me  proeesses  of  distn- 
feeti<ni  and  ileo*hirization,  it  is  ajiplied  dia^etly  in  tlie  form  of  aipieons- 
solution, 

Metliods  of  Use,  and  Apparatus, — At  first,  tbe  gas  was  generated 
direetiy  from  metliyl  ale<tbol,  by  rm^ans  of  lamps  s|XK;ially  eonstrneted 
for  the  purpose.  The  first  oi'  thene  was  devised  by  Trillat,  who  ^vas 
followed  by  Gtunhier,  Barthel,  Di(^udonn^%  Krell,  Tollens,  and  otliers^ 
who  presenttMl  various  m(Mlitieatious  ami  imja-oveuieuts. 

In  189G,  Professor  Robiusdn^  <if  liijwduin  College,  exhilfited  at  the 
annual  meeting  of  tbe  Amerieau  Pubiie  Health  Assf»eiatiou  a  lamp 
devised  by  him,  wbieh,  it  is  gt*n(*ndly  agreetl,  is  the  best  yet  invent4xh 
It  eonsists  of  a  disk  of  uitKlcmtely  thirk  asljesto.s,  elosely  [K^rfomted 
with  small  boh^s  and  platinize^l  with  a  stnmg  solntimi  tjf  [jlatiuie 
chloride,  and  a  cylimh-iitd  dish  njMai  wbieh  it  is  superini|Wis(Mh  In  use, 
the  dish  is  filled  partly  witii  methyl  aleubo!,  and  tbe  ^lisk,  at  first 
renio%'Bl,  is  wettcnl  with  aleohnl,  whie!i  is  tlien  ignited.  As  ^Mm  as  the 
aleohol  is  rnijsnuieil,  tlie  disk  is  re^plarH^h  when  it  ts  at  a  snflieiently  bigb 
tenijrenitnre  to  etmvert  the  fnnu's  fn^ni  tbe  methyl  ale<»ht»l  Ixiieatli  to 
formahlehyde,  and  a8  long  as  tbe  prex'ess  eontimit^,  is  maintained  at 
tbe  |trnper  degrn'  (>f  heat.  But  this,  in  (Mimmfin  wit!i  all  other  lamps 
of  thi'  kind,  is  op^n  to  sevenil  nbJH^tions,  among  wbirli  may  be  unni- 
tioue^I  the  small  yielfl  of  fnnnaldeliyde,  whi(4i  necessitates  the  empluy- 
ment  of  a  large  mnnber  of  gen  era  tin's  ;  tbe  faet  thai  a  large,  if  not  tlie 
greater,  part  of  the  ah'olu^l  is  e*n»vertfH(  tu  earlnm  monoxide  and  dioxide, 
and  the  danger  of  fire, 

Trillat,  rt^eiignizing  the  defe<*ts  of  bis  i>wn  and  other  lamps,  and  beings 
eonvincetl  of  tbe  futility  of  attein|>ting  to  disengage*  tlie  gas  by  evap- 
omting  the  atpieons  solution  from  (^R^n  vessels,  where! »y  iKilynierizathni 
h  caused,  attempted  I  to  devise  an  apparatus,  in  wbieh  the  aqueous  solu- 
tion could  be  eni|>Ioyed  without  the  oreiirrenet^  c»f  this  nndesfrahle 
phen<jmenou,  Tbe  outcome  of  his  study  was  tln^  aubx-lave  which  Ivears 
his  name. 

'  Journal  fiir  |>rakti?«:'W  f'bfriiie,  XXXIIL,  p.  221. 
*  Compter  rendusi,  CXIV.,  p.  1278. 
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Trillat's  auU>cla\T,  shc»wn  in  Fi^.  92,  consists  of  a  cylindriail  ih 
lined  poti^f  heavy  cMipj>er,  of  alnrnt  a  giillon  «*4ipacitv»  with  at-oveiKM 
in^  iJii  u  rubl>er  gasket  and  se<uirod  hy  tneiin^  of  tiirn-liurklf^  "* 
coV(?r  carries  a  pressure  gange^  a  themiometer,  and  an  outlet  conti 
by  a  valve  and  terniiuating  in  a  narrow  brass  tube.  Tlicpf^tiii^ 
imrt-ed  on  a  tri|w*d,  and  beneath  it  i^  a  Swedii^h  lamp,  the  Baanj 
wliieli  is  fed  l>y  vajjors  from  kero^jene  oil  forced  i»iit  by  tnunpn'swdl^ 
In  the  pot  is  placed  not  more  than  threi^-fotirtbs  nor  Ics?  than  oi 
fourth  of  its  ('ajtaeity  of  a  niixture  of  the  40  j>er  cent.  ^Hmm 
formaldehyfle  and  chhiridc  of  ailcium,  the  latter  for  the  piirp«sf(i 
pre\*enting  |>r»lymeriziitiun  under  pressure.  This  mixture.  whi( 
taints  IGO  grams  oi  the  chloride  to  the  liter,  is  known  as  Formo 


Fia.  92. 


Fiii.  93. 


TrfUftfs  •utocliive. 


6«nitiiry  Construction  iVunptny* 
ivgtiicrator. 


The  fbrniiildehyde  solution  used  shouhl  be  ]>ractic4illy  free  from  tnvtip 
alcohob  whieli,  while  of  no  practical  interest  under  onlinar)  eimim- 
stanees,  is  an  objectionable  imjHUity  when  tlie  solution  is  U'^ite^l  uiw^ 
pn^ssun^',  siucc  then  it  unites  with  a  eorresjMincJing  amount  of  foniw- 
<lehy<k'  tip  form  inert  TiietbylaL  The  cover  is  firmly  Hxitl  by  the  turn- 
buckh-s,  and  then  the  lamp  is  put  in  operation.  AV'ben  the  tfiUitje  Hl»«>ff^ 
ti  jjn^sure  of  tliree  atuinsplieres,  the  outlet  ttibi*  is  intro<luc<xI  iiitoiiH* 
keyhole  of  the  d^Kir  of  the  rrHini  to  be  dtsinfecttHb  and  the  valve  isc)|KW 
gmdually  ao  as  to  ivlease  tlie  vap*)r.     The  disengagement  t>f  the  p^  ^ 
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fitil  a  sufficient  animint  of  the  liquitl,  l)ased  upon  the  amount 
trt*at*M.!,  is  consumeil.     Accf>rding  to  Trillat,  in  the  ease  of 

rdinary  size,  siiy  IH  feet  square  ami  in  from  flmir  to  ceilin|r, 

m  should  rtH|nire  nhant  an  hour.  The  ol>jectionH  urg*il 
form  of  appjtnitus  are  its  eo^t,  the  want  of  uuiforniity  in 
of  gas  deliveretl  within   a  given   titne,  and  tl*e  danger  of 

om  the  possihiHty  of  the  non-working  of  the  vaivej  or  from 

by  one  eaiise  or  another  of  the  outlet  tube, 

iv  of  otfier  apparatuses  tV»r  the  same  purpose  have  heen 

.  to  several  of  them  these  ohjections  do  not  apply.     One  of 


Fio.  94. 


i_ 


regen<»rator  miulv  by  t!u*  Sanitary-  Construction  Company, 
:ensively  liy  publie  aulhorities.  (>H>e  Fig,  93.)  It  consists 
reservoir,  holding  about  il  quarts,  from  the  bottom  of  wliicli 
rtcT-ineh  etip|H^r  tnlw,  wliieh  forms  a  e*)il  2  inches  l>elow, 
rns  upward  and  extends  atK>ve  tlie  top  tfi'  the  apparatus, 
fitt*Nl  with  a  rui)ber  tnite  carrying  a  fine  copper  nozzle, 
eh  the  gas  is  dt*livert^l,  Riieatli  the  C4al  is  a  Swedish 
to  that  used  with  thi^  Trillat  autoelave.     The  formaldehyde 


546 


DISISFECTANTS  AND  DISIXFECTIOy. 


M 


:^' 


Bulution  i*^  admitted  to  the  lioatttl  eoil  tliroiigh  a  valve,  awl  ii*  ^ 
formeci  to  vajmr,  which  ey^eajves  throiig-h  the  nozzle.     Neither 
nor  the  jxreseoce  of  luilcium  t*hloride  is  nt^'essary^,  and  the  mpid 
actioD  and  amount  of  solution  use<l  can  lie  determine*!  hy  ob 
the  height  of  the  liquid  in  tlie  glass  gauge  on  the  s^ide  of  the  rei*er\^oil 
The  apjxinitus  is  very  miieh  cheajM?r  than  the  Trillat  and  similar  j 
ckivet?. 

Another  regenerator  whieli   niei'ts  with    favor  ih  that  of  Lent!  i 
Fig.  94),  in  whieh  the  foraialdehyde  solution   is  heateii  in  a  retort! 

means  of  a  Swedish  lamp,  tbe 
^^''  '  '*  emerging  tlirough  the  metallk'  dt-li 

ery  till  »e  eonneetetl  by  rublitir  tubii 
with    the   nozzle,   whieJi  is  inj»ei 
through  a  keyhole. 

In  order  to  avoid  the  ui^eof 
liquid  pre[«iRitloiu  and  to  emj>lm 
its  jjhife  the  8<ilid  polymer  triuiv 
thylen,  or  panifomn  the  ty-hm 
lamp  was  devis^Hl,  and  in  1897 
1 1  rough  t  into  noti(*e  by  Aroi 
after  he  hail  made  a  series  of  ti 
whieh  yielded  gocKl  result:*. 
very  sin)|)le  and  inexpensive  a|' 
mtus,  .shown  in  Fig.  R5,  cH)nsi!it? 
sentially  of  a  metallic  shell  nd 
unlike  an  open  pieee  of  stn\ 
,  supjwirted  on  legs',  and  carryin^ 
up|>er  jiart  a  liasket  made  of  A)M' 
iron  and  wire  gau^e,  and  an  alt^W 
lam[*eanving  t>  or  more  wiek?.  F"r 
convenienee,  the  para  form  is  -i 
in  pastilles  weighing  a  granj  -.  . 
and  the^e  are  placed  in  the  li5tHkc*i»  I 
the  nunilier  of  2  f*»r  every  3^>  ciibie  feet  of  air  8|»aw  ta  l)c  diHiifpctiil  I 
The  la]n|i  is  siippliKl  wilh  aleohol  to  the  extent  of  2  cc.  for  eaeh  i*?*^  * 
title.  The  wieks  slioidd  project  not  more  than  about  a  fwelftl 
inch,  whieh  iy^  sufficient  to  give  a  Himie  whieh  will  heat  the  l>ii.>ki  ^  ■-- , 
its  contents  siiflicii^ntly  to  cause  volatilization  of  the  agent,  with  aljtsofll 
hitely  no  danger  (*f  its  taking  fire  an<l  thus  yielding  no  foniKilMv^bH 
gas.  By  the  time  the  aleolml  is  eonsuirit*d,  the  pMstilles  will  bive  U'lti 
volatilizwl  eompictcly  tw  nearly  so.  If  the  spatx^  to  be  trttittd  bet^t 
such  size  that  the  rcHjuisite  number  of  pastilles  cannot  Ik»  placed  i«  H»^ 
basket,  more  than  one  a|tparatus  should  be  used.  This  pnieess  ha.*  tbr 
advantage  (d'  simplicity  and  etMniomy  of  time,  ibr  when  the  appira*"*^ 
is  phiced  in  |iosition  with  its  lamp  burning,  it  retpiin:^  no  further  8ltcii- 
tion  on  the  part  of  the  ojierator,  whf>  then,  with  other  lampg,  is  eJ 
to  start  the  prot*t^s  elsewhere,  and  thus  aeeomjilish  mneh  mon 
*  Zeh^ichrift  fur  llygione  uml  InfeL'tioii-skniiikhtjiten,  XXV.,  18117,  p.  18<i. 
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another  who,  of)oratin^  an  iiutoelavCj  <ir  similar  apparatus,  is  obligeil  to 
give  it  corisUmt  attention  us  ktnjir  as  the  gas  is  Imng  ^eneraU^d. 

Still  another  a|jptiratns  W  that  iisetl  in  what  is  kn(»wn  as  the  ^*  lires- 
lan  methtxl,'*  in  wljicli  the  gas  is  diseng'dged  in  eornpany  with  an 
abundance  of  steam,  by   boiling  dilute  h>rmaldehyde  solution.     The 


Fig.  M. 


m 


Bresliiu  regenemtcir  niul  Itiinnp. 


apimratn^  shown  in  Fipf.  90  and  97,  taken  from  the  deseription  of 
th*'  niethfxl  by  von  Bninn,*  consists  of  a  eopper  boiler  aluajt  14  inches 
in  diameter  ami  :\  in  depth  at  the  periphery,  with  an  iinuiovahlo  cover 
slij^htlv  douK^d,  in  the  eenter  (if  which  is  an  i*ytlet  tnbe,  to  which  a 
stout  robber  tube  e*in  Ix^  attaehnh     The  cover  is  providtnl  also  with 


Fro.  97, 


V 


V  V 

Verllral  st'etloD  of  Hrtslau  regenerator,    (Lump  in  position,) 

two  handlers  and  an  ririfiee  closed  by  a  screw  cap,  A  flangp  aronnd 
the  npper  Inirder  of  the  l>i>iler  keeps  the  latter  in  place  when  it  is  put 
on  its  suppfvrt,  which  i>;  a  cylinder  of  enamclliHl  slieet  iron  about  14 
inches  iu  lici^^ht,  pniviiletl  in  its  lower  half  with  slits  fur  the  frc*e  en- 
trance of  air,  arjd  on  its  inner  side  with  three  supfMirts  tur  an  alcohol 
*  Zeitschrifi  fiir  Hygiene  mid  Infiftionskrankhciten  XXX,,  p,  201. 
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iaoip.    Tht'  lump  is  an  (»pen  di.Ji,  tliruugh  the  bottom  of  whiefa,  ia  Vtm 
concentric  ring>>,  20  inlya^  pn»jt*t*t  upward  as  high  as  the  fddes  iif  thM 
vehi.stjL     With  this  aj»|KinitUh,  :^.o  liters  {nearly  4  qimrti^)  of  fluid  citi 
Ih_*  bmught  to  IhiiI   in  10  minutes,  ami  nearly  the  whole  can  he  evapti 
rati^l  in  an  h^»ur.     Tlie  amount  ot*  alcohol  pla**cd  in  the  lamp  ^hoiif 
Im^  about  uue-lourtli  of  the  voluoie  of  the  HjlutioQ  ill  the  hoiler*  an 
this  will   be  consumwl  before  the  Innler  18  ejupty*     Like  the  Sfheri 
Iani|i,  the  appanitus  may  be  left  in  the  roi^m  or  it  may  be  u^etl  tmisk 
witli  a  delivery  tulie  j>aiising  thronjjh  tlie  keyhole.     In  order  to  achiev 
the  beBt   results,  a  dilutitm  4if  1   part  of  the  40  jwr  eent,  Sfdution  ti 
f(»rmal*lehyde  witli  4  of  water  is  nH-onirnendetl.     With    thi^    dthitioi 
<>ne  avoitls  the  |w»lymenzation  ob>ervKl  when  the  undilutc^l  Sfdiition 
lieatnl,  wliieh  is  dnr  to  the  tart  that  the  water  h  driven  off*  faster 
the  formalilelivile. 

A  soniewliut  .similar  apjianitus  has  l>een  devist*tl  for  the  generate 
of  steiim  in  eonnwtiou  with  the  use  of  the  Sc^ieriiig  lamp.     It  txni^i^l 
essentially  of  a  ein^ilar  eop|>er  lH>ilei\  snrntuiKlJng  tli€*  St-herin|r  lam] 
and   heated   Uy  a  eirenlar  open  aleobol   lamp  whieh  is  n^jlly  a    sort 
gutter  int<v  whieh  a  measurnl  ajnouul  of  alrohol  is  jK»ure<i. 

In  1897,  Rosenberg'  deserilxHl  and  attem[jted  to  intiTKiuee  a  simjile 
form  r>f  lamp  for  the  vajHrnzjitiou  of  formaldehyde  from  holziu^  a  cJilnte 
methyl  aleolml  eoutaining  m-">  p<»r  in^nt.  of  fonualilehyde  and  5  of 
menthol,  itie  lattf  r  iK'ing  ad<led  in  i»rdrr  U*  jhtv*  rit  the  forniatirm  ofi 
niethylal  and  to  ovejvume  any  teudeuey  Uy  exi»loile.  The  method 
lieen  tried  by  a  uundjer  of  experimenters,  but  the  residts  have  not  I 
to  its  extensive  i'mplcjymeut. 

A  number  of  inventors  luive  devise*!  methods  for  spraying  the 
p?r  eent,  sf»lutiftn  oi'  iorma!dehy/lr  H>elf,  among  them  Liugner,  PraUi^ 
nitz,  Flugge,  and  ( 'zaplewski.    Tlie  latter*  diH'iigagc^s  the  gas  by  means 
of  a  jet  of  steaui  acting  in  a  concentrate*!  solution  of  formaldehyde,  and 
presents  ligures  showing  the*  j>roeess  to  \te  the  t^ieapest  of  all. 

In  ]HW,  Schlossnian '^  adviieatiHl  the  use  of  a  mixtnre  of  formalin 
ami  glyeerin,  whieh^  Ijv  mwms  of  a  steam  jet  fmni  an  ajiparatus  of 
s|MX'ial  eonstrnetiou,  ean  be  disseminated  in  the  air  iu  the  form  of  a  fine 
mist,  whieh,  being  heavier  than  air,  is  supjjoscHl  to  settle  and  carry  do\ni 
all  the  bai'teria  me'elianieally.  The  niixturt^  contains  10  per  cent,  of 
glyeeriu,  and  is  called  giyndormal  ;  tin-  glyeerin  is  supposetl  to  prevent 
|M)lymerizjition  as  well  as  to  act  mechanieidly*  Accord ing  to  Schneider,^ 
ttie  addition  of  glyeerin  is  wholly  unne(*essary  aoil  ili-advantagetms 
since  tiiis  snbstauee  is  deposited  all  about  in  line  dinjilets  aud  make-\l 
eleauing  nmre  ditticult.  It  is  said  also  by  van  Enoengen  ^  that,  in  ad- 
dition tu  rjiakiug  olijects  Hlimy  and  wet»  it  often  attacks  ihr  polish  on 
furnittire,      Kaup/  Czaplewski/  and  others  agree  that  the  addition  of 

*  Zeit8*:'hnft  fiir  ny^ienr*  iiimI  Infefntni^kranklieiJen,  XXIV.,  18i»7,  p.  488. 

*  Munchpner  iriLHlitiniK^'he  WcK'lwiiH'hrift,  1898,  No.  41. 

*  Berliner  klinisfhe  WtH-htMiKhrift,  June  20,  lsf»S. 

*  Aivhiv  fiir  llypeiu-,  XXXVL,  IKIHI.  p.  1*^7. 

*  Bulletin  tin  S**rvi(e  <ie  sint^  et  ilv  rii}>riene  |nil»li<|iie  de  BelgiquCi  1899^  p.  28, 

*  Wiener  mcHlifinisehe  W*M'Jien'^'lirifl,  1SW>,  lS*ys,  42-44. 
^  MiiiicbttDer  me<lici»i8che  Wix-hetiM^^hrtft,  l^\fS^  p.  1306. 
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glycerin  is  unnecessary.  Thi^  imn'os^  i<  also  too  expeui^ive,  and  has 
the  iidflitioiial  rlisiidvaiitiige  of  leavintr  an  odor  which  is  very  lasting. 

AniPther  methixl  ^►f  ^cueralin^*^  ihv  gas  which  dom  away  with  special 
apjiaratns  and  alsn  tlic  nt't^l  of  a  ttanic  is  that  of  Evans  and  UiisHell,' 
which  depends  njKiu  the  fact  that  when  ihrmalin  and  iM>tassinin  jxt- 
raanpinate  art;  brt^nght  togctliei%  a  violent  reaetiun  (K*cnr.s,  with  the 
i»vnlutiuu  of  much  heat  and  nipitl  liberation  of  the  gas,  and  also 
vaporizatinn  of  the  water,  Niiiner^Mis  experiments  denn^nstrat^Hl  that^ 
fr*r  the  attainment  of  the  l>cst  resnlts,  B.o  f unices  of  the  pernianganale 
in  the  form  eif  pt>\viler  or  very  small  crystids  shonld  he  employ td  with 
each  ]>int  of  formalin.  In  any  given  ease,  tlic  ric<*es>ary  ammmt  t>f 
each  having  l>een  ileterniined,  the  ijermanganate  is  phiee<l  in  a  suitable 
vessel  and  the  ft>rnialiii  is  jionrcd  npun  it.  The  evolntitm  of  the  gas 
being  very  rapid,  it  is  necessar}'  ihr  the  < operator  to  leave  tlie  rcHjm  as 
quickly  as  possible.  On  account  of  the  frothing  which  c^ccurs  in  coo- 
^e(pjenee  of  the  violence  of  the  reaction  very  fall  vessels  arc  rerpn'rcd. 
Experience  hiis  shown  that  these  are  best  made  of  tin  and  with  flaring 
tops.  It  is  rec(*nrnicntle(l  that  they  have  a  diameter  of  l(t  inches  at 
the  bottom  and  a  height  of  17  inches^  the  sides  having  a  perpeuilienlar 
height  of  8  inches  and  then  flaring  at  an  angle  of  about  50  degrees. 

Qua J>ti tilt ivc  determinations  provcfl  that  the  yield  of  gas  averages 
HI  j>er  cent,  of  the  atnoniit  present  in  the  solution,  and  that  about 
four-tifths  of  this  are  set  fra*  within  o  minutes,  the  remainder  being 
given  ofl'  in  rapidly  diminishing  ami>unt  during  the  next  12  lurnrs. 
A  ver)''  largt^  number  of  bacteriologieal  tests  demonstrated  that  the 
nietlnKl  is  entitlctl  to  he  ranked  as  highly  efficient. 

I>ien(hinne'  advwatcs  tlie  evaporation  of  diluted  formalin  with  the 
aid  of  heatetl  bricks,  the  liquid  l^'ing  ppnretl  over  them,  or  of  red-hot 
stetd  l>olts,  weighing  alwait  7  jw»nuds,  hehl  in  a  sheet-iron  po(*ket  in  the 
vessel  in  which  the  liipnd  is  euntained.  A  i^critjnitetl  cover  is  emphjved 
to  minimize  the  amount  nf  los?j  of  litpiitl  by  s]>urting. 

Another  simple  mcthoil  of  gencniiing  the  gjis  and  steam  at  the  same 
time  m  that  of  S(*hering,^  in  whieh  pastilles  of  f)araform  and  unslaked 
lirac  are  em|»loycil.  Tlicsc*  are  wet  with  warm  water,  and  tht*  limt 
which  is  pnidnced  in  the  process  r>f  slaking  the  lime  is  sutliviently 
intense  ti>  e:nise  the  vr»latilt/^ition  ♦if  tbrninldehyde  from  the  paraforni 
and  the  tbrmation  of  steain  ut  the  same  tijue.  One  rmiy  use  also 
unslaked  lime  and  diluted  formalin,  droj>ping  the  former  into  the  latter. 

Germicidal  Properties. — The  hrst  to  note  the  antiseptic  ei!V*ct  of 
fornialdeliy(h'  were  L(h*w  and  Fiseher  in  |H8G*  hut  although  Lmnv  <'on- 
tinuHl  his  r)l>servations  tVn*  souir  months,  and  Bnelmerand  St-gidl  made 
u  study  of  its  antiseptic  actifm  in  1H8H,  Trillat,  in  181*2,  was  the  lirst 
to  draw  attention  to  the  imfK>rtantM*  of  the  agent.  Almost  at  the 
sanie    time  «unc  a  pnhlieatiou   liy   Arouson.*     Trillat    rejMnied   that 

'ThirU'L'iuh  Reptjrt  of  the  Suite  B<wrH  of  Health  of  Maine,  1904,  p.  234. 
^  Die  iimliche  Praxi«,  1901,  N\*.  2.  ^ 

*  HvgieniJH'he  Rwn<l*<4?hau,  1900,  p.  70S. 

*  Berliner  klinis^-he  Wwhenschrifl,  1892,  No.  30. 
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bouillon,  icfectecl  with  //.  attf/warli-i^wn^  .sk^riliKed  bv  1  part  of  formal- 
dehyde in  50,00f),  and  that  for  tlie  prevenlion  of  di-o  mi  position  of 
meat  juit'e,  the  agent  arted  as  powerfully  as  t^irmsive  sublimate  in  hiilf 
tiie  atooinit.  Anuisoti  repurte<l  that  trnnvth  ♦»!'  IL  fiipho.siM,  IJ^  aiithrti' 
ets,  juul  pus  eoeei  in  Ix^ujlhai  was  prevente+1  absolutely  by  1  jkhI  in 
2«),0(H),  and  very  nuuli  inhibited  by  1  iu  4n/KMX  "Then  <bl]o\n*d 
other  eJ£i>erimeDtei'8,  and  within  six  years,  fornmldehyde  had  been  the 
subject  of  more  extensf\e  iuva^tigution  thau  has  evet'  heeii  dtn'otedl  to 
any  other  gerniieide. 

With  the  autorlave,  Koiix  and  Trillat  ^  re|wirtrd  that  a  tiunilier  of 
pithogenie  bacteria,  iueliuling  anthrax  spnivs,  were  kille<l  j  ^.  KtihtUis 
and  B.  nwHrnterhutf  survivtHl.  Bosc^^  at  the  same  time,  reporte«l  sue- 
ee^sful  sterilization  (4'  a  large  uumlier  nf  varieties  under  diften:»iit  <*on* 
ditions  iu  a  hirge  air  space  (niore  thau  iio.lKN)  i-ubie  leet),  a-^iug-  :\  Ihem 
of  fornuiliu,  Staphyloeoeei  m  the  poeket  of  a  pair  of  trousers  were  de- 
Mroyed,  but  othm's  more  jiroteetecl  es<'aped,  all  hough  the  eolnu  baeilltiB 
between  the  twt>  sides  of  a  f<i!ded  mattress,  a|>]miT*ntly  still  more  pro- 
teeter],  was  killed.  Of  a  large  variety  of  spi^^nes,  iueluding  autlirax 
K|mres,  B.  ptfociitnieusj  and  B.  ffqjhflurhr,  the  <>nly  exposal  orgjniisnis 
that  eseatHnl  were  B.  mldi/i^  and  It  ititJ^entrriru.^,  The  dust  and  \^'alls 
were  quite  sterile. 

Pfnhl  ^  ffHuid  that  all  exposiHi  oiganisms  were  destroyed  by  the 
Trillat  Tuetlnub  but  that  drietl  iS/f/y>/i///orocr//x  ptfofp  ufs  aurtnH^  antlirax 
^l|K>res^  and  B.  ft/jdfjmtK^  under  a  uuisc's  a[irou,  aial  others  under  a 
militiirv  oven'oat,  were  not  afteeted  ;  diphtheria  baeilli  dried  on  tliivad^ 
and  a  fresh  diphtheria  agar  eultui'e  uucler  a  woollen  lilauket  %vere  d«;*- 
str*iyixh  Fresh  typhoid  agar  cultures  undei*  a  blariket  ucre  not  kilh^l  ; 
.staphyhteoccus  agtir  cultures  were  inhibited.  Strilver,*  with  a  Miinke 
autochive  uiut'h  like  Trillat'sj  vaporized  8(K)  cr.  oi*  foruioehh>ral  in  a 
room  of  abcjut  1 ,250  eubie  i'lH^i  eapaeity,  and  after  12  hours,  found 
that  all  organisms  whi  1*1 1  had  btvu  expt^stnl  wn-re  dead,  but  that  anthiux 
spores  and  />.  (i/pltfhsifs  in  a  tight  closet  aot!  authrax  sjiiires  iu  the  folds 
<*f  uph<»lstery  of  a  chair  were  not  aifectetl, 

Witli  linlzin^  Roseulierg/'  using  abimt  4  ce.  to  tlie  cubic  foot  uf  air 
space,  steriliz(Hl  all  his  test  objtx*ts  within  3  hours.  These  included 
authrax  ba<'illi  and  spiM'cs,  stn-jitMCficci,  auil  the  bacteria  of  di))hthcj"ia, 
cliolcra,  atvd  ty]ihoitl  tcver,  all  on  silk  thn^atls  wrapped  in  blotting- 
pqier,  phieed  iu  {loekets  and  sh't^ves  and  under  the  collar  of  a  coat, 
Htriiver,^  with  the  same  agent  iu  a  like  aninnnt,  was  ntit  so  snece^sfuK 
He  exp»>sed,  for  24  hours,  anthnix  spores  on  threads  and  the  typhoid 
fever  bacillus  on  pieces  of  linen  ;  lu-ither  the  s]H»res  nor  tlie  other 
<trganism  protectrd  hy  several  layers  of  catton  ch)tb  were  destrnvf^L 
In  another  experiment,  using  much  less  holzin,  the  sjH»rt^s  not  protected 
by  several  layers  ol*  cloth  were  flestroyed, 

'  Aniiales  de  rhiHtioa  PaMenr.  1K92,  p,  2HX 
'^  JhUlvm,  imiK  jn  2i>8. 

*  Zeiifk^-hrift  fur  Hvjn^ne  iind  Infettimwkraukheitcn,  XXIV.,  1807,  p.  289. 

*  Ibidem,  XX\'I1.;  im7,  p,  357. 

*  Loco  L'itaLo^  •  Ibidem. 
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The  fir^t  ex|M*rinieiJts  with  paraiunn  [*iistillcs  were  those  of 
Aronscm,'  who  vtiliitiliztHl  2  |mstille,s  to  even'  35  cuhie  feet,  and  at  the 
end  of  24  htuirs  found  that  his  tej<t-<>bjec'ts,  wliieh  niduded  aotlirax 
isjioreii,  Htaphylocoeci,  streptoeocei,  /?.  ptfonitiittHx,  and  the  ^mns  of 
tuberculo>!is,  diphtheria,  ami  typlmid  fever,  on  gtiiize,  thn*ads,  and 
otlier  material  were  destroy txl.  He  re|>eat<xl  the  tt^st  with  hut  half  the 
aoiount  of  [jaraform^  and  a^aiu  found  everything  .stt^rile  fxet^pting  the 
anthnax  8[H>re8j  some  of  which  Avere  .still  active*  Gehrke,*  using  2 
jfti.stitles  to  each  35  eubie  tW-t,  and  with  practiejilly  tlie  satne  tei^tHihjeets 
ari  Aronson  had  used,  fouud,  after  24  houri^,  that  all  that  had  lieeu 
exposed  were  dead,  excepting  the  anthrax  sjiores.  Fairhanks^ with 
like  amoniit^»  repjrted  similar  results  ;  all  expo.setl  oi^^iuisms  and 
«ome  which  ha<l  l»eeu  lightly  protecteil  l>ctween  pic^e-s  uf  cloth, 
and,  in  certain  instatices,  others  more  eompletely  protecte*!  hy  eloth 
and  placed  between  bulky  articles,  were  destroyed.  In  cnie  .series 
cif  tersts,  among  the  protected  objects,  only  the  ty[)hmd  and  dij>htheria 
organisms  were  kilhid,  l>ut,  as  usual,  all  the  ex|Hjscd  genus  were 
-destroyed. 

In  a  series  of  ex[>erimeuls  l>y  the  author  at  the  l^athohFgic^il  Labora- 
tory of  the  Boston  City  Ho.spitid  in  1897/  as  a  preliminary  tt^st,  only 
a  frnirth  of  the  recommended  number  of  pastile.s  were  v<il!itiliKe<:l  in  a 
liuuill  nioni,  in  which  were  place<I  trst  obji'eis,  oidy  une  of  which  (a 
smear  i»f  Dipheocras  htft^aceHnffirh  meiunf/ifidf^)  was  sterile  after  18 
hours*  exposure.  With  half  the  raxMiimended  numlwr,  the  results  were 
better,  but  not  Hatb^factory.  The  test-ol)je<jts  iutroclnee^I  were  j>aper 
.smears  of  anthrax  spores,  Sf(fphiffm*fft'ray  ptfoqrtir>f  atin'Hs^  H.  ttfjiftJ^mimy 
and  a  wry  ix\sistant  UMn-pathogcnic  spoR'-heari ng  baeillus.  After  21 
hours*  exp*isure,  these  were  found  to  be  sterile  withcmt  exccjition,  hut 
dust  I'roru  several  places  in  the  ro<jm  gave  growths,  although  from  crthers 
the  results  were  negative.  A  surgical  dressing,  lying  in  a  ]jaih  yi(4ded 
abnudant  growth  hcfnre  the  cxtR-rimcut,  but  later  was  fuund  to  be  ijoite 
sterile.  Two  Petri  plates,  exposed  for  2<)  miunteri  after  the  room  was 
aired,  showed  7  and  4  colonies,  respectively. 

In  tlic  next  experiment,  the  full  reeonuneudeil  uumber  of  jiastilles 
iivas  employeiL  The  test'^lbJ w'ts  were  smears  of  tlie  sanu?  organisms 
as  before,  l>ut  they  were  more  numerous  and  were  tlitferently  (hsposcxL 
Hime  wcT'c  enclosed  in  cotton  bags  heavily  siztnl,  some  in  similar  bags 
wliieii  had  had  the  sizing  reraoveii  byboilingj  somewhere  plaetJ  in 
Erlcnmeyf-r  flasks,  two  of  which  were  intrndiieed  well  into  the  midftle 
of  a  hair  mattress.  In  addititJU,  a  nnmber  of  moist  dressings  and  wet 
bloody  clrcssings  (enclosed  in  cotton  bags  wei^e  employiil.  After  20 
hours'  exposure,  cultun^s  were  made,  which  ^liow^ed  the  following  results  : 
The  smears  in  boiltHl  and  unboiled  bags  and  tlie  slightly  moist  dress- 
ings, also  enclose*  1  in  bags,  were  sterile  witliout  exception.     The  wet 

'  ZeitHc'hrift  fiir  Hvpiene  uinl  [nfectien^krankhpiUMi,  XXV,,  1897,  p.  168. 
'  rX*ia>«:he  iiit*ilidnii»oIie  W*M'liiMis<'hrift*  Ajiril  14,  ISi^H,  p.  'i42.* 
MViiOTiIblnttfur  !if*kterir.|n^^its  i^U"..  XXIlL,  Ahib.  L,  Nos,  1,  3,  and  U, 
*  American  Juumul  uf  the  MecJii-al  StieiiLeH,  Jun.,  181)8. 
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bliKKly  dresjiin^  gave  jihiiiidant  ^:rcm'ths.  The  fla.sk^  in  the 
agHMul  in  results;  tlu^  typhcml  ami  stajjliyloriKTUs  smears!^  in  each  ^ 
iitiTilej  but  lliose  <^f  luithnix  sjHdvs  aud  ni'  tlu'  n<ni-]>athog<?nie  q<i 
beai*er  \vt*rt.'  Dot  atf'ccted.  The  same  wa.s  foiiml  to  be  the  aiM*  witlst 
smears  ia  a  flu^k  lightly  plugged  with  cottfui  and  gtaudiug  in  an  up 
chihet.  All  four  stnearj^  h\  another  cip^n  flaj^k  plac*etl  in  a  rk»Kil  < 
were  iiiiatleettxl,  Du.st  eultnres  iVoiii  various  |>iirtfi  of  the  n*om  vej 
negative  in  almost  ever}'  ca^e.  Before  the  lamps  were  lighte^l,  i)  Pd 
plates  were  exposed  for  25  ndiiutes,  and  yielded,  respectively,  HtJ,  124 
and  53  colonies?,  alxuit  half  of  whieh  in  esich  ca>*e  w^*rc*  of  SUifM^Oi 
jjtfo(/ene>f  afbns  with  n  few  of  anrfu^^  and,  in  one,  of  cifrem.  Thn 
niore  plates  were  exposetJ  for  the  same  length  of  time  after  the 
was  airtMLi,  autt  the  result  was  pnietirally  negative.  Two  wilonie^ 
ruouid  develo]>tHl  on  one,  and  nothing  whatever  on  the  other  iw*x 
repetition  of  the  experimeut  a  week  later  with  the  same  uumkTof  ( 
tilles,  but  with  only  the  iirigiiud  test-4ibjeeL^,  gave  the  same  negatifl 
reijiulti^»  Preliminary  dust  enltiires  showed  abundant  growths;  *i% 
20  hours'  ex|K>sure,  all  but  one  dust  culture,  and  that  from  a 
closet,  giive  negative  results. 

Power  of  Penetration, — Certain  of  the  earlier,  and  an  oocaaoDAli 
of  the  more  ix-eent,  experimenters  hnve  clabned  for  formaldehyde  a  nwi 
greatyer  penetrating  power  than  eiui  be  explained  by  any  law  of 
or  chemistrj'^ ;  but  it  is  now  veiT  generally  agrei*d  that  while  thbi  i 
is  beyond  doubt  the  most  ]iowerfid  and  ]inietieal  disinfectant  wr  [« 
sess  for  large  air  sjijues  and  general  work,  it  is,  in  the  gasecHL^  fon 
merely  a  surface  disinfectiiut  whieh  sometimes  does  and  oftener  do<*<  i 
j^^nctmte. 

In  addition  to  the  works  already  quoted^  the  following  may  be  cite 
AbVia  and  Rondelli'  i*e|»orted  that,  in  the  interior  of  a  heap  of  clothin 
and  on  objects  eovennl  with  clothes,  no  stcrilLzjition  w*as  effede 
rX>ty  '  says  that  a  airei'nl  analysrs  of  ivjiortcil  result**  shows  that  it  i 
not  be  dep:*nde<l  upon  when  ileep  j>enetnitioii  is  required,  Init  for  m\n 
ficial  di'-infeetirHi  of  furniture,  clothing,  and  fabrics  which  nuiy  ' 
fnvly  spread  out  and  expised,  it  is  of  undonbted  value.  It  «in  ^\^ 
be  relict!  njMin  to  |jenetrate  letters  and  t*ther  thin  |^»acktiges  phioed  iti  ^ 
air-tight  cliamlicr.  To  this  last  statement  are  oppose<l  tlic  i^uh 
obtidiied  by  Dr.  K  K,  Spragnc,  U.  8.  M.-H.  S.,-  who,  attempting 
stcrili/e  cnkures  in  seah'^l  cnvclo)H^s  with  the  Kinyoun-Franci?  di>ifl 
feetiug  ap|Kir:ifrus,  fafh'd  cveiy  time.  Exjicrinienting  with  ordin 
objects  in  a  vacinnn  chain  Iter  heatKl  to  90°  C,  with  a  vacuuai 
15—20  inches,  and  with  much  inort*  ii»rnialin  than  ivxu  he  used  uo 
ordinary  circumstance-^ — 3 GO  cc.  vajM>rizi^l  in  58  cubic  feet — he  fi» 
tliiit  he  auniot  rei'tmimcnd  it  **  even  when  tnuubined  with  a  high  < 
of  heat,  as  a  disiuftH'tant  U]x)n  which  reliance  can  always  \jq  placed  fof I 


*  Zeitsclirifi  fiir  Hygiene  iimi  Tnfectiuniikninkdeiteii,  XX VU.,  189R,  p.  i9. 

*  New  York  Mptlitiil  Jotinuil,  ih-L  1*"*,  1897,  p.  517. 
"  Rciwul   <>Ti   FonualHeliyd   DiKiiifectirm  in  n  Vacuum  Chamber,  Treuuir 


ineni,  \Viisliiii^ou,  GoveniUR'nl  Pniititig  tJHiee,  18^9. 
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Efeitmenf  of  artirles  reijdiriii*;  nmrU  |Knietnition,  esjiei'ially  whea 
exiM»>iire  i>  liniiUHl  t<>  ij  hall    iiuiir/' 

^'ilsoir^  '  experience  leil  hi  in  to  report  adversely  on  its  i>ciietnitive 

pr.     Or|r«iiH"'in^    proteetetl   l>y    the   fiilds  of   a    hliinket    were    not 

kI*      Ffiihl  *   warns   ns   agjiiust   ex|)eetiiig   niorc   than    it   ean    |K*r- 

1,  und   siys    thiit    it   will  always   1k'   only   a   r-uriare    di^^iiifeetant, 

to  in*  relie^l  rip»»ii  tc»  iiiHiieiiee  matters  only  slightly  cuverKl  uv  id 

wliieh  lies  in  mciisnml>h'  thickness  in  cracks  of  floors  and  walls, 

Mieniands  a  less  seven:  test  of  a  disinfectant  tharj  the  ability  to  de- 

anthnix   spores,  and  assigns   that   when   torniald<  liyde   in   tlie  air 

kill  iStaphifiat'ocriiA  pifof/ctus  (tttt'en,^  tlriit)   on   silk   threads,  <ither 

bogenie  organisms  which  enter  int(»  house  disinfect ion^  thr*  strepto- 

ci  and  the  bacteria  of  cholera,  diphtheria,  tiil)ercuU)sis,  and  tyj»hoid 

pr,  will  be  destroyciL 

It  is  iinportaiit  to  Innir  in  niintl  the"  hiek  (jf  penetrating  power  of 
ualdehyde  gfis,  sin<'e  a  ihsregard  of  this  fact  will  cause  nineh  snp- 
di>*infeetii>n  tt*  be  a  positive  danger,  iKxianse  of  over-eonfideni^e 
[the  results*  aetnally  achieved.  TherefVire,  in  p  met  ice,  all  i  obstacles 
borongh  tlisseniination  nnist  l)e  removal  as  far  as  is  possible, 
onditions  Favoring  Action, — Concerning  the  influence  of  moisture 
the  etiiciency  of  forinaldehy<le  gas,  there  is  a  decided  ditier*"n(*e 
l>pinitin.  Abba  auil  Rondelli  ^  l>elieve  that  dryness  aids  the  proc- 
8ymanski  *  re[K>rts  that  it  acts  Ix'i^t  in  dry  air  with  high  tenj- 
Itures.  Robinson*  regards  daHi|mess  as  a  disadvantage.  Trillat 
bt*lieves  tfiat  the  presence  of  moisture  makes  the  resnlt>  uueertaiiu 
"On  the  other  hand,  Strehl  ^  18  of  the  opinion  that  moisture  enhances 
iti*  aetiim  ;  Novy  maintains  the  sinne  view  ;  and  TIammerl  and  Ker- 
miuiner,'  conniienting  on  the  use  of  parafr^rm  juistilles,  assert  that 
the  pnteess  is  effective,  if  sutticieut  moisture  is  supjilial,  and  nvoni- 
men<l  vajiorizing  four  times  the  atnount  of  water  necessary  to  saturate 
the  air  at  tlie  existing  tenifxTature. 

L^he  n*sults  obtained  by  the  author  in  the  experiments  above  men- 
^^ed^  and  in  other  tests  with  eidtures  and  decolorized  fnehsin  solution 
in  tubes  and  flasks  Ntop|HHl  with  abHirheut  cotton,  le*l  him  Ui  tfie  eon- 

Kiou  that  penetration  is  inllueneed  largely  by  moisture ;  **  through 
jiervious  substances,  as  cotton  cloth,  absorlieiit  cotttm,  hair,  etc,  it 
•ars  to  penetrate  more  or  less  easily,  but  not  always  in  surticnent 
iim<»unt  to  exert  germieidal  action.  .  .  .  In  tlie  presence  of  moisture 
the  jK^netniting  power  is  practically  n/7."  ^  With  this  statement, 
iliilt^l  *  drje^  not  agrw.  He  siys  :  **  Inasuiueh  as  the  vnpor  is  so  sol- 
uble ill   water^  tme  would  exfKvt  that   materials  previously  m<jistened 

'  BrtMiklvn  MiMliml  Jminiai,  Nov.,  lHi(7,  |>.  741. 

•  Zeilst'lirifl  ftir  Hygiene  uml  Infwiionskninkheiten,  XX1\\,  J8i*7,  jt,  289, 

•  I>»CO  ritnlcK 

•  Ibklein,  XXVirL,  1H98,  i>.  21i>. 

•  Nintli  Rt-pnrt  of  the  Slatt*  lidJiifJ  of  flpnltb  of  Maiiu\  18%,  p.  180. 

•  CenOTilMaU  fiir  liakturi.afitrie,  etc.,  XXIX.,  18%,  p,  78.5. 
'  Miinc*lit»ner  njedicinist  lie  WfX'honst>lirift^  Nov.  22  iind  29,  J  898. 

•  LfX'n  fitflto. 

•  Disinfection  and  DUinfet-laniH,  2tl  ^/!ition,  London^  1898,  p.  333, 
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would  absorb  more  of  the  gas  than  dry  fabrics,  and  therefore  shot 
greater  efficiency,  as  I  have  found  in  my  experiments."  But  wbei 
the  gas  is  absorbed  by  moisture,  it  can  no  longer  act  as  a  gas,  but 
a  solution  which  has  influence  in  sUuy  and  may  give  off  fumes  to  tk 
parts  in  its  immediate  vicinity.  Rubner  and  Peerenboom*  saytht 
the  dry  gas  has  no  influence  on  dry  objects,  but  if  the  objects  are  too 
wet,  the  concentration  of  the  formaldehyde  solution,  formed  by  absorp- 
tion, is  too  weak  to  be  effective. 

The  advocates  of  the  Breslau  method,  von  Brunn,  Flugge,  aod 
others,  regard  the  concomitant  liberation  of  steam  as  a  most  essentiil 
part  of  the  process,  on  the  ground  that,  as  the  moisture  condenses  oi 
the  walls  and  contents  of  the  room,  the  gas  is  absorbed  and  then  ads 
directly  on  the  object  in  the  form  of  solution. 

It  is  agreed  very  generally  that  a  high  temperature  is  most  cob- 
ducive  to  good  results.  Abba  and  Rondelli,  Trillat,  Symanski,  and 
others  whose  works  have  been  quoted,  and  Ivanoff,*  are  of  this  mini 
Brough,*  whose  experience  in  public  disinfection  is  large,  reports  thil 
low  temperatures  are  dtKjidedly  detrimental. 

Toxicity. — Formaldehyde  is  commonly  regarded  as  non-poisonous 
for  higher  organisms  under  ordinary  conditions,  and  most  experim«it- 
ers  who  have  confined  animals  in  spaces  undergoing  disinfection  have 
reported  no  permanently  injurious  effects.  Aronson,*  in  1892,  noted 
the  effects  of  the  gas  on  guinea-pigs  confined  for  an  hour  in  an  atmos- 
phere strongly  impregnated  with  it ;  they  showed  great  discomfort  and 
uneasiness,  but  on  I'emoval  soon  recovered  completely.  He  reported 
some  results  of  experiments  by  Zuntz,  who  determined  the  fatal  i^ubcu- 
tnneous  dose  for  rabbits  to  be  0.240  gram  per  kilogram  of  body-Meight. 
In  Aronson's  later  experiments,'*  guinea-pigs  and  rabbits,  left  overnight 
in  rooms  containing  an  amount  sufficient  for  practical  disinfection,  were 
found  to  be  alive,  and  on  l>eing  killed  showed  no  evident  even  of 
serious  irritation  of  the  bronchial  mucosa. 

Pottevin^  found  that  a  2  |)er  cent,  solution  in  subcutaneous  doses 
of  0.250  gram  j)er  kilogram  was  fatal  to  guinea-pigs  in  a  few  days, 
and  that  inhalation  of  the  vapors  was  likewise  fatal  in  2  or  3  days. 
Trillat  says  that  it  is  toxic  only  when  inhaled  many  hours,  but  gives 
no  deiinite  number.  De  Schweinitz  exposed  a  calf  for  5  houri^;  it 
showed  no  particular  distress  and  soon  recovered  completely  in  fresh 
air.  KobtTt  exj)osed  guinea-pigs  for  36  hours  without  results. 
Fairbanks  exposed  mice  and  rabbits;  Pfuhl,  white  mice;  Doty, 
^uin(ni-pigs,  mice,  fowls,  and  insects,  and  no  deaths  occurred.  Pot>"s 
time  of  ex  I  )osu  re  was  from  3  to  15  hours;  he  noted  occasional  evi- 
dence of  infianimation  of  the  respiratory  tract,  but  nothing  more. 

Op|K>sed  to  these  negative  findings  are  positive  results  obsened  by 

'  Ily^icnische  Rundsohjni,  1S90,  j).  265. 

■^  (Vntmlhlnit  fiir  Hakteriologie,  XXIL,  1897,  p.  50. 

^  Tnmsirtions  of  the  MassacTnisotts  Medical  Society,  1898. 

*  HerlintT  klinische  Wcn-henst-hrift,  1892,  No.  30. 

*  Zeilsihrift  fiir  HyjricMio  iitid  Infectionskrankheiten,  XXV.,  1897,  p.  168. 

*  Annales  de  rinst'iim  rasieiir,  Nov.  "lb,  1894. 
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lirtJiigli  and  the  iiuthnr.  Broytrb  '  has  re|>eiittMlly  ioiiiid  that  rats  iiiid 
ilogs,  ric*eiiletitnUy  overhjoketl  iu  nioms  umlergnin^  disiiifW'tic*ii,  liavt* 
iH'en  iHuihle  to  survive  evfii  until  the  duor  was  o[jene<L  Ho  notes  that 
flies  are  always  killiHl,  and  ht^lhugs  also,  when  not  prottHJted. 

In  an  ex]K^rinient  eonduetel  by  the  anthor*  in  a  room  of  7,*Jt)0 
-cubic  feet  eapaeity,  in  whieh  <ioO  vi.\  lA'  ibrnialin  were  vaporized,  two 
rabbits  were  left  over  night  iu  a  wire  wige.  80011  after  the  ^is  beg?iit 
to  be  generatiHl^  ln^th  animals  slioweil  evidenee  of  ^rejit  disi-onifurt, 
but  at  the  eml  of  15  hou!"??,  when  the  room  was  o|K'ned,  neitht^r  aj^peartnl 
to  be  nmeh  a(fwt<^l.  But  it  should  be  noteil  that  the  uniount  of  for- 
malin nse<l  was  not  lar*^:'  fi^r  the  air  spaee — no  more  had  Ikhmi  ^'aporizwi 
heeause  of  the  inefficient  working  of  the  gt*nerator.  On  tlie  fc*!lovving 
-clay,  2,150  ee,  of  formalin  were  used,  and  in  the  mr truing  one  ra hhit 
wan  dead  and  the  other  alive^  but  breathing  through  the  moutli  with 
great  diffieulty  ;  he  improved  nt)ticcably  within  2  hours,  but  died  8<i 
hours  later.  Both  animals  were  subjiH^ted  ti>  thorough  examination  in 
tlie  Pathi^logi<-al  Lahoiiitory  of  the  Bf>sti>ri  City  Hosjiital,  from  the 
reeonlg  of  whieh  the  tollowing  description,  which  eviilenees  the  veiy 
I'Xtensive  |Kusonous  action  of  the  gas,  is  taken  : 

**  No.  L  Sei^rtiou  of  the  tcmgue  shows  nothing  abu(»niiaL  Section  of 
tnu<'ons  memlTratu*  of  the  nuajtii  shows  d4!S4piamation  of  tlie  surfare 
epithelium  with  hemorrhage  and  inliltration*  with  lym[>hoid  eel  Is  in  the 
tissue  l>eiu?ath.  Section  of  resopfiagus  is  norniaL  Tlirre  is  no  pneu- 
mruiia.  The  liver  show^s  marked  injection,  with  granular  ami  fatty 
<legenenition  eif  cells  aniund  the  centnd  veins  of  lobuh's.  The  lym- 
phatic gland  shows  some  dilatatioJi  of  the  lymph  sinuses  with  hemor- 
rhiige.      In  th<'  kidney  theiv  is  slight  degeneration  r»f  the  epithelium, 

"  No.  2,  In  the  liver  there  isi  auisiderjible  dihitation  of  hejiatio 
veins,  with  some  degene  nit  ion  of  liver  cells  in  the  centre  of  the  lf)liules* 
The  kidney  is  eongested.  The  epithelimn  of  the  eonv4>kited  tubules  is^ 
honiL'wliat  swollen  and  gramdjir,  and  there  is  a  small  amount  of  eoagu- 
late^l  albumin  in  the  caj>sular  s|>;u?e  of  the  glomeruli.  In  many  of  tlie 
•ronvoluted  tubulet^  there  is  more  or  lesg  granular  and  circular  retieulum, 
and,  in  phices,  desquamatirm  of  the  (*ells.  The  sj>liH*n  shows  a  slight 
amount  <*f  hemorrliage  in  the  pulf*.  Pancreas  sham's  no  change.  One 
of  the  lymphatic  glands  shows  a  marked  degree  of  oedema,  with  f<>r- 
ni;itiim  of  tibrin  iu  the  lymph  sinuses.  In  the  hnig  tliert'  is  intense 
bronchitis  with  ronsolidation  extending  into  tlie  surrounding  linig 
tissue.  This  is  more  marked  in  the  very  smallest  bront'hi.  In 
line  place,  in  the  centre  of  a  fiK-ns,  there  are  mnnbrrs  of  .-hort  bacilli. 
The  exudation  of  the  alveoli  is  almost  entirely  fainilent,  with  some 
large  t*lls  mixed  with  pus.  In  another  place  in  the  tissue  there  wer*e 
numljcr^  of  large  bacilli.  There  is  only  a  slight  amount  of  fibrin  in 
the  exudation.  In  another  jMU'tion  of  the  lung  thcix^  were  vt-rv  much 
larger  foci  whii'h  W(*rr  filled  with  organisms.  All  the  bhwid  vt*!-sels  of 
the  lung  arc  gr«itly  iuje<'ted. 

'*  It  is  ditficult  to  explain  the  absence  of  bacteria  in  the  cadtures 
'  Loco  citato.  '  1  bide II I* 
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iji{idt*  frr»m  t\ie  liui^  ill  the  setTtiul  cnM\  The  ^rmnn  fhanuier  ot  ih( 
Ii'sion>  in  Ixjth  r;is*s  sliuws  the  lu-tiini  of  a  srihible  diemiinil  |M»Uim<i| 
tlif  tissue>,  Tlii*  fhiinges  are  much  more  marked  in  the  secfuul « 
tiian  ill  the  first,  hnt  in  Iwjth  thev  are  uf  the  same  g^'neml  elmnwtfr.'^ 

Ill   am>th(T  ex|KTime»t   in  whieli  the  volmiie  of  fornmlin  vap<mfl 
\yn>   not   sidheient  Ut  t]estn>y  mun*  tluin  a  ?^nuill  prr>|K)rtii»u  of  llie  1 
oljji'ets,  a    iiumlier  of  maelies   in   a  ^his>  <lish  eovereil  with  wij^  gnoi 
were  kilknl  ;  aiitl  in  others  eoiuhn-te*!  in  a  ghi^s  cabinet  in  which  ^n; 
v«»himes  of  formalin  were  vapi>rize<l,  Hie.'*  %vere  verv  qtti<'k1y  ki\l«\. 

Agtiinst  nios^juitues,  Kosenan  ^  tintk  formaltk»hyde  to  Ih*  far  infi 
ill  all  res|X'cts  tu  sulphur  dinxick*. 

Amount  Necessary  for  Boom   Dismfection. — The  aniouDl  of  \ 
dehvile  necessary  to  disinfect  any  given   air  space  dejx'nds  very  i 
iq>i»ti  the  thorrmghness  with  which  the  esca|»c  of  the  gas  is  prpve 
during  the  tijur  given  for  aeti4nL     Under  onliuar}'  ctjnditious  an  J  i 
tlie  observanee  of  all  retis^jnable  iJiiHiintions,  it  is  genera lly 
for  eaeii   1/»IH>  eobie  feet,  a  pint  of  formalin,  or  about  HO 
imroform,  ought  to  suffice.     Striiver^  would  use  45  piu^tille^  per  U 
iiihir  feet  agiiinst  sjMireless   bacteria,  hut    in   imieticjd   disinfection 
eannnt   always   dist^jiiniuatc,      Flilgge'   advises    that,   in    small  ntc 
c-Hntaining   the   usual    amount  of  furniture,  the  nnuibtT  of  [ia>tille*l 
increasHl  from   2   to   2.5   jKn-  cubic  meter,  or  to  Tli   |ier    l^nrwirnlil 
foot. 

With  the  Breslan  metlnHb  it  is  elainud  that  less  than  half  a  jiinn 
formalin    (UK>  e*'.)  will   snttiw  iV»r   1,<HM»  euhie  fn^t  with  7  hu^I^^' i 
pnsui*e,      Xovv  *  also  is  of  the  f opinion  that  iu  the  presem^e  of  suffiri^-nt 
inoistnn%  even  less  will  be  found  adequate;  namely,  150,     PrevicW 
the  gas    is   prevented  fnun   e>54';i]>ing,  there  can  Ik*  no  doubt  tbat  the 
snndler  amounts  arc  efl'cTtive  within  much  less  time  than   that  n-     ' 
given    in    pnieti*'al    work.      In   a  series  of  ex]x*riments  in  a  pra«j 
air-tight  glass  cabinet,  using  as  test-objects  smears  of  anthrax  f|ioi\% 
SfttphiffotuMU'itA  ptfof/t'ii(f<  (utrrnj*,  a  highly  insistent  noii-psithogi'Dic s|K>re» 
hearer,  and  the  haeilli  »pf  diphtlieriu  and  typhoid  fever,  the  auth«rr  ft'tiiMi 
evervthing  sterile  after  two  and  a  lialf  hours*  eX|>osnre  te»  an  atm*- 
containing  tlie  efpiivalcnt  of  HO   (X'.   formalin    in    l,t)00  cuImi 
losing  it  to  the  extent  of  about  a  pint  to  the  1,00(»  cubic  fci't,  thr  sinie 
ri'sult  was  attainnl  in  less  than  a  half  hour. 

Di&advantages. — Thf  priiu'ijKd  disadvantage  ol>i*erveil  in  disinft'Hi»'0 
by  ftirmaldehytk,  aside  frtnn  its  eost,  whieli  is  etmsidemlde,  is  tlw 
whieli   i>   sometimes  very    jM*rsistent,  t^s].K'cially  when   much  lU' 
is  jiresent^  and  which,  exct^pt  under  very  unusual  conditions  i^  }»lfli"l^ 
jH'reeptilde  (jutsiile  the  nwun  in  which  the  gas  is  disengaged.     T^' 
Jiowever,  this  is  a  tninsient  trouble,  and   is  met  by  thomugh  atf 
If  deenietl  advisable  on  the  score  of  saving  time,  and  when  the  ga-* 


*  Bulletin  No,  6^  of  the  Hygienic  Tjiboratory,  WiiHhiniftcin,  Septeraber,  W 

'  Z*  itw'hrifl  fiir  lIvirN'm?  nml  Infettion»kranklieit«n,  XXJX.,  18J>8l,  p.  ^' 

*  Medical  News,  18U8,  p.  G41. 
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liecii  absoriM?fl  by  the  e<mdeusi«il  iiioistiire  un  tho  walls  aiul  fhniiture,  it 
may  l>e  neutralized  by  means  of'tiniimjnia  \vutoi\  whifh  nmy  be  Exposed 
in  tbe  room  in  sliallow  dishes  or  viipr^rized  truni  a  H^isk  or  othrr  ap|ni- 
ratus  and  eondneted  into  thr  rtK*ni  by  means  of  an  outlet  tube  through 
the  keyhole  o(  the  door.  Fbigge  reefmniieuds  tbe  latter  method,  and 
advi.si's  the  use  ot*  aln>ut  120  it.  of  tbe  25  jKer  eeut.  sohitton  to  eaeh 
100  cc.  of  formaliu,  and  320  ee.  to  each  100  pastilles  of  iKUiiform  usetl. 
Articles  of  ehitbing,  stutiid  finiiitnre,  and  the  like  must  otherwise  i» 
fjuire  sometimes  several  days  of  airing. 

Teclmic  of  Eocjia  Disinfection. — See  under  Practical  Disinfection, 
pigc  5*j1. 

Otlier  AppMcatioEs  of  Pormaldahyde. — Besides  its  use  in  the  gaseous 
state  for  Ijonse  disinfection,  tbrmaldeby<le  in  the  form  of  its  a((ueons 
Hibitiou  is  Weil  adafited  to  the  sterilization  of  urine,  tieees,  spn turn ,  and 
other  wa-^te  pnKlucts,  furniture,  wotxl-work,  toilet  articles,  and  other 
objects,  and  it  ir^  jdso  valuable  as  a  deod<mint.  In  the  disinfection  of 
13 rine»  the  addition  of  one- twentieth  of  its  volume  of  formalin  will  be 
found  to  prmhiee  sterility  within  an  hour.  Tuberenhnis  sputum  and 
diphtberitic  membranes,  cffvened  by  a  sutlicicnt  volume  of  a  mixture  of 
about  two  and  a  half  tablespmnfuls  of  formalin  in  a  (piart  of  water, 
are  sterilized  within  2  hours.  Li<|uid  stools  plus  and  equal  volume  of 
the  same  mixture  are  disinfected  completely  within  the  same  periixL 
Walter'  states  that,  with  2.5  per  cent,  formalin  (1  per  cent,  formalde- 
hyde), fiBces  are  deodorized  in  1  minut^:^  and  that,  treateil  with  10  per 
cent,  solution,  they  are  sterilized  in  10  minutes*  He  .state.s  also  that  a 
3  per  cent,  solution  applied  to  the  hands  destrtws  all  adherent  organ- 
ism.s  very  quickly,  esjiecially  if  mixeil  with  alcohol,  but  this  t*an  haitlly 
be  true. 

A  mixture  of  1  part  of  formalin  and  20  of  water  is  very 
efficient  as  a  wash  for  furniture,  wrxxl-work,  and  other  objects,  for 
spraying  car^iets  and  woollen  clothing,  etc.,  and  for  st^aking  beil-linen 
and  other  washable  fabrics.  A  tablespoonful  to  a  quart  of  water  will 
remove  all  odor  from  the  hands  after  autopsies,  and  will  deodori see  other 
parts  of  tbe  bwly  kj  which  it  may  l>e  applied. 


Prevention  of  Dissemination  of  Infectiotis  Material;  Practical 

Disinfection. 

Even  with  the  bust  disinfectants  available,  and  with  the  exercise  of 
the  greatest  care  in  their  applicati<ui,  practical  disinfection  is  by  no 
means  always  ellcctive  in  pr<'ven(ing  the  transmission  of  infective  ma- 
terial to  new  fertile  gronml  H*'n*'e  it  is  atlvisahle  and  necessary  to 
keep  the  infeettMl  area  as  small  as  |»ossiljle  and  to  prevent  the  aeeumn- 
lation  of  infcvtive  material  by  destroying  it  eonlinuonsty  and  as  qniekly 
as  possible  after  it  is  thrown  ott'  by  the  Iwxly.  With  the  exercise  of 
<lue  ejire,  the  waste  pnMhnts  whieh  act  as  vehicles  for  the  infcrtivc 
agents  of  our  eommou  and  iw^easirnial  seourges  may  be  so  ellertively 
dealt  w^ith  from  h<Ktr  to  hour  and  fr*im  ilay  to  day  as  to  make  tbe  after- 
'  ZeitiicUrift  fiir  llvgiene  nnd  liilWiiuni^knujkbt'Ueii,  XXL,  W.Hj,  ]t.  421. 
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treatment  of  the  room  and  its  contents  somewhat  of  a  mere  form,  gu» 
ried  out  as  a  matter  of  routine  practice,  or  in  order  to  make 
doubly  suj«. 

According  to  the  nature  of  the  dis^^se,  these  agents  reside  in  dis- 
charges from  the  mouth,  nose,  and  throat  (diphtheria  and  pertusEis), 
in  sputum  (pulmonary  tuberculosis,  influenza,  and  pneumonia),  in  dis- 
charges from  the  bowels  (typhoid  fever,  cholera,  dysentery,  and  tuber- 
culosis), in  the  urine  (typhoid  fever),  and  in  matters  thrown  off  by  die 
skin  (acute  exanthemata).  Therefore,  the  course  to  be  pursued  during 
the  continuance  of  a  sickness  or  convalescence  varies  according  to  tte  ; 
nature  of  the  disease. 

The  limitation  of  the  infected  area  and  of  the  amount  of  mateiU 
which  may  require  disinfection  on  the  termination  of  the  disease  sboold 
be  a  matter  for  immediate  action  on  the  discovery  of  the  existence  of 
the  disease.  The  patient,  especially  in  the  case  of  the  acute  exanthe- 
mata, should  be  placed  in  a  room  which,  if  possible,  may  be  isolatol 
from  the  rest  of  the  house,  and  from  which  all  unnecessary  fiirDitar^ 
especially  of  the  upholstered  kind,  hangings,  carpets,  and  nigs  haw 
been  removed.  Disinfectants  for  the  prompt  treatment  of  infective 
matter  should  be  kept  near  at  hand,  together  with  a  sufficient  number 
of  a{)propriate  vessels  and  utensils. 

In  order  to  prevent  or  restrict  the  carriage  of  living  organisms  bom 
the  room,  ingress  should  be  denied  to  all  whose  presence  is  unneoes- 
sary ;  the  wearing  of  other  than  cotton  and  linen  dresses,  that  is 
smooth-surfaced  and  washable,  by  the  attendants  should  be  interdicted; 
no  food  remainder  should  be  taken  away  to  be  consumed  by  others;  do 
used  bed-linen  or  body-linen  removed  until  after  immersion  in  di:?in- 
fk^tant  solutions,  and  no  discharges  finally  disj)Osed  of  until  after 
approjiriate  treatment.  If  it  be  necessary  to  use  the  broom,  thediu?t 
should  be  kept  down  by  the  use  of  wet  sawdust  or  tea  leaves,  which, 
with  the  p\there<l  dirt  and  dust,  should  be  treated  with  disinfectant 
and  burned. 

Under  no  cirenm stances  should  the  process  known  as  "dusting,** 
which  is  mert»ly  the  s«itterin^  of  dust  through  the  air  from  surface!^ 
where  it  was  at  n^t  and  upon  which  and  elsewhere  it  will  agaiu  be 
deposited,  he  allowcil,  but  such  surfaces  should  be  wi|)ed  with  cloths 
nioistencnl  with  or  wrung  out  in  disinfectant  solution  and  aftenvard 
soaked  and  boiled.  Accordingly  to  si^jison,  the  windows  should  be  pro- 
vided with  wire  screens  to  keep  (»ut  flies,  which  not  only  are  an  annoy- 
ance, but,  thn)ugh  their  habit  of  visiting  all  manner  of  excreta  and 
other  filth,  act  as  carriers  of  infection. 

Disinfection  of  Faeces.  —  The  discharges  from  the  bowels  in 
tyj)lioid  fever,  dysentery,  cholera,  and  intestinal  tuberculosis,  should 
be  received  in  vessels  containing  an  amount  of  disinfecUuit  solu- 
tion (Mjiial  to,  or,  better,  larger  than,  the  probable  volume  of  the 
(liseliar<res.  Whatever  the  agent  used,  it  should  be  brought  into  imme- 
diate contact  with  the  entire  mass  of  the  discharge  by  thorough  mixing, 
and  the  whole  should  stand  under  cover  for  about  an  hour  before  final 
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dispoBition,  Milk  rtf  \um%  iil though  c^ffieienti  leaves  a  bulky  rej^idiie 
which  cmiin>t  ht*  t'oiivenieiitly  disjK)*^»d  of  thnrtigh  the  uwual  channels. 
Chlt>rinat*il  lime  i.s  iiIs^j  etticientj  but  is  dwagi:e«fible  in  *xlon  Cor* 
rosive  sublimate  is  unsuitable  for  reasons  elsewhere  statetl.  Phenol, 
in  5  per  ecnt.  sohition,  with  or  without  the  iidditinn  oi"  mineml  aeids  i*v 
eoninu>n  sidt,  and  the  various  eresol  disinftH'tants,  may  Ix^  eniployetJ, 
but  their  odor  is  not  always  L4.>lercdde  to  the  ptitient.  Dilute  fornuilin 
presents  no  f>bjet!tions,  and  is  very  elfie^ient  and  mpid  in  action. 

Urine.^In  typhoid  fever  an<l  tubercnlosis  of  the  urinury  tracts  the 
nrine  shc^ild  be  steriFized  by  the  suldition  of  an  equal  vt^luine  oi'  a  5 
per  t*ent.  solution  of  chlorinatal  linns  carlx>lie  acid,  or  one  of  the  eresol 
oompt>un<k,  but  better  by  the  addition  of  alxjut  a  twentieth  of  its 
volume  of  formalin* 

Sputum.^— In  pneumonia  and  pulmonary  tuberculosis,  the  sputum 
should  be  rt^ceived  in  .^pit-cups  pailly  filleil  with  disinfectant  8^>!ution, 
und  kept  covereil  wljen  not  in  actual  use.  It  may  be  treated  with  5 
j>er  cent,  carbolic  acid,  or  ulx>ut  5  per  cent,  of  any  of  the  ei-e&ol  com- 
pounds^ or  with  4  per  cent,  of  formalin.  Milk  of  lime  and  chlorinated 
iime  are  also  efficient.  C'ormsivc  sublimate  is  very  uncertain.  By 
reason  of  its  consistejiey  and  iidhesive  propt^rties,  sputum  is  one  of  the 
most  ditficult  materials  to  sterilize.  It  is  espetually  dangerous,  as  ifc 
may  contain  large  nuniljers  of  entiuigled  Imcteria,  which^  on  drying, 
may  l>e  disseminated  by  air  currents. 

Discharges  from  Mouth,  etc. — In  di|>htheria  and  j>ertu8si8,  all 
discharges  from  ihe  mouth  and  throat  shrndd  l>e  received  on  piet»os 
of  rag,  which  should  In*  burne*l.  The  diphtheria  orgsnusm  retains 
its  vitality  a  long  time  in  the  dr>'  state,  and  so  may  exist  in  tlie 
air  of  the  n>om»  if  jiartit^les  of  tJdse  nu^^mliratie  whieli  hii[>pen  to  l>e 
thritwn  ciut  in  coughing  or  siu/e/irig  are  allt)We<l  to  <lry  on  walls,  fur- 
niture, and  elsewhere. 

Eating  Uteniils,  etc. — All  e?i(ing  utensils  nsixl  by  patients  with 
pntnmiouia,  diphtheria,  [wrtussis,  the  exanthemata,  nod  tubereulusi.** 
should  be  well  scalded.  All  napkins  shouUl  \iv  treated  in  ihe  same 
manner  as  infer tt^ I  bi^Hl-lincn.  All  remains  of  mads  should  be  de- 
stroy Ci  I . 

Beddinen  and  Clothing.— In  any  i-ase  of  sickness  in  which  isola- 
tinn  is  advisable  i^r  in  which  tfie  niorbifit*  agent  is  knr^uii  to  exist  in 
the  bowel  diH^hurg*>,  :ill  uswl  iKHly-linen,  l^'d-linen,  triwcls,  napkins, 
washH'loths,  handkerchiefs,  etc.,  even  li'  not  oliviously  soiltil,  should 
be  immers(»d  for  an  hour  in  disinfectant  si>hitions,  and  then  conveyed 
under  cover  to  the  laundry  e^r  nther  suital»le  place,  and  boiled  for  an 
hour.  Should  the  urgtmisni  survive  the  first  trratmeut,  which  t^vent 
with  proper  cart*  is  unlikely,  it  will  |H^nsh  in  the  se<?nnd.  Should  tliere 
l>e  no  fjeeal  t*r  i>ther  stains,  the  boiling  may  be  carried  out  without  the 
preliminary  soaking;  lait  in  no  ease  sla»uld  the  articles  in  a  dry  state 
l>e  remov<^l  from  the  room  except  utider  cover  or  wni]>[»e4l  in  a  sheet 
wetted  with  an  cfHeient  disiidWtant, 

In  scarlet  fever^  for  cxam[ile,  the  niorbitie  ngent,  whatever  it  may 
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1h',  is  -exciewliu^Iy  tfiiiiciuiis  of  life,  and  res^iclas  in  the  fine  partide^i 
epiilemiis  whidi  nve  ciintiinmlly  mst  otf  by  the  8kin,  and  it  k 
c:i*iirdvii!)It'  that  tin  aniitld  «»f  liocai   fn»m  a  ease  of  tliis  <1i 
shiiL  ill  it^  jouriR'y  tu  tln'  laiuulrv,  a  iniiuber  i>f  dust  parti 
i>f  iniifh  niisriiiof.      Neither  lime  imr  chlMrinatecl   lime  may  in^u^f 
rl(»dyug,iiD  jK^ajuutof  probable  injury.    Corrosive  siibrmutte  1  :1|^ 
phenols  and  cresols  in  5  per  cent*  R^lution^  and   formalin  in  4  or  5  ] 
cent,  .suhition,  may  bp  iidvistnl.      Colort*<l  gtMKls  are  scmietime-^  affe< 
by  snme  «>f  the  eresij   eompuunds^  but  to  no  greater  extent  than  I 
be  caused  by  ordinary  laundry  soap. 

Hands. — In  the  nursing  of  wises  of   iufeetious  disea.se,  the  ^»J 
and  infWti«>n  of  the  humls  are  tH't|uently  unavoidablti.      After  e%% 
UH'  uf  the  lM'd-|win,  every  wi|>iug  away  of   dis4'har^"s,  even   liamiJi 
*)f  the  patient's  hni\\  and,   in   short,  after  every    act    Ijy   which 
hands  nuiy  hernme  inteeted^  they  shrink!  W  waslied   iinnictliatcly  ; 
thui'ou^hly,  altlMHigh  not  ni^*t»ssarily  with  that  thon»uj^hni*s<s  which  i*i 
^L*sst1ltia]    in    surgieal   ]>raetii'e.      ( )r(linan^    smi|>-and- water   tmifiiH^Dt 
slnMild    \k'  supph*niente<l  by    the  a|jpiieati<m  of  H»me    nmn*    [« 
di>inl"eetiint,     Carbolic  aeid  and  tlie  cresiils  may  servi%  but  th<^ 
a  clisagreeahle  smell,  and  have  sometimei!^  an   mipb^asjiiit  eflect  m 
skin*      Formaldehyde   in   3   ]>er  cf^iit,  solution    i.n   eftieient^  but 
:ji]jpljtHl    IViMjuently,  (tuises  a  hanlening  of  the  ejiidermis  which  is 
from  agreeable.      Corrosive  sublimate   1:   10()0  is  not  so  efficient,  i 
its  use  is  often  follo\ve<l  by  dermatitis.     Sehenk  and  Zaufkl  ^  recon 
the  use  of   sand  soap   follows]  by  immersion  in  oorroetve  i 
1  :   lOOOj  as  hot  as  the  hands  can  l>ear. 

Air.— ^A II    attempts  to  disinitM-t   tlu*  air  of  the  siek-mom  in 
presenee  ot'  the  pcitient  are  futile,  tor  the  presence  of  suffieieitt  ef  i 
eiieniiesd  disiufeetant   to  have  any  etJect  on  the  bacteria  pre^nit  *<' 
cause  the  air  to   l>e   irrespimble*     It  is  a  common  practice  to[' 
alxMit  the  room  dishes  eontaininiL:  t'jirlxJic  aei<b  p^rmaiij^inatc  ?olfl 
ehl»»riuat<^l  lime,  iiKline,  and  otlier  agents,  aurl  to  susj>end  slit^^wr 
out  in   all   kinds  of  active  and  inert  st»lutions,  in   the  vain   hop  ih 
thereby  the  air  is  made  better  ior  the  patient  and  inc^sipable  of  1 
f erring  intWtion  to  others,      "Whether  the  agent  ustnl   is  a  tnie  < 
fcetant  in  any  str^^ngth  whatever,  an<l  whether  the  sht^*t  is  continmii 
or  iH\\y  intermittently  wet,  f!o  not  ap]H*iir  to  enter  in  any  way  into! 
question   of  eHieiency.     Ordinarily,  anything  sold   in   the  sho|is  atl 
high  priw  and   under  a  laliel  alleging  not  infrcMjUcntly  the  inip<i!??ilil 
will  l>e  ao^epterl  withtnit  (luestirm.      But  it  may  Siifely  l»e  assertrJ 
no  disinfectant  known  can  be  of  the  slightest  service  when  used  i«  I 
way,  aitd  W  thi>  \>  true  of  tlie  disiidk-tant,  it  must  Im*  of  thr  Ami. 

Mu^'h  cim  be  done  to  remove  the  well-known  disagrecjibic  sick-irwi 
8me!l,  due  to  the  cxcn^ta  and  to  matters  eliniinat^Ml  by  thelunfrsa*^ 
skin,  [>uf  all  hojM'  of  pn^ hieing  sterility  of  the  air  should  i>e  nltti^ 
drjiMHh  If  [»athogr-nir  nt^niisms  are  present  in  the  air,  a  rniiclj  «i^w 
^ind  moi*e  reasrtualFle  method  of  dealing  with  them  is  tliat  of  rliemd? 
^  Miincbenca'  Jiieiik-InitH-he  WoclieTiJH'brift,  Apiil  10,  1900, 
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aemtioiij  and  this  is  mm  ot"  tiu*  nmst  important  jisirts  of  treat meot  in 
gcnemL  The  gL*rmici<lal  proi»intieH  of  sunlight  should  ali^*  not  he 
overliMvki'd  when  it  i.s  |nissil>le  to  make  n.se  c^f  this  iiuportani  aid.  If 
g(MK;I  vcntilaliiiu  is  not  *suffiei€nt  to  koep  th<^  air  svvwt,  the  old- fash iuued 
pistilles,  eoutaiuiiig  heiizoin,  may  he  eaiployxHl  as  (KH:!asion  (k'mands, 
iiv  one  or  two  j)anifonn  pastilles  may  he  vulutilize<l  slowly  in  a  small 
larnii  lor  tlie  pur|M>se,  In  ven'  small  amount.s  in  the  air,  the  gtis  is  in 
On  way  disagi'«H.^al)le  or  irritating,  and  a(*ts  very  jxnverfnlly  as  a  de* 
<Klipraiit»  not  l>y  su}v[>lar!tiiig  the  smell,  l)ut  l)y  destroying  it  hy  ehemieal 
union. 

Room  DisiBfection. — Xot  nntil  the  termination  of  the  *lisease  or  the 
r*/moval  of  the  jiatifnt  shonld  the  disinft*ili<>n  of  the  siek-room  imd  its 
<*nntfnts  hv  attt'mptea.  This  is  imt  such  an  easy  matter  as  is  eom- 
nnady  helieved,  and  mueh  sui>|>osed  disiufeetion  is,  Ivy  reason  of  a 
laek  of  thoroughness,  no  better  tiuui  none  at  all,  or,  indeed,  worse,  be- 
iinise  of  untieservefl  c^mfideni-e  ami  iinfoundiKl  sense  of  siifety.  Even 
witli  the  ntmosi  eare,  one  r:iu  hnrdly  e-\|M  rt  ahsolutt*  ]>erfee'tion  of  re- 
sults, althongl:  in  ideal  disinfeetiou  every  mi<'ro-(>rganism  present  sljonld 
he  destroyed,  Fliigps'  w*<o  has  devotetl  much  time  and  study  to  the 
fjuestion  of  house  disinfixitinn,  avers  that  with  any  pn>eetvs  by  whieh 
JK>  j)er  e*mt.  of  the  jKitla ►genie  barteri:!  [n^eseutare  dcstmytxlj  one  shoultl 
hr  eontent,  and  that  uo  proress  praetit^ahlc  will  kill  all  tA*  iiivm, 

Tlie  proeesses  employed  up  to  within  very  reex*nt  years  are  notori- 
ously inadei plate,  ami  the  far  su]>erior  pnieesses  in  use  ttMlay  may  yet 
he  made  more  jH^rlin't.  House  disinfeetiou  is  often  most  insuffieient, 
even  whuu  what  has  luru  ihm('  lins  hr<ni  c*jirried  out  with  every  eare 
and  nuder  most  tavorahle  eonditious,  si  nee  it  is  the  nsnal  |)n»etiee  to 
ilisinfeet  only  the  jiartienlar  nx*m  which  the  jMitient  has  oecupieil  dur- 
ing his  sickness,  witlmut  reganl  to  the  fa<*t  that  sdl  the  eonneetiug 
ro<mis,  hallways,  aud  distant  parts  of  the  ht»nse  uuiy  have  l>ee<noe 
iuft^etcHl. 

The  o{Kai  doorway  opjKJses  no  unseen  obstaeh'  to  the  passiige  of 
minute  dried  particles  of  false  mendvmne  or  epidermal  seales  floating 
in  th(^  air,  nor  are  these  attracte<l  t<»  and  n'taimxl  by  the  interposetl 
sheet  likr  [mJlieles  t^f  iron  by  a  nragnet.  Even  when  the  door  is  closed, 
then:  are  air  riirn*nts,  now  one  way,  now  the  other,  untler  it  and  above 
the  thi'cshold.  Infeetive  material  tnay  be  earrit»ti  in  one  way  and 
another  by  memlK^rs  of  the  family,  visitors,  attendants,  and  even  by 
the  |>;itient  liimsrlf,  to  various  pints  4)f  the  house,  and  the  nmm  in 
wliirh  he  hjis  liiin  ill  may,  l*y  reason  of  pro|>er  attention,  he  the  least  in- 
feetetl  r>ne  in  the  house,  but  yet  in  ordinary  |>raetiee  it  is  the  only  one 
treiit+xh  Pnjbably  oftener  than  not,  much  more  than  one  room,  and  in 
not  a  small  projw»rtiuu  oi*  esist>,  the  wh<ik*  house,  should  receive  atten- 
tion* 

The  existing  metinHls  of  nwaii  disinfixlion  cmnprise  mwhanical 
treatment,  direct  application  of  ilisinft^ctant  solutions  as  spray  or 
washes,  liberation  of  ^isei>us  agents,  an<l  crmibiuations  of  all  three, 
'  Zeitschrift  fur  Hvgktie  uiid  lnlW'UiHiskrutiktii:;]tt;n^  XXIX,,  1898,  p.  276. 
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Tlir  hn^nd  pr<Krss,  (ltn^is4^d  l>v  Esinsin^bJ  nuisists  in  rubbing  lb 
witli   pitH'f's   of    brwid,   tu  whii-h   ljat*h^ria  utlfiere   with  ^rrcat 
This  is   not  a]iplicLible  to  rough  walls,  and  when   tbonHighh'  and  [ 
erly  done,  involves  such  an  amount  of  labor  and  material  a?  t^i  be  ( 
C'etKlin*;ly  cx|)t*nsive.     The    breiid    |>ieoe.s,    together  with    jJl   en 
whieh   bit^ak  oti'  and   fall   to    the  rt*H>r,  atv  aiiTvi'iiUv  removeil  htm! 
stroyeil  Uy  lire.      For  the  rest  ot' the  room  and  itf^  eonteiilji^  other] 
ei^ses  are  nti^essary,    ineluding  ?iernbbing  with    t^oft  gmap  atKl 
wijn'ng  with  disinfectants^   and    tnins]M)rtatit)Ti   of    certain  article?  ( 
ebithing,  tonnture,  bedding,  ete»,  U*   tlie   public  disinfex-ting  ^tuHtfU 
be  treated  I  by  steam. 

Tlie  method  ot"  treating  walls,  tbmrs,  furnitnrt%  and  clothing  I 
spraying  with  solutions  of  niei^eurie  ehloride  and  other  agent* 
mends  itself  in  some  quarters  an<t  tint  in  rttluTs,  Aeeortling  to  T 
oOjtlUO  houses  in  Paris  were  disiufeetnl  by  means  of  .sublimate  f 
1  :  lOOU,  in  ]^\K^y  and  a  still  larger  minilKT  lu  1804  with  sjitisfi 
re^nltvS  and  with  no  l>ad  etfei-ts  from  the  jmusou.  It  api^etirs,  howi* 
aetMmling  to  later  evidenee/  that  a  number  vi'  the  employ^  of  tW* 
infeeting  srjuad  liave  shown  syinjitoms  of  ineix'urial  poisouiu|r. 
Jiideal  mentiruis  t^ses  of  salivatitju  in  India  attriluitcd  to  eturria 
suliliniate  wasli  ihr  Hot»rs.  The  sj>raying  }>roeess,  whether  sitisfedo! 
or  J  lot,  and  whether  dangerous  to  bridtb  or  not,  is  not  quick,  and  m[ulll 
other  tivatment  whieh  eonsumes  time  antl  adds  to  the  exj]»ensc. 

The  iileat  disintii'tant  would  be  a  gas  with  nf»  tlestrnetive  or  ban 
fnl   action    on   anything    but    miert»-orgauisnis,    aifi^ible    of  pen 
ing  materials  by  which  they  are   hidden,  and  acting  with  great  uak 
ness.     Such  an   agent,  it  is  safe  to  say,  will   never  W  discovpnii,  fi| 
even  though  the  other  rei]niremeuts  may  be  met,  it  is  inipn>bal«le 
the  physii-id    law  governing  dilf'usit»u  will  ever  be  nnxlititxl  by  aav 
as  yet  undiseovereib      Gax'^eous  thsiutiH-tion  nnist  ever  be  sujK'rficial  i 
nearly  so,  and  should  lie  assisted  by  (»ther  methods  to  bring  al>oirtt 
best  results,     Gaseiius  disinfectants  whieh  exert  any  injurious  influ 
on   tlie  objects  treated   wmuot   be  tohTatetb  and  it   hapjiens  tlwt  toM 
class,   which    inchules  chlorine  and   "^uljihur  dioxide,  ha«  l)een  foi 
wanting   in  efficiency. 

Forma ideliydc  gas  approaches  more   nearly  the  requirements  of  1 
ideal  disiniectaut  than  any  thus  fnv  tried,  and  is  rapidly  supi 
iitbers.     In  its  a[)|»lication,  no  matter  bow  it  is  gencnite*!,  ^>  '»_ 

formalin  or  pandVunn,  it  is  essential  that  everv^  obstacle  pos^il>le  "Wl 
Ih'  intert>os<^c|  apuiist  its  e^eajK'  from  the  s|>ace  under  tr«itme«i.  tiu 
that  all  ol>jeets  within  that  s|iaee  shall  lie  so  dispisiMl  as  to  prpst-nt  i 
umcb  of  their  siu'l'ace  as  possible  to  its  acticm  ;  and  even  then.  al*^Jfl 
pcrfiH'tion  of  results  cannot  be  attaiuinj.  Flugge'*  relates  that  twicpl 
jire]>ari'<l  a  small  rc^mi,  containing  but  little  furniture,  by  phicinjr}>«ti* 
genie  organisms  on  markt^l  kications,  and  bad  the  locsd  drsiiifo't''^ 
f*t|uad  perft>rm  their  cdbee  under  cjircful   snj>ervision,  and  in  Ih>i1i  «> 


•  ZeilHc^hrift  fCir  Hv^nL-ru'.  II.  1887,  \h  4^U, 

*  Joumul  of  Stale  ^ledidDe,  IV.,  18W,  jk  !46. 
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sstanc'fs  found  that  a  fair  i^iTrt^otiigt-  r>l'  thi-  bactcTia  €J*oii}K»il  di'struc-tion. 
He  siijj^^osts,  with)r<xKl  n^ason,  that,  m  routine  jinK'tire,  tlie  re.siiltrt  oiust 
onliiiarily  bt^  far  kvss  favurabli". 

For  the  attaiainent  of  the  best  results,  tbt;  various  articles  of  furni- 
ture should  be  nuivetl  away  from  the  walls,  all  arti<'les  of  elotliing, 
bhinkets,  and  other  textiles  should  \m^  sos|XMid*Hl  freely  ou  hues  or 
elothes-horses,  the  jUR^kets  ivf  ehithing  turned  iusidi*  out,  aiul  all  cracks 
and  other  outlets  oirefully  stcipjied  with  \v**t  e(*ttou,  putt}',  adhesive 
piijier,  or  other  suitable  materiah 

Partirnlar  atttiitiiai  .^hoidtl  be  paid  ti>  the  eoiuplete  closure  of  all 
inlet  and  tiutlet  registers;  those  in  the  walls  shoukl  1m_^  jvasteil  over 
with  Ntoiit  |>ii]KT,  ant!  ihost^  iu  the  tluor  should  l)e  su  treatetl  tir  covei-ed 
witli  tliick  elotli  wrung  out  in  sublimate  solution  or  diluted  tbnualin, 
Lrt>oseh'  tittin|f  window -wishes  may  be  umde  ti^rhl  by  means  of  wocHlen 
wiHlges,  and  the  craeks  around  them  properly  stnlftHL  If  there  is  a 
jitove  in  the  rcHun,  its  door>  aiul  o|»euiug8  i'or  diiift^  shfudd  be  s<H:*urely 
WL'alBl.  OjM'n  fireplaces  and  Franklin  stoves  requii'e  complete  closure 
of  their  tlue-ontlets.  The  4lor»rs  of  all  closets  and  cujiboardi?  and  the 
drawei's  ai'  all  burciuis  and  cabinets  sliould  be  left  open.  All  soiled 
places  on  the  walls,  flfM>r,  and  furniture,  pos,sibly  due  to  inft*ctive 
njaterial,  should  l)c  wettetl  with  foriiudin  or  miblimatc  sf»hition. 

When  the  r<»om  has  Ikm^^u  jtro|K'rly  pre] la red,  the  ^enerati*m  f>f  the 
gai*  may  be  iK'^un.  I  J'  jmndbrm  lam}>s  or  the  Breslau  appanttnses  are 
employ (hI,  the  ojM'rator  leaves  the  room  and  stops  the  cnick  under  the 
<liHir  with  wet  cotton  and  closes  the  keyhole  with  a  gumninl  label  or 
widi  putty.  If  an  autoclave  or  other  similar  a]>|>anitus  in  employed, 
the  st*)p}ani£:  'd'  the  keyhoh*  of  the  tlo^U'  is  uecessarity  deferrtMl  until 
tlie  i^enenition  of  the  ^d^  is  comjdeted.  The  room  is  thc^u  left,  unopened 
over  niglif  nr,  if  the  process  is  b(%riMi  in  the  morning,  through  the  day. 
On  the  exjjiration  of  the  reipuritl  time,  ammonia  in  the  necessaiy 
amfumt  is  va|w>nztKl  thniuifh  the  keyhole,  or  the  room  is  enterc^d  at 
ont'c,  the  windows  tlu'owu  open,  and  free  aeration  cstablisheil.  In  the 
latte^r  case,  th*"  «t])erator*s  eyes  siiould  be  proteeud  by  elo.sely  littiug 
p^>r;^de<,  aud  he  sle^uld  hnld  his  breath,  if  jmssible,  until  tiis  object  h 
accomplished.  If  ammcuua  is  emphm^I  to  neutralize  the  gas,  the 
rooiu  will  be*  sooner  iuhaljitaldc  than  otherwine,  esix'cially  if  steam  has 
bti'U  genenitnl  simultant^Jiisly  wttli  the  gas,  n^  advocated  hy  Fliiggej 
for  aenrtinu  may  reijuirc  nuiny  hnurs,  and,  in  some  cases,  days,  to  rid 
tile  room  of  the  mlor.  This  is  a  matter  of  extrenu*  imp*n1ance  with 
jK^»ple  <if  small  n*eans  living  in  limited  spaces,  who  cannot  affonl  even 
the  tem|K>rary  inconvenience  and  ex|K'nHe  of  finding  outside  accommo- 
dations. 

Mattresses  which  have  Ik^cu  {xillnted  by  soakage  of  urine  and 
excreta,  thick  ctotlu'ng,  aud  other  articles  which  d*j  ni>t  lend  themselves 
to  su]M:Tfieial  gaseous  disinfection,  require  treatment  l>v  nteam  in  the 
special  a|^paratu>ies  descrilu'd  on  a  pre(*ediug  jKige.  Straw,  corn-hnsk, 
and  ''excelsior''  niattres-^es  should  [►e  differcutly  treated.  Their  con- 
tents should  be  renioved  aud  burm-d,  arid  the  ticking  suakc^  in  ditiiii- 
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fectants  and  boiled.  Stuffed  furniture  covered  with  woven  &bric8 
should  be  taken  out  of  doors  and  be  well  beaten  and  left  exposed  to  the 
air  and  direct  sunlight.  If  upholstered  in  leather^  it  should  be  weQ 
wiped  in  all  the  crevices  with  cloths  wrung  out  in  sublimate  solution  or 
diluted  formalin. 

Heavy  clothing  and  other  fabrics  sometimes  are  sent  to  be  treated  bf 
the  benzene  process,  in  the  belief  that,  by  this  means,  not  only  are 
grease  spots  removed,  but  that  sterilization  is  eflfected.  Rupp,^  how- 
ever, has  pointed  out  that,  in  the  ordinarj^  benzene  process,  pus  axn 
and  the  bacilli  of  typhoid  fever,  anthrax,  diphtheria,  and  tul)erculoi 
are  not  destroyed. 

Dismfection  of  Books. — Books  are  extremely  difficult  to  sterili* 
with  certainty,  on  account  of  the  protection  that  is  given  to  bacteria  bf 
the  juxtaposeil  pages.  Unbound  books  may  be  subjected  to  treatroent 
by  steam,  but  this  process  is  not  suited  to  bound  volumes,  because  rf 
its  effect  on  the  glue.  For  bound  books,  the  only  available  disinfectaM 
is  formaldehyde,  but  even  this  agent  is  not  efficient,  unless  the  leaves  iw 
so  disposed  that  the  gas  can  have  access  to  evety  page.  Books  of  vah« 
will  require  very  thorough  and  repeated  treatment ;  but  those  of  ami 
value,  known  to  have  been  probably  or  possibly  infected,  are  beei 
destroyed  by  fire.  If  formaldehyde  treatment  is  deemed  advisable^ 
they  should  be  placed  on  edge,  with  the  leaves  opened  as  much  and  as 
freely  as  possible,  and  subjected  repeatedly  to  the  action  of  the  gas  ifl 
a  tight  closet  or  box. 

Disinfection  of  Water-closets.  —  Water-closet  bowLs  mav  be 
treated  with  dilute  formalin  or  5  per  cent,  solution  of  the  oresol 
preparations.  The  wood-work  around  and  near  them  may  be  washed 
with  the  same  agents.  Sublimate  solution  should  not  be  used  io 
plumbing  fixtures,  on  account  of  its  action  on  lead. 

*  Correspondenzblatt  fur  Schweizerische  Aerzte,  1897,  Na  19. 


CHAPTER    IX. 
MILITARY  flYOIEXK 

Sini;e  the  most  inip>rtaiit  ttictur  in  the  elhcienev  of  an  army  m  its 

ht^alth,  it  fiillows  that  everything  whieh  mny  hiftiience  this  in  any  way 
t\iV  the  I  letter  ur  \v«jrj*e  sh<nil*l  l>e  hH^ketl  after  with  the  utiwist  eiire. 
The  roeii  who  e<nufMis<'  an  army  are  drawn  froia  eivil  life,  in  whieh  t^ieh 
indiviJual  ha?*,  to  a  irrenter  t*r  les.^er  extent,  independent  c^jntrMl  of  his 
time,  ehoice  of  ot*cuTJation,  .selection  of  f^J^Ml  and  dwell  in  ^-jilaee,  and 
;j:enentl  sanititry  etire.  After  enlistnient,  sohliers  lose  most  of  this  inde- 
jxmdenee  ;  tliey  are  honsed,  eltitlitdj  fin  I,  and  exen*ised  under  regulations 
whieh  it  i.s  beyond  their  jxjwer  to  aineud  ;  tliey  an:'  nu>ved  l'n>ni  one 
piint  to  anotlier,  ditiering  iK-rliajJS  veiy  wiilely  in  elinuitie  and  otiier 
e«>nditii*ns,  un<ler  t>rder.s  whteh  they  may  not  presume  to  question  ;  their 
hours  fur  s1lhj|),  luwds,  work^  ami  nx-reittion  are  fixetl  f>ir  them  withtait 
emisultation  with  them,  and  without  regard  to  individual  or  eonimunal 
J)  revere  nee, 

Sinee  the  govern tneut  uoeessarily  deju'ives  the  soldier  of  his  indepen- 
dence of  aetion,  it  ts  bonnd  by  every  principle  of  fairness  to  him  to  look 
after  liis  health  and  eomfort*  to  promote  <'ontentnient,  and  to  wani  off 
ennui  by  all  reasonable  and  pro|RT  niea ns.  Thus,  the  care  of  tr(H>ps  m 
ji  fh:)nble  obligiition  ;  the  men  have  every  right  to  c^xjM-et  it,  and  the 
effieieney  of  tlie  army  is  de|Kndent  npuu  it.  But  no  matter  how  eare- 
ful  the  sanitary  athninistnitiim,  it  is  a  matter  of  i^ommon  kuuwkHlge 
that  in  all  wars,  exi't'jjting  the  Fi^uu-o-Prnssian,  and  in  that  only  with 
regard  t(»  the  (xermuns,  the  mortality  from  disease  lias  been  far  in  ex- 
cess f»r  that  from  eiisualties,  and  in  all  aniiies,  more  disehargt*s  are  due 
to  sii'kness  than  to  injuries. 

The  resjwaisibility  ibr  the  eare  of  troops  and  heiilth  of  eamps  is 
p!a<*e*l  upon  tlie  rnetlieal  offieers,  who  have  no  jKnver  to  ertm- 
nuind  jind  are  ham|K're<l  by  l>eing  subordinate  to  laymen  liaviug 
often  no  a<h'qnate  appreciation  of  matters  jnirely  medical .  Tiiey 
have  unly  advisory  functions,  and  must  be  most  ir^irefnl  in  nn-fun- 
meudiug  changes  to  the  very  conservative  military  mi  ad,  which  finds 
in  h>ng  continuanee  of  a  eiuKlition  the  stnmgest  argument  ft>r  its 
longer  retention,  and  is  pnaie  to  look  upon  recfimmendations  for 
swec*ping  ehange,^  sm  evidence  of  wliimsicid  elisposition  and  deficient 
training  in  siiuitary  scienci'.  Xevertlu'less,  the  medical  otheer  has 
a  very  luuivy  res[Kinsibility  jdaced  niKin  him,  and  must  ailvise  his 
lay  sujieriors  and  explain  the  im|>f>rtam'e  of  the  principles  underlying 
sjinitary  pmctici*.  He  must  make  proper  rwonunendations  for  the 
protect i(m  of  heidth  of  the  tro4jp.s  in  war  ami  in  peaee,  in  camps  and  in 
garrison. 
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Sinct-  \\\i'  <^ffif'it'iif*v  (if  a  military  Ixuly  is  so  lat^ply 
ujKiii  tbt-  hcaltli  (»f  the  units  ut*  whirh  it  is  coDilx^setl,  the  re^l 
<jf  Li  canijmign  may  Ih-  largely  iiiflia-nrtTl  by  th**  adoptioa 
rejection  by  the  ciimniatidiii^  otfieer  nf  the  I'eeaninientktiiiit?  ti 
hiH  medical  adviser.  Uufuituiiately,  if,  by  reanoii  uf  phy^ail 
titneNS  of  the  tHMips,  a  mmi^meiit  fails  or  an  e|ii<leinie  of  <li! 
4Krin>,  the  piiblie  at  ouee  places  the  blame  Upoii  the  luedical  d 
iiient,  and  esjieeiully  upon  the  heatl  thereof^  the  Surgeon -General, 
demands  a  reorganiziUion,  a  sif^iri^  out  of  ine*>m|X'tent  material,  ai 
espeeially,  a  ehang<.'  in  tlie  head,  i|nite  rt^gnriU^^s  of  the  piji5<^ii4»'  fi»<1 
that  the  ehoiee  of  an  niismitary  eaiiipiti»(  place  may  have  iHt'ti  niacfc 
against  the  judgment  ami  a<Jviee  of  the  !ne*lieal  branch,  that  tliiM^nu- 
missary  dejmrtment  may  have  l^eeu  larg<:»ly  to  blatne,  or  that  otbrr 
inrtnenees  quite  beyoml  the  etiutro!  of  the  medical  ctirp^  may  hiive  hea 
lit  fault. 

The  oiHlieal   «»tfieer,  both  at  hnme  and  in  mo?t  ci>uiitries  :  ' 
much  with  which  to  eoDtend,     The  corps  i.«i,  a.s  a  nde,  not  ^    -        .; 
large  for  the  body  for  which  it  is  to  care,  but  is  expected  tn  perfonn 
an  amount  of  work  and  assume  a  resjxnisihility  Avhich  would  fuir!    ' 
the  ciij>acity  oi'  «>ue  of  double  size.      In  an  emergt*ncv  n^juirijiL: 
additional    levies  and   eonset|Ueut    eui]>li»yment    of   civilian    |»hyrjiriaii? 
uutrauicd   in   mtlitary   lite,   the  rcs)ntnsibiUty   bec*jnies  jiroporrionaU-ly 
gn^iter. 

The  recH^^ut  expertene<*s  oi'  this  country  and  of  England,  when  llu' 
<intbreak  of  war  nHX-ssitattnl  the  assemldiug  and  tmn*s|mrtation  iff 
large  armies,  serve  very  well  as  illustnition.s.  With  u.*,  on  the  hnok- 
ing  out  t>f  war  with  Spain,  a  standing  army  of  25,Onii  wa.s  •$ud<leQh 
inrreas<^l  by  enlargement  of  the  regular  ser^nce  ami  enrollment  ofvd- 
unteers  to  ten  times  tliat  size,  but  the  suudl  IkkIv  of  tniiniHl  milititrj 
«iurge<ius,  too  small  iief<>re»  could  hardly  have  lieen  ex|MvttJ  to  InMnnal 
to  the  demands  oi*  the  new  anuy,  even  with  the  assistance  of  iltf 
pbyj^icians  from  civil  life,  who,  altlHiugh  doubtless  highly  ettiei*'iit 
civil  ]>raetiee,  were  fiu'  the  most  ])art  int'XjK'i'ieneed  in  camp  hyirifi 
The  fliOieulties  of  ssmitaiy  administration  %vere  very  largely  incmv 
by  the  reeklessness  and  iguoiance  of  the  volunteers  in  |H*rsonal  hvgici 
and  general  sanitation.  The  res!dt«  were  what  might  l>e  expect«l»ai 
are  too  well  known  \u  net^l  fu rfl it  r  mention.  The  blame  for  all 
disastrous  ex[*erienee  was  jilaeed  at  on<x'  upon  the  me<!i<'al  de]>iu1infi] 
wliicli  had  Init  little  to  say  in  the  ehoi<»e  of  camps,  an<l  nnthiuj;  ^^ 
**ver  to  do  with  the  inadetpiate  means  of  tninsportation  and  other  faet^ 
in  the  production  frf  a  large  mortality  from  flisease.  The  experiei 
i>f  the  English  in  (lie  war  in  Saith  Africra  was  c.^^sentiall)'  the  .sime^ai 
was  due  t(>  tlie  sanu*  causes. 

In  the  large  standing  annies  on  the  Omtinent,  a  diffen.Mit  ordtf 
things  ol>tains,     Tlic  officers  of  tlie  line  are  more  iiudined  ti»  defef 
the  opinions  and  advice  of  the  minlical  statf  in  nmtters  refpnring  t'*! 
f^auitary   knowledge,  and   the  authorities  denumstnite   a   much  hip' 
appreciation   of  tlie  value   oi'  an    adt^juate   medical    s^erviei*.      A^ 
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lUustratkiix  uf  the  difference  in  the  f>itlering  of  such  matkTi?  hi  Ger- 
nuitiv  and  Englund,  the  IVilhiwin^  In  eitoti : 

The  Briti.sli  tirst  infaiitrv  division  and  f\v^t  ttivaliT  brigtide,  witli 
two  batteries  of  tield  iirtillrrv,  a  eom|jany  i>f  engineers,  telegfaph 
4'orps,  railway  eomjwuiy,  aniiimiiillon  corns,  and  hospital  corps,  ordered 
t^>  South  Atritii  in  the  autumn  of  18SMI,  and  the  (iernian  exj_)tMJitiojiury 
<jorp8,  consisting  of  two  brigades  td'  intantry,  three  stjuadrond  of  cav- 
alry, four  batteries  of  light  artillery,  a  Imtallion  of  pioneers,  with  a 
ti'legra|>h  eorjis,  milway  conijiauy,  .siinitary  eomjmiiy,  anunnnitiou 
i'oi']is,  and  hospital  corps,  organi/etl  in  the  sunmier  of  15)00  fiir  serviw 
Ju  Cfiina,  were  about  etpial  in  nnnilM'r  of  nieu.  For  the  eare  of  these 
troops,  the  English  autlioritics  detailed  49  i-egular  medicid  officers  and 
13  civilian  snrgemis,  a  total  of  02  ;  the  Genuans  ilftaileil  91  regnlar 
army  surgeons,  or  nearly  -'jO  \H^y  cent,  nn>re.  The  English  hospital 
iship  had  3  Hni^eons  ;  the  German  had  10,  The  Englisli  sent  4  lield 
hospitals  with  1(>  mirgams  ;  the  (iermaus  sent  au  e^jual  number  with 
24.  The  English  geuenU  hospital  had  18  snrgeims,  t^f  whom  11  were 
<"ivilians  ;  the  German  had  UK  all  of  whom  were  regulars. 

The  sn|»erfor  medical  ei[uipment  of  tlie  Geraiaus  is  not  dictated  by 
extravagance,  but  by  a  greater  appi'eciution  of  the  necessity  of  furnish- 
ing adequate  meiliciil  service. 

In  a  stamling  army  sn<'li  as  is  maintained  in  thin  country,  it  woidd 
be  far  belter  to  err  on  the  side  of  extravagance  than  of  uudne  economy 
in  tlie  size  of  the  rnediral  corps.  There  should  be  systematic  instrne- 
tiou  in  general  hygiene,  which  should  not  be  limit^xl  to  the  medical 
oHieers  alone^  fiir  the  line  officers  also  should  l>e  rcfpiired  to  actjuaint 
tlietnsclves  with  the  principles  of  the  science,  and  tsptHaally  with  the 
sanitation  td"  «uiips.  Then,  when  the  niedietii  rjfficers  jM>int  ont  metln 
ij<ls  of  const  rving  the  hi^tdth  <if  troops,  those  in  actual  ctmimaud  would 
l>e  in  a  better  |«»sition  to  a|iply  their  anthorily  with  a  larger  apprecia- 
tion of  the  advice  giveiL 

Military  hygiene  lias  to  deal  with  the  selection  and  examination  of 
men  offering  tbeni selves  as  nn^ruits,  their  habitations,  eh ithmg,  exercise^ 
focKi,  diseases,  and  medical  cjire ;  with  cam]>  sanitation,  [n<"hiding 
water  supply  and  sewerage,  disposid  of  waste,  an<l  gencml  jM>lice  ;  and, 
in  g«?nenib  with  all  matters  iiaving  any  bearing  tm  the  health  aud^ 
impliedly,  tlic  cfficiemw  of  triMips. 

THE  RECRUIT. 

Not  every  ndult  man  aeenstonicd  to  liarri  work  cun  be  tninsformf*fl 
into  a  gtKxl  jioldier,  for  tlicrc  arc  many  points  wi'  disqiiabticatitm  tor 
mititary  service,  and  on  unsonnd  man  e^in  never  l>c  dejx'ndetl  upon 
wlicn  ins  servicc\s  nre  needled.  Tlic  ideal  rccrnit  is  oue  who,  in  the 
first  phice,  is  W(*ll  built  and  of  sn[>ertor  muscnlar  for<'c,  eajralile  of 
resisting  influences  ten<ling  to  depress  the  nervous  and  |>hvsical  |iowci*s. 
According  to  the  great  Napt»icon,  "*  Tlie  first  (ptality  of  a  soldier  is  the 
power  to  endure  fatigue  ancl  privation  ;  courage  is  only  seeiuid.*'     This 
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primary  ^jUiditiL'ittuni  is  wvy  commonly   thought  to  be  ao  attril* 
Djore  of  the  t-oimtry-breil  than  of  the  city-brt*il  lad. 

Dr.  Wootlhnll;'  Lt-<\>hvnel,  Mini  IVp't  V,  S*  A.,  however^  i^yn 
tlii>  |>4unl  :  *'  111  rai^iing  ivuw  tniops,  when  it  is  jH*,s4^ible  to  selwtpf 
sliarp  and  immediate  active  serviee  take  t4nvn-hreil  men.  If  a  ymi 
two  c^iu  l>u  addtMl  in  which  tn  train  them,  t;ike  c^iantn^-bml 
t)jH^ij-air  military  life  is  phy>iai!  pnimotiim  to  city  men  uccu^tcioied j 
irregular  luturs,  unwhok^Hut'  moal^:,  ainl  poorly  ventilated  nmm. 
euunl ry  lad??  the  irregular  and  Hunrtimes  s^eunty  rnealsj  bn»ken 
net^es^iity  for  prom]>t  and  exact  action,  inid  al>ove  all  the  eertaiotri 
ar*|uiriug  >ueh  disea8es  a.s  meit^les,  wh*iopingH?ough,  and  mtrin{¥,  wbii 
town  Ixiys  always  have  in  ehildluMKlT  are  very  exhausting.  Afi 
year's  training,  country  yuuths  arc  nicire  valuable/' 

Under  the  regulation  of  the   L'nitiHl  vStatc^s  Anny,-  any  nialeciti 
or  per>^on  who  has  legally  declart^d  his  intention  tu  l^eeonie  a  citijsrti,| 
above  tlie  age  of  21   and  under  tlie  age  of  *^5  yrars,  ahU^UidicJ,  T 
from  disease,  t>f  goad  clianictcr  and  tem|)erate  habits,  mav  K*  culii^ 
but  in  regard  li)  age  ta-  eitizenshij*,  the  nde  does   not  apply  to  ny\i 
who  have  already  served  honestly  and  faithfully  a  previous  ealist: 
Boys  betwt^^u  tlie  ages  of  16  and   18   may  l>e  enlistetl  sis  mtisieian^i 
to  learn   music,   with    the  written   consent  (*f  father  f»r  guardian 
approval  of  tlic  Ailjutaut-<TeneraL 

Enlisted  men  of  go<xl  eliaracter  and  faithful  servi<?e,  who,  at  the  t 
piration  of  their  terms,  are  undergoing  treatment  ftir  injuries  mn 
or  disease  eoutnietcxi  in  the  line  of  duty,  may  rt*enlist,  and  if  tlie  < 
ability  pr(*ve  to  Iw  jK-rmauent,  they  will  he  subserpientlv  disci 
An  etdistcd  nian,  not  under  treatmentj  but  with  intinnities  contnic^ti 
in  the  line  of  duty  not  such  as  to  prevent  his  [lertornn'ng  the  duties  < 
a  soltlicr,  may  be  reenlister!  by  auth<»rity  of  the  War  IV'piirtincat, 
ap|ilieati<in  niside  through  flic  >urgeon  and  projK*r  military  chanml, 
sin<'e  it  is  recf>gnizc<l  tliat  what  lie  may  lack  in  some  minor  |^mieuli 
in  soundness  may  be  eounterbalancwl  by  exj.K'n<'or»>  mu]  h:d>it-  nf  dis- 
cipline. 

Those  whose  enlistment  is  jvrohibitKl  include  termor  -njilier-  uiiwoi 
bad  reeoRl,  deserters,  drunkards,  in  sine  pi»rsons,  minors  Itelow  11 
years  of  age  (musicians),  person>  who  have  I  wen  convicted  of  feloi 
or  wluj  have  been  imprisoned  untler  sentence  of  a  court ;  and  for  fin 
enlistments  in  time  of  peace,  non-citizens,  except  tbiise  who  h»f 
legally  deckirRl  their  inteutitms  to  Ix-come  citizens,  thcrse  who  cmm 
speak,  read,  and  write  EugUsh,  and  those  over  35  years  of  age. 

Age. — Hecruiting  oflicers  are  direc'tcMJ   by  the  regidations  to  I*  vrf 
particular  to  ascertain   the   true  age  of  the  RXTuil,  boys  l>elo\v  li?  0^ 
iH^ng  aeee|ittHl   in  time  of  fw^ee,  excepting  a^   musicians  or  to  kiinl| 
music,  and  then  only  with  the   eonsent  of  gnanlians  luul  appn^val  <w I 
the  Adjutaut-iienend.     The  iniuimum  ag(^  fi»r  all  arms  of  the  scr^'i^ 
is  18  years;  the  maximum  IVir  the  cavaliy  is  30,  and  for  other tnn^ 

^  NuU"**  on  Military  IIy^Mt*nt-  fur  ()J!jft*rs  of  iW  Line,  New  York.  18118,  u,  1^ 
»  KeguJalionH  tar  tbu  Anny  of  the  Uuiied  .Slate*,  Wa^^QgtiMi,  IHW^  p.  Ili 
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35;  but  for  reenlistraents  there  is  no  limit  ot*  i\^v.  Men  of  all  agt-s 
l)et\ve€*D  18  and  4")  art'  accept ec!  in  the  volunteer  service.  In  the 
British  service,  the  Mmitj*  of  a^e  are  18  and  25  year^,  except  lV>r  tht* 
nicHiieal  ytaff  corps  and  cn^ineer!^,  for  which  the  maximum  is,  renpec*- 
tively,  28  aiul  30. 

It  is  almost  the  universal  opinirm  that  recniits  ou^ht  myt  to  ho  ac- 
cepttd  below  20,  or,  better,  22.  At  IH  yearsj  the  recruit  is  immature  ; 
the  bone«  are  not  fully  forme<l,  nor  have  they  reachfHl  their  final  hairi- 
ness ;  the  epiphyses  have  not  Iveconie  incor|w>nittHl  with  the  shafts  of 
the  lon^  bones;  the  joints  arc  Ui»t  fully  (level m|>ch1  ;  the  mnseles  an^ 
Rift  and  not  wliolly  developed  ;  the  chest  has  by  no  means  attained  \i^ 
full  capacity  ;  and  the  organs  of  the  body,  in  f2;enenil,  are  immature, 
8o  it  happens  thnt,  at  this  age,  it  is  useless  to  ex]X'ct  them  to  l>e  in 
good  condition  after  long-con tiuue^l  exertion  or  to  undergo  privations 
wliich  are  as  nothing  to  the  man  of  mature  years  and  strength.  At 
this  period  of  life,  he  is  still  in  the  growing  stage  and  nec^ls  all  the- 
energy  nt  his  body  to  bring  the  organism  to  completitm,  and  the  in- 
fluences which  mature  sohli^irs  ci>ntcnd  against  with  vatying  degrct^s  of 
sur*et^ss,  namely,  vicissitudes  of  weather,  long  inarches,  hai\l  work  in 
trenches,  p>ssible  overcrowding  in  barrai-ks  and  camps,  |Mior  ventila- 
tion, and  jioor  and  insuHicient  foml,  send  him  very  ipiickly  to  the 
hospital. 

It  is  l>*yond  reason  to  ex|iect  tlie  same  work  and  endurance  of  a 
youtli  of  18  t<i  20  as  wf  a  fully  mature  man.  During  the  i'ivil  \W\\\ 
most  of  the  boys  who  culist-eil  under  18,  and  many  of  tliose  above  that 
age  and  under  20,  liad  to  be  discharged  within  the  first  few  months. 

It  hjis  lx*en  dcmonstnititl  n'|watedly  that  tlu'  least  eiht*ient  armies 
art*  those  contain iug  the  greatest  (>ro|)ortiim  of  men  below  the  agt*  of 
22.  The  first  Naptjlcou  objected  to  boys,  s;iyiug  on  one  iK'Cxxsion,  **  I 
demand  a  levy  of  300,000  men.  But  I  must  have  grown  men  ;  boys 
serve  only  to  fill  the  hosjiitals  and  encumber  the  roadsides."  A  re- 
markable example  of  the  impirtaiiw  of  maturity  in  soldiers  is  related 
l>y  Tardien.^  In  the  camjmign  of  1805,  in  which  the  army  marehtHl 
400  leagues  to  reach  Austcrlitj^,  hanlly  any  sick  or  stragglers  were  left 
on  the  \\'\i}\  In  this  army  the  youngest  were  22  years  of  age  and  had 
hatl  two  years'  train  iug.  In  the  cam|>aign  of  1809,  on  the  other  liaud, 
the  army,  which  lia*l  but  a  sIjoiI:  distance  to  uiarch  ou  its  way  ti> 
Vienna,  tilled  all  the  hospitals  on  the  wiiy  with  its  sick.  More  thnn 
half  the  soldiers  of  this  army  were  under  20  years  of  age  and  inex- 
]>erienccHi  In  the  celebnitcHl  mai^ch  of  Lord  Roberts  from  Kabul  ta 
Knudahar,  the  young  st>ldiers  gtive  out  from  day  to  day  and  fell  behiud^ 
while  the  nld  carn|migncrs  apjicareil  to  gain  in  vigor  with  ctich  tlav's 
march. 

Not  only  are  young  recruits  less  aV>le  to  undergo  the  usual  work  aiul 
the  bordships  thau  seasoned  men,  bnt  they  are  nnich  more  suseeptil>h> 
to  distiise.     Aitken*  rekt«s  that,  during  the  Crimean  War,  when  the 

'  Dictionnnirc  crHy^t^nis  IIL,  p.  2, 

*  On  the  Cirowlli  of  the  Reeniit  jind  Young  Soldier,  %\  Edition,  London,  1887^  p,  58* 
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Caniniander-iii-(  1ii(*f,  Lonl  Kaglau,  was  iiiibrnied  that  2«0fX*  rwrui^ 
were  reiidy  to  Iw  sent  to  liim,  he  replied  :  **Tho^io  last  sent  Mwt 
yonng  and  nnforme^l  that  they  leli  victlmH  tc>  di.sease  and  wen?  f^f] 
away  like  fli<*s.*'      Ht-  jUvlinTeil  to  wait  rather  thaa   have  sucL  yoi 
hids  sent  to  him  'as  .snldiers.     Other  eomoianders   in   the  Criin«i  t« 
tieit  that  young  recTnits  were  of  very  infen(»r  value. 

The  great^T  suseejitiljilily  of  young  soldiers  to  typhoid  fe\'er 
<1(^rnonstraletl  by  l>r,  Farr,  the  British  Registrsir-General,  and  tn  DrT 
KalfiHir,  wlio  >liowtHl  that,  in  1883,  the  army  in  India  oontaiarti  41 
per  cent  of  soldiers  under  25  years  of  age,  an<l  that  among  tin-  con- 
tingent the  death-rate  from  this  disease  was  4,34  per  thousand^  wluli* 
tliat  of  the  men  of  25  to  29  years  wa^  but  1.50  jier  thousand.  In 
newly-arrivetl  regiments,  nearly  half  ftf  tlie  total  death-ratr  ww- 
tliis  disease.  Aitken  gives  a  number  nf  iijstanc*t»!5  of  the  iafiuti: 
youth  and  short  resiclenee  fin  the  prevalence  of  this  fever,  Ai< 
station,  for  example,  out  of  44  iiise.s,  35  cxx'urred  in  one  r^meiit  t^ 
jxised  pritiei pally  of  young  soldiers,  and  33  amoag  men  of  Je^ 
line  yearV  resiilenee  in  India. 

In  1883,  in  India,  36.55  ^>er  cent,  of  thtjse  invalided  Lome 
under  25  years  of  agt%  and  in  1884,38.70,  the  jirineijial  ilisi^^iscs  mi*?- 
sitating  invaliding  being  aniernia,  dehility,  phthisis,  he|KiUtis,  anJ  (hV 
eases  of  the  heart  and  arteries,  Thrr»nghuut  tlie  Peninsular  War,  ftviiB 
1805  to  1814,  it  was  observed  that  the  **  eoqjs  whieh  arrived  for  pmi 
were  always  ineifeetive  and  sickly  in  projioniikn  as  they  were  made 
of  men  who  had  reeently  joiinxl  tlie  ranks,**  and  it  was  aiK^uliUeii  tbat 
300  men  having  five  years*  ex|n'rienee  Wi-re  worth  nioiv  than  \S^ 
newly-j*rrrv(Hl,  iuchiding  the  usual  proportion  of  young  reenjits 

Surgeon-(feneral  Sternhei'g,  of  the  U.  8,  Army,  in  his  annual  reprt] 
for  188 5 J  shows  that  the  greater  proportion  of  sickness  occurred  mm 
sokliers  under  31  years  of  agc\  and  that  \i\\  tt>  the  age  of  25,  thp 
was  so  much  above  the  average  for  tlie  whole  army,  that  he  qii«:stio 
whether  their  services  liad  Int^n  a  fair  rctnrn  for  the  cost  of  their  ataiii 
tenance.     In  1899,  the  British  Medical  Ass^n^iiition  pa^ssed  a  t^esolatitt 
rpfjiiesting  tl«e  Coutieil  to  coninuinicate  t<*  the  War  Office  the  opinio 
of  the  S'ctiorj  of  MiHlieine,  that  no  soldier  ought  to  serve  in  the  tnipie 
earlier  than  22  years  i>f  age. 

In  favi>r  of  the  ytmng  recruit,  M'oodhull  says  that  young  tnt?n 
more  easily   trained   and   utouldc<l   than  older  men,  esiK'cially  for  tk 
cavalry,  and  when  well  led,  fight  as  well,  as  far  as  mere  c^uiragt*  ^n 
Bnt  as  we  cannot  keep  yunng  sr»!diei*s  sevenil  yc^rs  in  training,  aad  s 
large  bmbes  of  trrHijis  t^in  cmly  be  rais^^d  for  sudtlen    war,  men 
ahsohitely  matuiv  must  l>e  ivject<»d.    Lonl  "Wolselcy  prefers  you ng  n)<^ 
and  says  ;  *  **  Give  nie  young  men  :  they  do  what  they  an*  bid,  antl  t' 
go  where  they  are  told  ;  they  iMX'onie  more  amenable  (<»  dis<'j|>liDt\  ^ifl 
thniigh  when  y<»u   cuteh   them   first  they   may  have  some  ditWcaln^ 
carrying  their  kuapsar*ks,  ouce  they  get  beyond  that  they  are  in  «  S' 
condition  to  take  tlie  field," 

'  (^uuEud  hy  AitktMi.     Loco  citito. 
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If  youn^  men  are  enlist^nl,  tly  work  slumld  Ik*  suikxl  tn  their 
strength,  and  it  slujiiUl  l>e  kofjt  in  hiiimI  that  they  are  still  in  the  gmw- 
in*^  aiid  deveh»[»injL:;  stage,  and  should  have  iio  greater  aiiunint  of 
physicid  exerei.^e  than  is  siiit^tl  to  their  condition.  In  other  w*inls, 
their  work  siiould  be  |jro[>ortiniieil  to  the  ir  gnuvth,  and  in  two  yeari^ 
they  will,  perhaps,  have  deveh*|MHi  into  valuable  soldiers.  Taken 
between  the  agt*s  of  18  and  20,  and  dritk^i  and  trainal  with  due  reganl 
til  his  immaturity  iiuil  limit  t>t'  endnninee,  the  reernit  often  shows  ga*;it 
progress  in  general  tlevidopmejit  withii>  the  tir>t  half-year,  partieiilarty 
if,    before  enlistment,    he    was    |HKjrly    ted^    elothini^  and    htni.<,ed,  and 


}iged 


indoor  oe^;ii|>atioiK     His  \vork  shonkt  Iw  modemte 


engag    ^     ^  ^ 

the  beginning  and  only  gradually  iner(,ti8ed,  sioee  changes  for  the  better 
in  the  human  IkkIv  ejiimot  Ik?  brought  alxiut  suddenly  like  those  for  the 
Worse,  iuilue^'d  by  attempting  Uy  dii  Uny  much  at  the  outset.  8inee  his 
lungs,  lieart,  and  blood-vessels  are  not  yet  fully  develojMjd,  he  can 
neither  go  through  the  manual  mir  cover  gn>und  like  the  seasoned 
siddier.  The  heart  m  called  u|w>o  hy  the  new  and  nnaci"ust4>nied 
exereise  t^>  contract  at  a  grejiter  mte  than  had  h\^n  its  hulnt,  mid  he 
soon  bectomci^  **  winded.^'  When  this  stage  is  reacheil,  and  lie  bt/gins 
to  fee!  iir  show  distress^  he  should  be  allowed  an<l  encouraged  ti>  rest 
until  the  thn»b!>iug  of  the  heart  anil  the  swi-lling  of  the  blootl- vessel 3 
s^ubside  and  jiermit  his  lungs  to  iiesume  easy  breatlnng  ;  otherwise,  he 
is  more  than  likely  to  break  down  sfioncr  or  later.  With  pro|ierly 
regulateil  cxercist*  and  gcwwl  fiKid,  he  ought  snon  to  show  g*a in  and  not 
loss  in  weight*  Sliould  progn^ssive  h>ss  be  observeil,  it  is  a  *j  nest  ion 
whether  he  is  likely  to  iK'conie  an  efficient  soldier,  and  he  should  tbrth- 
ivith  be  reilTfiHl  for  niLMliml  examination.  Uuih'r  the  n'gulations  wf 
tiie  liritish  army,  all  remniits  are  ke(>t  tind<T  nMHlieal  observation 
during  the  fii-st  three  months  of  service,  during  which  time,  in  addition 
to  the  ordinary  drill,  they  have  an  hour  of  gymiuistic  exercise  daily, 
iinder  the  supervision  of  a  medical  man  ;  and  if,  during  tliis  period,  a 
man  shows  nufavoralile  indications,  he  is  examinnl  by  a  medictd  ijoard. 
Should  this  b<Mly  ei include  that  he  will  not  ulttmntrly  develop  into  an 
elticicut  s(»ldier,  lie  is  at  once  discharged  on  that  ground. 

Height.— In  this  country,  the  nnuiinum  height  tor  all  branches  of 
the  service  is  5  teet  4  inches,  *'  although  recruiting  otlici-rs  ai'c  allowed 
to  exercise  their  discretion  rus  to  the  enlistment  nf  ilesirable  recruits 
(such  as  baud  niusiciaus,  sehix>l  t+'uehcrs,  Uiih^rs,  etc.),  who  may  fall 
Hot  more  tlian  otu'-fonrth  of  an  inch  Ik'Iow  the  niirrinuini  standard  of 
height.^-  The  maxinmni  for  the  cjivaliy  alone  is  5  feet  10  inches,  and 
for  all  f>ther  bnmehcSj  aceordiug  to  weight.  Tin*  miniumm  height  is 
snlijiH^t  to  chaug(\  if  necessary  ;  l>ut  it  has  Iweti  dennHislnit*^!  that  o 
fe*n  2  inclies  is  aljiuit  the  lowest  limit  for  efficiency,  nieu  Ijelow  tliat 
height  having  provt^n],  as  a  class,  to  have  comparatively  little  staying 
pc^wer,  and  to  breakdown  fi»r  want  of  strength.  In  the  British  army, 
the  minimum  for  t!ie  infantry  is  the  same  as  with  ris  ;  the  limits  fur  the 
esivalry  are  o  ft^A  il  inches  to  .*)  teet  II  inches;  fur  the  lious(4iold 
cavalry,  5  feet  11  inches  ti\  6  fe<4  I  iuch.      In  tlie   French  army,  the 
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minimum  for  Cuira&siers  is  5  feet  7  inches ;  for  the  infantry  5  feet  I 
inch. 

Military  organizations  composed  exclusively  of  very  tall  men  of 
imposing  appearance,  are  intended  for  display,  and  not  for  the  oisqiI 
work  of  the  soldier,  and,  indeed,  have  often  proved  to  be  lacking  in 
the  essentials  of  good  soldiers,  unless  they  are  unusually  well-propor» 
tioned.  The  superiority  of  additional  height  is  commonly  found  to  Ik 
in  the  leg  and  neck,  and  when  6  feet  3  inches  is  exceeded,  the  in- 
dividual, as  a  rule,  is  not  proportionately  developed  in  the  chest  and 
muscular  system.  Such  men  are  said  to  be  more  prone  to  diseases  m 
general,  and  more  especially  to  pulmonarj'  complaints,  than  men  rf 
medium  height,  and  they  become  fatigued  more  early  on  the  marcli  and 
under  all  circumstances  where  endurance  is  of  the  first  necesatr. 
Their  muscles  are  longer,  possess  less  fasciculi,  and  work  longer  leve» 
than  those  of  the  short  men.  They  also  offer  a  better  taiget  for  the 
enemy.  On  the  other  hand,  very  short  men  are  quite  as  objecdanable 
as  their  over-tall  comrades.  During  the  Civil  War,  the  smallest  men 
enlisted  broke  down,  as  a  rule,  after  but  a  few  weeks*  service  in  the 
field.  There  are,  of  course,  exceptionally  short  men  who  are  unusually 
miLscular,  but,  as  a  class,  they  are  wanting  in  strength. 

Weight. — In  this  country,  there  is  no  minimum  weight  for  die 
aivalrj^,  "  in  which  enlistments  may  be  made  without  r^ard  to  a  min- 
imum, provided  the  chest  measurement  and  chest  mobility  are  satfc- 
factory."  The  maximum  for  this  branch  is  165.  In  all  other  branches 
the  minimum  and  maximum  are  respectively  128  and  190,  but  i 
n^Tuit,  exceptionally  good  in  all  other  respects,  may  be  accepted  in  any 
branch  at  120. 

Examination  of  the  Recruit. — The  first  step  in  the  examination  of 
a  re(Tuit  is  thorough  washing  with  soap  and  w^ater.  "  It  is  not  believed 
to  be  good  j)olicy  to  enlist  men  who,  though  able-bodied  and  intelligent, 
ap[>ear  at  reiTuiting  stiitions  in  nigged  or  filthy  dress,  as  the  chances 
are  such  men  are  tramps  and  vagjibonds  and  will  not  make  g<)»J 
soldiers.  Men  who,  though  attirecl  in  clean  and  respectable  clothing, 
are  found  to  be  filthy  in  their  persons,  should  be  promptly  rejected  for 
like  reason."^  He  is  then  presented  to  the  examining  officer  without 
(•lothiu<!:,  in  a  well-lighted  room  large  enough  for  exercise  in  walking, 
running,  and  jumping.  Here,  he  is  subjected  to  a  searching  phvsbl 
examination,  and  ea(;h  deviation  from  the  normal  standanl  is  notol 
In  addition,  his  family  and  personal  histor>'  are  obtained  of  the  aspi- 
rant, whose  replies  to  the  prescribed  questions  are  recorded  witli  su<h 
other  information  as  Invars  on  his  fitness  for  the  duties  of  a  !?olilii'r. 
This  incjuiry  is  made  before  the  physical  examination  is  begim. 

The  examination  is  very  thorough,  and  includes  the  mental  condition, 
the  senses,  the  principal  orgjms  of  the  body,  the  general  formation,  tl»e 
chest  capacity,  the  condition  of  the  teeth,  skin,  joints,  and  feet,  and  the 
presence  or  absence  of  hernia,  varicocele,  and  other  disqualificsitionN 

The  leading  characteristics  of  a  gO(Kl  constitution,  as  enumerate  ''?' 
^  Manual  for  the  Medical  Department,  Washington,  1898,  p.  (55. 
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A  tolerably  just  j»rujM»r- 


Dr.  C\  S.  Tripler,  V,  8.  A.,  luv  a^  tollnw; 

tioii  bet\u^Mi  the  ditfVivat  jMrts  of  the  trunk 

.sbMiieil  hv'dd,  thirk   hair,  a  cuiinteiiaoee  exprensive  4if  healtli.   wit! 


ana  iiieinlM^rs,  a  \\v 


lU 


ipeii 


h  a 


livuly  eye,  skin  nut  t(M>  white,  lips  rt^d,  teeth  whiti'  and  in  good  rtnuli- 
tion,  voJoe  strong,  skin  lirni^  chest  well  formed,  l>elly  lank,  ptirts  t»f 
generation  well  develoj><fil,  linibs  museidar,  feet  arelKnl  and  itf  inotlenite 
length,  hantls  lartre.  The  ^;iit  should  l>e  sprightly  and  s]*ringy,  s|>eerh 
prninpt  ami  <"lear,  and  numner  eheerfuh  All  lank,  slight,  puny  nirn, 
with  eontraetetl  tigures,  whose  U^veh>pineiit  is,  as  it  weit*,  arrests  I, 
slioidd  l>e  8et  aside.  The  I'everse  of  the  ehameteristie.s  of  a  gond  eun- 
sHlutioii  will  indiente  infirm  ht^alth  f*r  a  weakly  hal>it  of  Ij^mIv  ;  hmse, 
Hahby,  wliite  skin;  long,  eylindriejil  ni'r^k  ;  long,  flat  ftn't ;  very  fair 
complex  ion  ;  finr  luiir;  wan,  sidluw  eounk'uance/' 

On  being  aeeepted,  tlir  re</rnit  nuLst  be  vaeeiiiated  innnediately,  unle.'^3 
there  is  unmistakable  e\"ideiiee  of  sueeessful  viiecination  within  a  i*ea- 
i*onahle  p*'rind. 

Chest  Capacity. — The  dete mi i nation  of  t  best  eajmeily  is  of  gre^it 
value  and  inip*n*tanre,  since  it  funiishes  an  index  of  the  vigor  *if  the 
C4indidate.  Tlie  taetors  employe<l  are  the  elK^t  measureinent.s  and 
extent  of  molnlity.  The  chest  girth  is  measun^^J  by  means  of  a  ta])e- 
measure  passe*!  nniud  ou  a  line  inehaliug  the  lower  portions  of  tla* 
Hcapuhe  and  on  a  hnel  with  or  just  Ix'low  the  nijvples.  It  is  taken  at 
forctKl  ins|uratiou  and  fi^rctnl  expiration^  and  the  ditferenee  in  the  Uvo 
rui^aj^urements  represents  tlie  eliest  nKibility,  which  is  one  cd'  the  liest 
indieatioiiB  of  ea[Mkcity  for  endnmnc^e,  and  is  of  much  gi"eater  vabie  than 
the  actual  nmxininm  and  minimuiu  cireunifereiices,  since  a  very  liu'ge 
elicst  may  liave  less  mobility  than  one  considerably  smaller*  For  men 
under  ij  feet  7  inches,  the  mobility  should  be  not  less*  than  2  inches ; 
between  that  height  and  G  feet,  not  less  than  *2.5  inches  ;  G  fi^t  and 
al>ove,  not  less  than  :i  iuclies. 

Cliest  girtli»  wcigiit,  and  height  are  ver\^  elosr^ly  correlated  lu  the 
growth  anil  devi'lo|}meut  of  a  hetdthy  maUj  and  these  pro^xxtiou^^ 
should  be  careful ly  observed.  The  following  table  of  physical  pro})or- 
tious  is  taken  from  the  Manual  for  the  Medical  Department : 


u«ight 

Weight 

Cheat  menAureitifiit 

Feet 

luehea. 

PoundB. 

At  explnttlon. 
tuohei^ 

MobilUy. 
Inches. 

SA 

64 

128 

32 

2 

Mm 

65 

130 

32 

2 

§^f 

66 

132 

82J 

2 

^tf 

67             ! 

134 

33 

2 

5JL 

68 

141 

33; 

33, 

2 

SJf 

69             1 

148 

2 

^ 

70 

155 

34 

2 

fi 

71 

162 

34 
34 

21 

e 

72 

169 

3 

«A 

73 

176 

35J 

3 

"It  h  not  net*essiiry  that  the  appl  leant  should  eon  fibrin  exaetly  to  the 
figures  iodieated  aU>ve,  a  variation  of  a  few  pot  nub  frojo  eiilier  side  of 


574 


MILITARY  HYGlEyE, 


the  stiuulanl  in  the  nnTUiiiiirn  luul  imxxmnim  wei^htt^  and  of  a  fa 
(if  ail  inch  ill  rlie.'^t   tiieiiHureujent   \mn^  iHTmis-sible  if  the  applicant i 
otlierwise  in  g^MxI  htsilth  and  desinible  m  a  recruit.     The  tiiWi^is  ^iv 
tri  show  what  is  rc^inled  as  a  tair  j>roj>r>rtion,  lint   thi*  weijrlit  rmi^i  K?l 
at   lesist    12-}    jxiiinds,  exiv[>t    for  r^valn;,  or  when    less  i<  esjM'iklly 
anthori/efl  by  the  Adjatdiit-iienenil/' 

It  will  be  oljservtMJ  tliat  nji  U)  o  feet  7  inrhes,  the  normal  weiffhtl 
taken  tn  he  2  jmiuikIs  t(»  the  inch,  and  for  each  inch  above  th 
height,  7  nounds  are  added,  and  tliat  tlie  ehest  g^irth  at  expimtiotiK 
tor  all  liei^dits  almve  I  he  ininiuiiini,  just  lieh>w  half  the  height. 

Grounds  for  Rejection,— The  most  fn^j uent  single  cause  for  rej<fctic»n  ii 
def(vtive  develnpnicnt  ;  during   18J»H,  mow  tliati  a  fourth  of  lb  -  ■  - 
tiipns  of  candidates  for  the  regnlar  army  were  made  t>n  this  ^ 
S't^ond  in  <>rdt  r  was  defei-tive  vision  ;  third,  diseas<^^  of  the  cim     ; 
Snch   is  the  order  which  commonly  oljtain*^  also  in   the  BritLsL  ur 
Other  cjinse.s,    in    order,  wen^  diseases*  of  the  geuito-urinaiy 
diseases  c4*  the  digestive  iij>{iaratus,  bad   character,  general  uniin 
deafness,   ant!   illitcraey.      Men   of  defective  developnient,  if  admitti 
are  n(ite*l  tbr  tiie  time  which  they  spend   in  the  hu^pital  and  in 
gnarddioiise.      Dnring  the  etirly  part  of  the  Civil  \\'ar,  thonsaiulM 
pliysindly  inefficient  men  were  allowed  to  enter  the  army,  only  to  I 
di>eharged  aik^r  a  few  weeks*  sen" ice,  most  of  w!n<*h  was  jmssid  in  f 
hci-pitals.      Another  element  which  it   is  most  im|K>rtant  to  exelmH 
the  liabitually    intemjH'mte.      Ai^    I>r,    Tripler   has   siiid,  ^*  First  in  i 
mutiny  and    last    in   a    battle,   the   intem|x^rate   soldier  is  at  oii«  J 
example  of  insubordination  and  a  nnisanc*e  to  his  c*>mrftdes," 

Inasmnch  as  tlie  ability  tci  march  is  ime  of  the  prime  rpialififatloi 
of  a  solilier,  particnlar  attention  is  paid  to  the  condition  of  the  Iti 
ankles,  and  leet.  The  existence  of  enlargtii  veins  of  the  aakle  i 
thigli  or  baek  of  the  knee  i.s  sufficient  cause  for  njection.  Lafip?< 
rtt'ent  hunions,  and  corns  on  the  sole,  flatfoi»t,  and  *' hammer-tm**' 
dis([ualificati>a>s.  Fo'titl  [lerspinitirm  of  the  ft<*t  is  an  intolrinhi 
nnisance  to  others  in  close  ass<x*iatiiai,  and  is  saiftieient  gnam*! 
exclusion* 

The  lo>s<^  of  many  teeth  or  a  condition  of  gencnil  ilreuy  iuditiitCNi 
a  rule,  a  laek  t»f  stamina.  Moreover,  the  soldier  in  the  field  im^df^gtK) 
te<-th  tn  chew  his  huM  bist^iit  and  not  always  tender  meat.  An  irwif 
cieiit  number  t*f  fij>}>os*Kl  molars  to  insure  pnijRM*  mastication  U 
Heient  gnamd  for  rejeetion.  In  1898,  in  England,  of  li(i^5<>l  m^ 
for  regular  stTvice,  1,7 1 J  7,  or  nearly  1  in  ^38,  wen^  rt*jecteil  on  :i*i^>nal 
of  had  tteth  alun*' ;  but  t Ij is  ligu re  gives  no  indication  of  the  pptjKirtml 
of  candidates  who  migljt  have  Imh-u  reject<Hl  <»n  that  gron ml,  since  nmflj 
were  summarily  rejected  on  other  grounds  withiait  exandnattoit  <»^  ffw* 
t+'cth, 

DefcM'tive  hearing,  tfiat  is,  inability  tn  distinguish  iirdinarv  i\*«vrivi-j 
tion  with  eifher  ear  at  W  feet.  Is  a  distpiabHeation,  since  orders  way  1*  1 
either  not  heard  at  ;dl  or  mis  under  stoocL 
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Fergonal  cleanliliess  is  of"  greiit  itujiortanci'  in  i\w  mairitcn;iiic*e  uf 
health  aiul  etKrit'iicy,  aiid  should  Ix*  tlie  suiiji^et  i»i'  iiiuoh  utttiitiHn  tin 
the  part  of  iQtf]>eeting  oftiwrs.  Geiienil  bittiiiiij^  otm  hiinlly  be  exi>t*t»t4d 
ill  a  large  eanip  iu  the  winter  luoiiths,  or  at  any  time  when  water 
i^^  se^irce ;  but  whatever  tlie  seastiti,  a  small  aniiHint  of  water,  a  quart 
or  so,  api>lieil  with  a  \vash-ni|r  or  sponge,  and  with  soap,  should  l>e 
sufficient  for  a  deeent.  decree  of  eleauHiiess.  Jn  tin-  warmer  months^ 
where  water  is  plenty,  full  Imth.s  and  .swimnnng  .should  be  encouraged. 
During  prolonged!  eiinrpaigns  with  liniiteil  opportnuities  for  keq>iug  the 
persnn  and  elnthinj^  dean,  many  men  are  disabkil  by  ehidiog  and  ul- 
ct'ratitms,  following  irrit^itioii  of  the  skin  liv  perspiration,  ilust  and  dirt, 
and  enntaet  with  unwa^^hcHl,  hnnlened  underelothes.  Body  liee  always 
make  their  app«imnee,  and  add  miieh  t(j  the  discomfort,  which  is  only 
tempmirily  relieved,  but  eventually  angmentttl,  hy  senitehing  witli  the 
nails.  ItdesttJ,  dirty  men  convey  the  evil  l>y  contiguity  Hi  their  cleaner 
associates  J  wlif»  then  suifer  not  only  in  bcxly  but  in  mind,  filled  with 
disgust  and  h^iithiufj,  ami  longing  t4)  return  to  civil  life. 

CoiitBiitmeiit  and  cheerfulness  are  very  essential  tc*  the  well-being 
of  an  armv  ;  <liseontent  and  ennui  undermine  hmlth  antl  discijdine  and, 
eonse<|nently^  etliciencv.  In  tijc  continental  armies,  enuui,  le^iding  to 
homesickness,  is  Ix^lieved  t^i  be  a  prime  cause  of  the  large  number  of 
suicides  and  cases  of  insanity.  This  is  more  markcHl  with  the  infantry-^ 
which  branch  retpiires  less  tinu?  *levoted  to  work*  In  all  armies,  it 
is  r(^<:ogiu/.e<l  as  leailing  to  excessive  use  of  tobacco  and  liijuor,  and  to 
all  manner  of  Ixid  habits.  On  the  march  and  in  time  of  general  ac- 
tivity, the  mind  is  stimidattn]  and  needs  no  special  diversion  j  but  after 
a  ciimphas  In^rn  |>crmauently  established,  and  the  men  have  settled  down 
t<>  the  routine  <»f  camp  lifc^  they  liegin  to  fret,  and  nnai  seek  solace 
iu  tobaccii,  alct*hol,  and  giunbling,  and  not  infrcijuently  in  p^rversiong 
of  tlic  gt^nenitive  liinction.  Gambling  is  n^it  oidy  mi  nnhcalthy  excite- 
ment, but  engentlers  serious  quarn^ls,  bitterness  and  disapj>ointment, 
anil   is  i^ommoidy  carri*5l  on   in  cro^vd*^!  quaTtei*s  and   foul  air. 

The  al>ility  to  keep  In  Hips  iti  camps  conteutiHl  is  reg:irded  as  one  of 
the  strongest  evidences  of  ciipaeity  for  command  and  administration. 
To  keep  men  octnipiini  is  not  sufficient;  the  ^n^cnpation  should  not  be 
wholly  routine  drilling  aiul  marr^hing,  but  interesting  iind  }deasant  work 
of  (>tlier  kinds,  ;nid  entertainments  largely  of  an  amusing  nature.  Extra 
drills,  krmwn  to  the  men  to  be  unneeessarv,  ami  c^irried  out  only  to  keep 
them  busy,  do  m>t  relieve  the  situation,  but  add  to  the  difficulty.  The 
estii!)Iishment  of  nwling-riioms  and  opportunities  for  following  mcchan- 
ir'id  trades  are  of  uuicli  service*  All  men  of  cx|w^nence  testify  to  the 
great  value  i»f  athletic  sports,  eiimpetitive  target  shooting,  gardernng 
for  pleasure  and  |>roiit,  vocal  and  instrumental  eoneerts,  vaudeville  and 
minstrel  shows,  theatriciils,  nnd,  in  fact,  anything  which  will  offer  a 
change  from  the  lium-dnitn  of  life.  Very  little  things  suffice  to  break 
the  monotony  of  life  in  cam|>s,  ju^t  as  in  the  country  and  at  summer 
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lintels,  i\^lien:'  the  arrival  of  tliv  train  ur  st4igi%  or  the  paasfiiuf  i 
i^tniuge  i-arriage,  is  an  event  calling  lorth  the  deepest  Loter^t^il 
new  arrival  a  genuine  excitement. 


Clothing'  of  the  Soldier. 

Since  the  primary  object  of  clothing  U  the  oonser\ing  of  body  I 
in  coUl  weather  and  protection  from  the  dirtx^t  heat  of  the^ut^iti 
essential  tliat  that  worn  in  any  one  kind  of  eliuiatt*  ^boultl  be  adap 
to  the  ntressities  of  that  partirular  climate.  It  is  obvious  tliat 
same  uniforni  cannot  \w  used  in  the  Northwest  and  in  the  We^t  In 
and  the  Philipjiine  Island.s  where  the  blue  uniform,  oiYjinarily  \\^\\ 
our  army,  has  bei*n  universjilly  eondemnal  on  accotint  of  itu  ' 
Therefore,  the  material  shijnld  vary  a<rording  to  the  nature  and  |il 
of  service.  In  ehoosiutf  material  fur  niiiforms,  the  chief  jxnnt-^  U»  1 
borne  in  mind  are  the  pmjierties  of  heat  t*omhiction  and  htut  aU 
tiori,  permeabilitTj  and  thniibility. 

Wool   is  a   I>oor  e<jnductor,  and    i>   not   ear-ily    pt'netTut^xl  by 
winds  ;   therefore,   it  is   very  suitable  fur  tnld  t^imutcs,  but   is  liWr 
t(i  be  oppressive  in   the  tropics.      It  absorbs  water   freely,  Inking  very 
hygroscopic,  and    thus   it   absorbs    the    jx'rhpiratifkn    and    prevrutr*  il 
fi'om  evapomting  directly   from  the  surface  of  the  ^kin   and  »v*"-I"r 
thereby   lc>ss   of  Ix^at.      The  chief  disadvantage  of  \vor»l  h  \\\* 
inlXy  with   whieli    it   is    properly  wa she*  1.      When    impn*perly  >\ 
tlie  fil)er  sln*iuks  ra|ndly,  atid  t\iv  fabric  becomes  smaller  and  mnv 
t;oft  and  absorlH-nt.     During  washing,  WfK*llcn  material  ^honhi  nrw 
b(»  rnblied   or  wrung.     They  should   be  ]dac<xl  in  water  eonC-Hiningj 
pmjK^r  amrnnit  <if  t^Mip  in  Nilntion,  and  nK)ved  about  freely^  well  rioii 
in  water  containing  no  soap,  and  Imng  up  t<»  drj'  witbtatt  writigiq 
The   soap  used   shmdd   be  uf  good   tpiality,  a^  free  as   jwissible  fn 
«?xoess  of  alkali,  wliirh  injures  the  woollen  by  acting  U{K>n  the 
fat  f>f  the  wtiol,  which  is  largvly  cbolesterin. 

Cotton  and  Linen. — ^Roth  these  articles  are  good  heat  conducfeJl 
but  an'  ntm-al>sorl>ent  of  moisture.     Buth  soak  up  moist nix^  from  ' 
8kin»  and  evaponitkm  of  this  r€H|nires  so  much  heat  as^  sometiuM^ 
muse  chilling  of  the  IkkIv.     Both  an?  dural^le^  ami  neither,  partiailall 
c<»tton»  nee<l    be   veiy  expensive.      For  underclnthing,  l^jth  are  mil 
inferior  to  wcmb  M'hichi,  being  a  fKior  hi^at  conductor  and  a  giM^l  ali^od 
cut  of  moisture,  ]>i\*\Y't>ts  mpiil  ccMjling  uf  the  IkkIv  when  it  is  in  « < 
*Iitrcm  of  active  jieivpinition  alTtcr   pbysiml  exercise.     It  is  far  mfl 
|)ernicable,  also,  to  air,  vbich  it  holds  in  the  spa<^es  Wtween  the  fib 
and  which  adils  to  its  .pnif|K^rtv  of  n(Ui-e<viiduction. 

Liglit  woollen  underc*U)tbiug,  thereforey  is  prei'erable  to  either  ixitti 
or  linen,  A  very  griod  TrmttTial  is  what  \^  eommoTdy  known  as  menn 
a  mixture  of  woollen  and  n>tton,  in  which  the  cott4m  eonstitutt^  tA^^ 
a  third.  This  combines,  in  a  way,  the  advantages  i>f  botli  niutemiM 
iind  is  a  much  mon-  washaldc  fabiie  than  pure  wnnllen. 

Shoddy  is  a  vpit  "infemfr  materiab  ma<h'  of  the  til»er  of  old,  tift 
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wfxillen  giio<ls,  niixed  with  frei^h  wool,  with  which  it  in  woven.  The 
tiiaimfacturers  do  not  intrfKlii™  any  more  fresh  wool  than  is  ab.solntely 
ntH'essurv. 

Color. — The  color  of  clothing  has  an  imjK>rtant  bearing,  both  phys- 
iologiailly  and  from  a  nnlitarv  |Kiint  <)f  view,  Color  infltienties  the 
absoi-ption  of  heat  more  than  the  nature  of  the  material  itself  White 
materials  aksorb  leiii^t  and  bhu-k  the  mo^st  hcMit.  Tlie  difforenee  in  ab- 
sor[*tive  |x»wer  of  Jitferent  colors  is  shown  in  a  marki^l  degree  by  the 
tact  that  white  eottou  over  a  black  suriaee  will  re<lucc  the  temperature 
in  the  sun  more  than  10  degrees  F.  Gray  stands  next  to  white,  and 
blue  next  to  black. 

From  a  military  point  of  view,  color  is  inipoi*tantj  since  different 
c^olors  vary  in  their  conspicuousness^  and,  therefore,  strategically,  the 
one  which  stand.^  forth  the  least  in  the  landscape  is  the  best.  The 
most  conspicuous  color  is  red,  next  white,  then  black  and  other  dark 
shades,  light  blue  and  light  brown  and  gniy  ;  but,  naturally,  much  de- 
pends on  the  backgrountl :  thus,  green  wouhl  Ix^  inconspicnouH  against 
grass  and  otlier  green  vegetatifin,  l>nt  would  show  vcn'  distinctly 
ag.unst  liare  soil,  wliereas  the  light  brown  of  the  ordinary  khaki  is 
the  least  conspicuous  in  the  latter  position.  Color  also  influences  the 
absorjitifin  of  odor>  hy  materials  in  pnietically  the  siime  order  in  which 
it  influences  the  absirrptinn  nf  heat  ;  that  is,  black  and  the  dark  shades 
are  most  absorljcut,  and  white  the  Iciust. 

Military  dress  coats  are  usually  closely  fitting,  warm  and  oppres- 
sive, and  intcrfi  re  with  proper  exj>ansion  of  tlie  chest,  through  tight- 
ness. In  active  service  in  the  fieUl,  they  arc  not  worn,  Undreas  coats 
are  usually  loose,  and  are  far  more  comfortable  and  adapt etl  tc»  muscu- 
kr  effort.  The  khaki  suits,  worn  by  our  tnx»ps  in  the  tropics,  are  stiff 
and  heavy  at  first,  but  b(^eome  softer  and  more  pliable  with  repeated 
washing.     They  are  sufKcicotly  loo,<<*  for  all  purpfjses  of  comfort. 

Trousers  are  made  sufficiently  roomy  in  the  scat,  and  raisonably 
tight  aijout  the  waist,  with  an  inner  b^^lt,  as  no  suspenders  are  worn. 
Tlic  bottoms  are  cut  narrow  rather  than  with  a  **  spring.** 

Gaiters  and  leg'gings  are  uscxi  for  prot^x^ting  the  ankles  and  legs 
from  ibist  au<l  mud.  1'hcy  are  niatle  \A*  lirown  cotton  duck  witli  lacings, 
ami  commonly  are  nt}t  wcU-flttiug.  When  lined,  as  they  sometimes 
are,  with  thiu  leather,  they  are  likely  to  lie  uncomfortably  hot.  The 
puttee  is  made  of  a  soft  kind  of  cloth,  in  a  strip  4  inches  wide  and 
6  or  7  feet  long.  To  one  end,  almut  2  feet  t>f  strong  tape  are 
fastcnal.  In  applying  the  puttee,  it  is  rolleil  up  with  the  tape  in  the 
center  of  the  rull.  Two  turns  are  wound  over  the  top  pirt  of  the 
auklc~l>oot  and  it  is  then  wound  spirally  up  the  kg  to  a  point  lielow 
the  knee,  and  the  tape  at  the  end  is  then  continuctJ  spindly  over  the 
whole  and  ftist+'ned  at  the  i^nd.  It  is  found  to  be  more  comfortable 
anfl  more  plialile  than  leggings,  and  does  mA  blister  the  hoels,  which 
1  cggi  ngs   j^  o  1 1 1  et  i  n  1 1  s  f  1  c  i , 

Head  Covering. — The  hca<l  covering  is  a  Very  impurtiuit  article  in 
the  dress  of  a  soldier.  It  shoidd  prote^/t  against  cold,  heat,  min,  and 
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llie  burning  sun.     It  shoukl  be  lightj  durable,  and  comfortable, 
elo8ely  fitting  nor  pressing  unduly  anywhere.     Leather  helmet^ 
in  some  armies  abroad,  and  felt  helmets  formerly  used  in  aure»  i 
hwivy,  and  <jj>presi^ive.     The  ordinarv'  white  helmet  is  con.^pidK 
ci^mfitrtable  in  the  sun»     The  i>rdin:ir^'  forage  cap  is  tiexible  i 
vic'eable,  but  U  not  sufficiently  ventilate*!  for  hot-weather  usei 
canjj*aign  hat  of  dmb  felt  with  lirosid  Imm  and  high  crown  hi 
fomid  to  fill  rao8t  of  the  rot|uireoients  in  the  field.      In  C\ilci 
our  new  {KKSse^sions,  it  was  fiunid  at  first  to  be  too  heaN*j%  but 
ence,  esjX'eiiUIy  during  the  rainy  H«xson,  has  shown  that  it  \ysL< 
tages  not  possevssed  by  any  other  form  of  head  covering. 

In  forrign  armies,  unnecessarily  heavy  helmets  and  <ithcr  bd 
erings  are  used  largely  for  j)urpf>ses  of  display,  but  to  a  certaili 
also  as  a  prtitcctiou  ugjiinst  meehauiol  injury*      In  the  matter 
play,  there  can  be  no  quest iuu  that  many  of  them  fulfil  theif 
adniirably  ;  but  as  a  niesms  of  defence,  helmets  of  licsivy  leatli 
nietiU,  weigliing  from  three  to  four  |Kiunds  and  more,  wnuhl  hard 
to  secure  such  lui  anion ut  of  protection  as  to  eonipeasate  for  th 
discomf<jii:  anil  the  waste  of  energy  which  their  use  eutaUi«. 
climates  J  helmets  of  bamboo,  provided  with  pnggeries,  are  veir 
used,  being  light  and  aiibnhng  gCMul  protectiini  trom  the  sun. 

Stockillgs. — Cimceming  stockings,  a  great  divei^nce  of 
exists.  \V(M)llcn  f^ttx^kings  frequently  cause  the  feet  to  [ler^pil 
in  cold  weather  ;  but  they  are  much  warmer,  and  hence  more  a 
to  comftirt  than  cotton  at  that  time.  Cott<m  is  naturally  m* 
fortablc  in  summer,  imd,  to  many  jKH>|ile,  also  in  winter.  In  oul 
both  kinds  are  issut^l.  Many  R'gard  thick  woollen  st*x*king* 
best  for  walking,  in  all  climates,  and  a.s  a  protection  again.st  f<j 
neBs ;  yet  it  is  pmbable  that  many  case^  of  gore  feet  are  bnnigh 
by  the  excessive  perspimtinn  induced  by  them.  Perhaps  a 
mean  is  a  thin  woollen  stocking  or  one  of  fine  merino.  It  is 
tant  that  tlie  stocking  should  fit  the  foot  projKTly,  lor  an  ill 
st<x^king,  {n^rticularly  one  to<i  long  in  the  foot  or  too  broad,  gi 
to  folds  whicli  cause  excoriations  and  blisters. 

Boots.— The  value  of  well-fitting  comfortalile  V>oots,  ycx 
unolistrurtcd  action  of  the  muscles  and  joints  juitl  fit^  ein 
of  blood  when  walking  for  plwisure  and  exercise^  is  too  well 
to  newl  extensive  discussion.  To  the  soldier,  the  im]KkrtiUiop  < 
hmits  is  still  grcjiter,  since,  as  has  Ireen  said,  an  efficient  arair 
that  can  march  \\\A\  ;  and  sfihlicrs  cannot  march  with  eripph 
Moreover,  it  happens  tVcHpn-ntly  in  time  of  war,  that  in  an  eaii 
which  makes  a  man  dependent  upon  his  waking  power  for  h 
life  and  liljcrty  or  for  the  proper  carrying  out  of  his  (*rder,  a  goO 
is  his  best  friend. 

The.  sole  should  be  thick  and  generf>us!y  bn«ad,  so  as  to  pn) 
round   beyond   the   upper,  but   should   not  Ik?   t^n*  heavA%    Tl 
should   Ix'  broad,  low,  and  flat.     The  boot  should  be  M|uane  a* 
or  slightly  Tovindeil  tin  the  outer  side  in  accordance  with  the 
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outline  of  the  fix^t,  so  as  to  allow  the  toes  full  play  in  walking.  When 
placed  side  by  side,  the  inner  margins  of  eaeh  should  nearly  touch 
throughout  the  whole  length  from  the  end  of  the  tfx^  to  the  l>ali  of  the 
Wmi.  The  insitle  should  nowhere  have  rough  inner  seam.s  or  projec- 
tions, whieh  may  rause  chafing  and  hiisteriug.  If  treated  tu  a  lil>eral 
amount  of  oil  or  grease  at  fretpient  intervals,  the  Iwither  will  Ije  made 
more  supple  and  at  the  same  time  more  impcrvions  to  water.  A  prei>- 
aration,  recommcnide<l  hy  the  late  Professor  Parkes,  ecmsists  of  a  mixt- 
ure of  a  half  piiuiul  %}i^  shix-rnaker's  dubbing  iu  a  half  pint  each  of 
linseed  oil  ami  nf  a  solution  uf  India-rubber,  .Silution  is  eflwted  by 
gcutle  heat,  wliii-h  slaadtl  not  be  applie<l  by  naked  Hame,  since  the 
India-rubber  sc»lntion,  containing  naphtha  or  ether,  is  exceedingly 
inflarumable.  Tliis  preparation  is  well  rubl>wl  into  the  leather  and 
rencwetl  at  intervals  of  three  months.  This  is  said  to  be  the  best 
water-proofing  material  for  leather. 

Cavalry  Ixuits  w^ith  lung  legs  are  not  suites!  tt»  walking,  as  tliey  are 
likely  to  produce  chafing.  On  account  of  the  disadvantages  attending" 
their  use  on  dismounted  duty,  they  have,  since  1902,  been  given  up  m 
all  branches  of  the  United  States  army. 

Underclothing. — Undershirts  shdidd  Lk'  of  wtx}llen  or,  better,  of 
merino,  sitice  pure  WfMjllen  is  unbearable  by  many  and  because  of 
tlie  nijvid  <leteriomtion  which  follows  iuipro^Kcr  waslnng.  The  woollen 
undershiics  issued  at  first  to  the  triKjps  in  (/ulia  and  the  Philippines 
were  ct»mplained  of  as  musing  much  irritation  f>f  the  skin  from  prickly 
heat.  In  the  tn>pies,  a  light  weight  wiM>I!en  undershirt  is  of  the  high- 
e-^t  importance  iu  the  prevention  of  l)cHly  chilling  fnini  eva|K>ration  of 
perspimtion.  Half  cotton  and  half  woollen  or  two-thirds  (*otton  and 
one-thin!  woollen  are  highly  reeoramended  as  advantsigeous  combina- 
tions. 

The  ordinary  shirt  of  the  s<^ldier  is  made  of  flannel,  with  a  collar 
and  hrciist  pcK-kets.  It  is  made  fairly  full  and  is  x^ry  eomforlid>le. 
Womlhull  reeonmicnds  the  carrying  of  au  i.^xirA  sbirt  for  wearing  next 
tlie  h<Mly,  the  two  being  worn  alternately,  **  At  the  close  of  the  day's 
work  the  worn  sliirt  should  be  taken  of!*,  dried^  stretched,  well-beaten, 
and  hung  in  the  wind  and  sun.  Tliis  shouhl  l>e  done  even  when  there 
is  no  change/'  Drawers,  stocking's,  and  tmusers  should  \\v  trcate*l  in 
the  same  niiinner.  Dniuers  are  nceess:uy  fi>r  <^leanlint»ss  and  warmth. 
They  arc  made  of  tlic  same  material  as  undershirts.  In  many  of  tlie 
foreign  armies,  drawers  an:"  not  issued,  and  men  who  desire  tliem  are 
obliged  to  furnish  them  at  their  own  expense. 

Abdomiiial  Bands, ^ — Alidominal  protectors,  cither  in  the  form  of* 
the  wcll-knewii  alnlominal  band  or  of  small  flannel  aprons  to  be  woni 
next  the  skin  over  the  bowels,  are  regartled  as  very  essential  in  pre- 
venting bowel  trout  lies,  which  so  commonly  ap|)ear  alYer  abrupt  changes 
in  tem|>crature  ;  protetiors  are  esjMvially  valuable  in  the  trojiics,  wlien* 
diarrho'id  diseases  sh(»nld  be  jireventcMl  as  much  as  jiossibh%  f>n  account 
of  their  |><issible  serious  ami  fatal  results.  The  abdominal  band,  t^f>m- 
monly  called  also  "  cholem  belt,*'  encircles  the  whole  of  the  lower  [)art 
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of  tlio  l*o<ly.     Tlip  fl^niiirl  apmii  pvottrts  only  the  anterior  psirt,  and  U 
fasteiieil  u ith  ii  tupv  uroiuid  the  \vai^^t. 

The  **  kummerhuud'*  ia  much  pR^ieri\>cl  In- many.  This  18  a  coot* 
mon  article  ai*  dre>.s  among  the  nulives  of  hot  liiHtern  countries,  Ii 
is  a  hnnul  foUl  of  rloth,  \v<jmid  tightly  five  or  six  times  about  the 
waist,  lur  the  prtiteetiou  vf  the  hjwer  jKirt  of  the  :^j>ine  fnini  the  »uii*^ 
rays,  and  tu  aet  an  a  .^uj)|M:irt  to  the  hack  am!  hjins*  It  is  made  of 
fiilk  or  cottOD,  or  a  mixture  of  the  two,  in  leogtlis  of  ten  to  fifteen 
feet  and  abunt  twelve*  to  T'lghttHii  inehes*  in  %vjdth.  To  put  it  on, 
one  net-ds  the  assistanee  of  a  eonijuuiinn.  It  is  Inldtnl  ont*e  length- 
vriscj  so  that  its  breadth  iri  redueetl  a  half  and  its  thiekne^^s  doubled, 
and  then,  w'hile  stretehed  tnnt,  one  end  is  jilat^eil  in  pisition  aud  held 
thei-e,  and  the  {>erson  turns  the  hixly  ronntl  rapidly  nntil  the  fuJl 
length  is  w«mnd  off,  when  the  end  is  eareinlly  fasteiirnl,  so  that  it  may 
not  wurk  loctse. 

The^e  proteetives  of  the  abdomen  prevent  the  e^ajxinitioii  of  per- 
spiration and  ehilling  of  the  ab«lomen  ;  without  them,  dlarrbcK^  h 
likely  to  be  indnet^l  Ijy  slight  t*onsi>* 

Water-proof  blankets  of  rublH-r  *>r  other  material  are  verj-  jin- 
portiint  as  a  proieetion  agidust  rain  or  M>il  moistnre,  When  obligi-*d 
to  lie  on  damp  gmnnd,  they  are  a  grt^t  jimtix^tion*  In  the  tropics, 
at  eei-tain  seasons,  the  rainfjdl  is  exeee<lingly  heavy  and  makes  the 
use  of  stune  iorm  of  water-priHif  oven'oat  luressary  ;  but  si  nee  these 
are  ver}'  hot,  it  is  imiiortant  to  obtain  them  of  as  light  a  material  as 
possible  without  Ku-rifieing  lightness  to  durability.  Indiu-rtdjlRT 
itself  eannot  be  worn  habitually  or  f»ir  a  hvng  time,  beciuise  of  \t{< 
eausing  great  diseomfort  throngli  retention  of  brat  and  jHTspinttinn, 
It  is  of  much  mon^  value  in  the  fttrm  of  a  blanket  to  sprrad  on  the 
gn*und  than  as  an  article  of  eh>thing»  Clf>th  may  bt^  made  \%^ter- 
proof  bv  alternate  dipping  into  solntifms  of  aluminum  sulphate  aud 
eoa]»,  or  bv  thorough  soaking  in  mw  linsti?d  oil  and  exjwsing  to  the 
sun  until  tljorooghly  diy. 

Other  articles  issued  during  wiy  etjld  weather  for  extra  warmth 
inelude  ho43ds,  gloveSj  oversh<x*s,  and  overcoats.  The  oveiHJoat*^  are 
unliued. 

The  Soldier's  Exercise  and  Work, 

Marching. — Since  the  mt»st  efficient  army  is  that  which  has  the 
greatest  cajjaeity  t»i  enduiT  hai*clshi]i.  it  follows  that  such  an  anny  can 
do  the  huigest  and  k'st  marching.  While  the  civilian  may  r^»gnnl 
dailv  walks  of  ten,  fifteen,  twenty,  and  nioiT  miles  as  no  great  strain 
on  the  system,  the  iirst-mentioned  tigure  is  accounted  gtiml  av<*!age 
tmvelling  for  sohlicrs  on  a  long  march,  and  the  secrmd  for  .«horl 
movements ;  hut  either  of  tlit^se  figures  may  represent  exceedingly 
gtKiKl  work  by  the  best  of  men  in  some  elimates  aud  st^asons  and  over 
Bome  roads,  or  by  raw  recruits  in  their  first  marchcj?*  over  the  l>c*st  of 
ixmifh.     This  is   not  for  a  moment   to  l)c  ItRtkcHl   upon  as  evidence  of 
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the  eiviluiii's  superiority  ovor  the  soldier  as  a  ^valker,  ft*r  the  two  |>tT- 
fi>rni  the  exercise  under  very  ditferetit  tiindittoiis. 

The  civilian^  in  the  first  platie,  walks  alone  or  with  a  c<inipanion 
or  two,  at  his  own  gait  and  awordln^  to  liis  own  will.  He  may  vary 
his  step  and  may  rest  at  his  pleasnre  ;  he  carries  no  greater  burrlen  than 
a  walking  stiek,  and  may  suit  himself  in  the  matter  of  dress  and  in  the 
manner  of  weiiring  it.  The  soldier,  on  the  eontrarVj  is  one  of  a  large 
btMly  proeeetling  somewhat  stiffly  at  a  pace  set  by  one  in  command 
and  not  alterable  at  will.  He  earries  bis  anus,  accoutrements,  an€l  all 
his  lielongings,  and,  |K'rhaps,  his  nitkm.s  tor  a  luunber  of  days,  and  is 
ham|K"red  by  straps  and  eliitbiug  which  interiere  with  free  circulation. 
He  rests  when  ordered,  may  be  halted,  without  resting,  witli  annoying 
frequency,  and  may  **  mareli  at  ease'-  only  when,  in  the  judgment  of 
the  t!<immandiug  officers,  this  is  pnicticjible.  At  one  time,  he  is  moving 
with  cxasjx'ratiug  slowness  on  aeconut  of  ohstack^  aheiid,  and  agin'n,  is 

I  lurrying  to  catch  up  with  thost?  gone  l>etore.  Moreover,  bis  marching 
ground  is  chosen  for  him,  and  his  miles  are  either  through  dust  or 
mud,  for  a  soil  sf>  d:unp  as  to  give  off  no  dust  is  s|jeeclily  ct>n verted  to 
mud  by  the  im [>ress  uf  uiany  feet.  Therefore  it  is,  that  the  soldier^s  10 
miles  represents  miieli  more  ]>hysicjd  exertitai  than  the  civilian's  20, 
and  his  15  miles  mucli  more,  all  things  eousideivd,  tbau  oO  i>er  cent, 
increase  over  his  10.  Foreetl  marches  of  25  miles  and  longer  are 
very  exhausting,  and  cannot  \h^  kejtt  up  fiir  more  than  a  wiry  short 
time. 

One  (^f  the  most  notable  instances  ol'  long  distance  marehing  in  a  few 
hrairs  in  recent  times  is  that  of  the  City  ol'  Loudon  Imperial  A^olun- 
teers  who,  in  8<uith  Afriea,  in  August,  U-^OO,  c^^vertHl  :S()  miles  in  10 
hours  liofJtug,  according  to  a  ilcs(witeli  of  LoJ^d  Il<«lKTtSj  to  prevent 
Gencnd  DeWct  from  crvissiug  the  Ivrugersdoq>-Potehctstr<»om  railway. 
The  celebnitetl  juarch  of  Jjord  litjIxTts  from  Xal>ul  to  Kandahar,  in 
1880,  over  very  rough  ccanitry,  was  |M.*rfi>rmed  in  23  days.  The  long- 
est ihiy's  marches  were  20  nu<\  21  miles,  and  the  a\'erage  distance  cov- 
ered was  uwirly  17  miles. 

Ann »ug  the  l>cst  known  li>iig  marches  are  several  by  United  States 
triMips,  who  hold  the  reeonl  for  long  distance  et>ntinnous  marching. 
In  185!*,  for  example,  a  ri^iinent  nf  iufuitry  nmn4icil  fn>m  Fort 
Leavenworth,  Kansas,  to  ti  point  in  Gditbrnia,  a  distance  of  1,800 
miles  in  llMl  days,  2H  of  which  weiT  given  up  t(>  resting,  so  that  in 
102  diiys  of  actual  marching,  an  average  distance  of  a  little  more  than 

II  miles  was  tnivcrs<:Hl.  In  IB 00^  a  jTortion  of  another  regiment  w-ent 
from  Camp  Flovd,  Utah,  to  Fort  Buchanan^  New  Mexico,  a  distance 
of  1,000  mih-^  in  140  days. 

In  the  Fninco-Prussian  War  of  l.'^TO,  a  company  of  French  clias* 
seurs  marc^iHl,  in  veiy  inclement  weather,  over  an  exeet'tlingly  ilifficult 
road,  for  41  hours,  with  one  re>it  of  au  hour,  another  of  two  and  a  half 
hours,  anil  halts  of  8  minutes  in  eacli  of  the  marching  hours.  The 
exact  distance  nuu'chwl  is  ntjt  known,  but  the  instance  is  cited  as  one 
of  excepti<jnal  endurance  ant  I  lianlship. 
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lo  our  arm \%  ordinary  anil  rju it' k  matching  call  respectively 
ami  120  stops  of  30  inches  tmch  per  niiinitCj  or  slitrlitly  tjver  2.5  aiitl 
3.4  miles  j»cr  hour.  Double  time,  which  is  quickly  exhausting,  aill> 
for  180  steps  of  35  inelies  eiich  per  niituite,  the  equivalent  of  nearly  6 
miles  per  hoar;  it  can  be  sustjtincd  for  not  longer  than  2  miles  by 
more  than  average  g<wid  triNips.  With  the  weight  ciirrie*!,  *30  inches* 
]»er  step  is  quite  suifieieut,  Jn  the  French  army,  2,5  miles  per  hour 
are  considered  good  average  marchings  l)eginning  with  120  steps  jier 
minute,  iucreasing  gradually  to  125  and  135,  and  returning  durinit 
the  secoud  half  hour  tt»  the  original  nUe.  The  English  quick-step  {^ 
the  i«ime  i\^  ours  ;  the  "double  quick  "  is  less  than  oars  in  leng'tL  and 
fi-equeucy — 33  inches,  175  to  the  miiuite.  The  (iermau  step  is  f>etweeu 
31  and  32  inches,  and  114  tt:»  the  minute;  the  Austrian  and  Italian, 
2J)  inches,  120  to  the  minute;  the  Russian,  28  inches,  120  to  the 
minute.  Fmm  the  above,  it  will  Ije  obsin'veil  that  in  none  of  the 
greitt  armies  of  the  world  is  the  marching  rate  tqual  to  that  of  the 
active  civilian   when  iy\ii  ibr  an  exercise  walk. 

Ever)'  soldier  is  obliged  to  carry,  besides  his  arras  and  aecoutr*^ 
ments,  certain  ntn-e^siiry  articles,  the  aggregate  weight  of  which  is 
variable,  but  always  considerabh^  In  the  eanying  of  this  weight, 
gi'eat  i-arc  is  necessary  so  to  dispise  it  that  it  shall  not  l>e  over-hurden- 
some  or  detract  from  his  etticieuey.  In  all  services,  the  retluction  to  a 
minimum  of  tlie  weight  to  Ijc  carried  is  a  matter  of  great  importance, 
but  the  disjM^sitiMU  of  tlie  weight  is,  ix:rhaps,  of  grt^ater  im|H>rt-ane^,  for 
considerable  harm  nuiy  Ik*  iu*luced  by  intt*rfcrcnee  witli  respiration  and 
circulation  by  pressure  from  the  ueccssar}'  straps  across  the  chest  and 
under  the  arm-|)its-  Under  favorable  circinnstauces,  his  im]K»cliuient:i, 
with  tlie  exception  of  anus  and  eautcH-n,  may  l>e  tninsiiort^:^!  for  hinn 
the  result  being  not  oidy  greater  covering  of  ground  with  less  strain, 
but  great  einrscrvation  of  ciHcicncy*  In  adjusting  weight,  t-ai-e  should 
be  taken  to  avoid  ecunpi'cssion  of  the  chest  as  much  as  possible  and  tii 
efpisdize  the  distrilaition  so  as  to  avoid  fatiguing  any  oue  ^Qi  oi*  mus- 
cles unduly. 

The  (ierman  infantry  soldier  is  more  heavily  equip]>c<l  than  the  Brit* 
ish  or  American,  the  total  hiad  exceeding  10  jminuls,  of  which  his 
clothing,  exclusive  of  the  heavy  polished  letither  hem  let,  aceounts  for 
nearly  24  jxauuls,  and  his  nrms  and  equifimcnts,  filled  water-lKjitle, 
antl  entrenching  t<Kils  nearly  4*i  pc»unds,  the  remainder  being  rations 
and  sundries.  Hi^  kit  is  carried  in  a  leather  kuapsaek,  aroinnl  which 
his  rolled  overcoat  is  fasteneil,  and  to  the  back  of  which  his  ctimp  ket- 
tle is  strapped.  The  Russian  soldier  also  carries  moiv  than  70  ixmrnls; 
the  Italian,  about  the  same ;  the  French,  iK^tween  <>-*>  and  70,  and  thi* 
Austrian,  al*out  <jU  jwrnnds. 

The  l)lanket  bag,  which  was  substituted  for  the  knapsack  in  our  army 
in  1882  and  abandoned  after  twenty  yeai's'  use,  is  more  oppressive 
than  the  blanket  roll ;  but  the  blanket  roll  is  also  ojipressive,  since, 
being  carried  across  the  h4>dy  fmm  one  shoulder,  with  the  ends  tied 
together,  it  impedes  the  movements  of   the  chest.     Morever,  its  use 
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involves  a  certain  degrt'e  of  iiiconvenienoe,  since  wheo  the  bknket 

itself  is  ill  use,  the  ailioles  ccmtiiiiied  must  be  tiired  fVir  iu  some  other 
way.  Other  devices  to  take  tlve  place  nt^  blanket  rolls  uiul  knapsacks 
arc  in  use,  aud  meet  with  different  fk^gree.s  i>f  approval.  Tlie  one  most 
highly  commendetl  ucitiier  imiKHk^s  respiration  or  cirenlatioUj  nor  in- 
volves contact  with  the  Ixiek  and  c*>nse<|uent  shutting  out  aexsess  of  ain 
The  weight  is  supported  chieHy  by  the  hips* 

Witli  new  levies,  the  first  inurclies  should  not  exceed  a  very  few 
miles,  the  distantN^  being  increased  gradually  day  by  day,  until  they 
become  well  sejisoue*!,  with  c>ccasional  days,  not  inehiding  Sundays,  set 
ajxirt  for  rest  and  recreation.  When  thoroughly  seasouedj  there  is  Ies8 
friction,  and  with  gre3ater  exj>erience,  conies  increased  eiiieieney.  It 
takes  but  a  short  time  for  new  soldiers  to  learn  not  to  attempt  to  carry 
unnecessary  articles,  w^hieh,  at  tirst,  they  am  invariably  prone  to  look 
upon  as  essential  to  comfort  and  }>leasure. 

Cavalry  and  infantry  should  march  se[mnit«ly  if  possible,  and  in  as 
open  order  as  praetienble,  in  order  to  avoid  crrw  J -poisonings  which  is 
a  consequence  not  alone  of  indoor  overcrowding,  but  also  of  close 
aggregation  of  men  in  the  o|ien  air. 

If  |)ossil>k\  marching  by  niglit  and  in  the  hottest  part  of  the  day 
should  lie  aviailwl,  fur  in  hot  weather  the  men  wvv  easily  exhansttHl  by 
exercise  in  the  blazing  sun,  and  since  they  e^in  g4't  no  sk^'p  during  tlie 
day,  they  need  the  night  hours  for  tht^i^  proptu*  rest.  The  early  morn- 
ing hours  are  the  best  for  marr/hing,  as  for  other  fi>rni8  of  work,  the 
mm  iKMUg  then  at  their  Ix^st ;  hiiX  unless  al)solutcly  neeessarVj  their 
sKh'P  ^hnult!  not  \h}  liroken  before  tlic  usual  time,  since  what  is  thereby 
gaine<l  in  distance  is  more  than  lost  through  the  intermjiti(*n  of  neces- 
sary sl(^*p.  Before  starting,  a  light  breakfast,  including  hot  coffee, 
should  Imj  taken. 

During  the  first  hour,  the  pncc  should  l>e  fairly  slow,  and  wlien 
two  miles  have  been  covered  I,  there  sliould  l)e  a  halt  of  at  Iwist  a 
quarter  of  an  hour,  during  \vhich  the  men  should  attend  t4i  cjills  of 
nature  and  throw  otf  their  liKids  and  rc^st  at  full  length.  When  the 
march  is  resumtxl,  the  distance  tn  be  eovenxl  may  l)e  lengthened  by  a 
half  mile,  and  when  this  distance  has  be<'n  traversed,  tliere  sht>uld  he 
unc^ther  halt  of  aliout  the  same  length  as  the  tirst.  After  this,  the  rate 
may  be  incraised  to  three  miles  jier  hour  with  a  halt  of  ten  minutes  iu 
each  hour,  and  tljis  rate  is  suffieil^ntly  fast,  except  fiir  forced  niarehes. 
The  halt  in  the  middle  of  the  day  fur  *lirui(T  should  be  of  scvenil  liours' 
<laration,  so  that  the  men  may  liavc  a  giMtd  rest,  avoid  ht^ivy  wfjrk 
ilirwtly  atler  a  ht-arty  nie^il,  and  look  after  the  tnuidition  of  their 
fei^t.  As  it  IS  unsafe  Xu  «at  heartily  or  drink  copiously  while  giT-atly 
fatigue<l  i\r  overht^ted,  a  retisrmable  interval  should  lie  allowed  before 
ditnier. 

Halts  due  t<»  acei<h'ntal  eirenui stances  are  ver>'  tiying  U\  patience 
and  strength,  and  when  their  jirobablc  duratifin  can  be  determined,  this 
shiiuld  lie  ciinununicated  (hiwn  the  column,  in  <irder  that,  if  the  inter- 
val   is   to   hv   (►f  sntficiently   long   duration,    the   men    may    have   the 
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ftdvantige  of  rpstiiig,  rutlier  than  stand  with  their  arms,  lotgng  [ 

and  temiit^r,     Stiice,  also,  irregular  mte  of  movement  is  &tigiiing  i 
aiinoying,  minor   obstiieles,  such  its   mud   and  water,  »hotild  mi 
allowtJ  to  interfere  with  regular  progress.     Music  nf  all  kindi  is  vr 
invig^iratiog  ti>  marching  men  ;  iKind  nmsie,  life  and   drum,  the 
alone,   and  swinging.      In   the    continental    armies,    hinging   is   cm 
eneouraged,  as  it  keeps  up  the  spirits  and  give«  a  rhythxn  and  i^wiog  1 
the  mareh. 

If  th(?  weather  in  hot,  men  shtmld  be  allowed  to  promote  evtp 
tion  of  jM^rspinition  by  opening  tht  ir  coats  or  blouricj^  ;  otherwise, 
is  liijit  from  the  IxHly  without  [K'rforming  its  function  of  pedudngl 
Ixxly-heat,     To  avoid  excessive  thirst,  a  fnll  drink  i^f  water  dim 
l)e  taken  before  starting.     The  esinteens  shonld   Ik*   tilksrl  widi 
or  eold  tea  for  use  dnring  the  day  ;  but   frei'  drinking  on   the 
is  ntit  to  l)e  advisefl,  since   it   tends  to   Ix^'t  constant   thirst, 
mouth  should  i»e  kept  elotie<l  a??  much  as  possible  <luring  the 
and  the  sensation  of  thirst   can   Ix'  eontrolktl   by  holding  a  smo 
jiebble   in    the   niuuth    or   chcwiog  a   green    leaf.      Simple   m'i 
moistening  of  the  month  i^  U/tter  than  tk'e  and  fre<]uent  drinking. 

In  ease  of  exhaustion  by  excessive  loss  of  fluid  by  jHTspiratiftn,  driD 
ing  on  the  march  is  neeessiiry  ;  but  under  the  usual  eooditions,  the  ( 
teen  should   be  us^il  only  at  meals  and   near  or  at  the  end  of  the  tlaj 
march.    Another  reason  for  ali>^taining  as  nuieh  a?^  [K»ssil>k*  from  drill 
ing  is  the  uncertainty  of  sujjply,  for  no  depemlenee  earn  be  placed 
the  probnbility  (»f  refilling  the  canteen  during  the  day's  march.    He 
each  man  shonld  eooscn-e  his  supply  as  though  he  wei^  certain  tluit  I 
more  is  to  Ik-  had  before  the  dsiy^s  destination  is  n^acheth     The  anio 
carrinl  may  hv  kei*t  fairly  cofil  by  wrajijniig  the  canteen  in  a  wet  chH 
the  evaporation  from  whicli  ciuiscs  pereei>tiblc  lowering  uf  teai|H.' rata 
A  little  vinegar  or  lime  juice,  if  obtainablcj  addc^I   to  the  water,  giv 
it  a  relish  and  hi^lps  to  allay  thirst. 

*'  In  many  parts  of  the  West,  water  h  so  scarce  that  jadiclcia^ 
management  is  reipiired  to  forward  tnK>pB  over  the  route, 
camping-stations  having  only  enongh  for  one  or  tvvo  conipauit^, 
command,  if  larger,  must  \mss  in  detachments*  Or  it  may  happen  that 
the  distance  bctwec^n  the  nesiiit^st  w^ater-suppli*^!  sites  is  Ufo  gn-at  tohr 
man-hed  withtait  rest,  in  which  cjise  a  dry  cimip  must  be  iontunl  at 
some  intervening  point*  The  jxissage  of  the  Gila  Btaid  Dc»j?i»rt,  35  *t 
40  railed  from  water  to  water,  is  usually  eftl>ete<l  by  making  a  nig* 
march  of  2h  mik's,  when  the  troo]>s  go  into  camp  to  rest  for  a  fti\ 
hours  before  resuming  their  jnumey,  and  to  have  coffee  issued  from! 
water-supply  carried  in  the  wagons."  (Small.')  On  arriNnng  at 
csimping-plaee,  the  waiter  supply  should  l>e  immediately  giuirJerl 
prevent  pollution  and  tmni|)ling  of  the  margin.  If  the  supply 
small  J  the  guanl  should  hv  doubly  eHicient,  If  the  supply  pre??eiit*<J 
ie  a  small  and  shallow  stream,  it  may  be  well  to  make  small 
voira  by  means  of  tem|H)rary  dams,  one  for  drinking-water  fer 
J  Buck'?!  Hygiene  and  Ptiblic  Hiiilth,  New  York,  1879,  Vol.  11.,  fi.  US>. 
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^men^  another  below  lt>r  the  horses,  atul  another  for  bithing  and  laundry 

Stragfflinji^  should  be  prevente*!  as  much  as  possiblt*^  t^inec  it  is  a 
ven*  M-Tioiis  evil  to  the  inonih/  autl  effieieuey  of  the  bxly  as  a  whole. 
If  !*tnigglin^  beeoiues  e(jnsideral>lej,  the  c*)luinn  should  Ik?  lialte<l 
mttil  the  stragj^lers  can  overtake  it,  el.si*  they  will  g:et  do  mst,  since 
liie  hourly  intervals  for  n»st  must  he  iitilizetl  by  them  m  coming  up, 
iod  the  (?iihimu  is,  perhaps,  alivady  in  riu^tiou  again.  Those  elaiming 
to  be  sick  or  unable  to  oiarch  should  be  exiunin(.Hl  by  the  niaJic^d 
officers,  who  will  separate  the  really  unfit  from  the  malingerei*s  ;  the 
lortner  are  given  csireful  transportiition  ;  the  latter,  dispos€»d  of  aeeord- 
to  their  deserts. 

At  the  end  <tf  a  day's  Hiarehing,  the  men  sluuild  hv  disraissi'd  as  soon 

pot^sible,  and  they  shouki  he  «ireful  ti>  guard  against  becoming  ehille^J 
thrt>ugh  reckles^s  removal  of  clothings  and  should  again  l*x>k  after  the 
efmdition  »if  their  feet  and  jn'rHnns, 

On  long  marches,  an  <>c(^i-sional  day  should  ^>e  t^iken  for  complete  rest 
mnd  recupi-»nitiou,  otlierwisc  an  inevitable  diniiimtion  in  efficiency  will 
be  iK^'^isioned.  Womlhull  cites  an  interesting  instance  of  overmarching 
in  the  Fntnco-Prussiau  War.  The  (lerman  Gardt^Corps,  consisting  of 
^0,nOO  infantry,  Icl^  the  Rhine  on  August  :)il,  hist  less  than  0,0(10  iu 
iirtioti,aud  on  September  2d,  the  day  idler  Snlan,  nnmlxTHl  13,000  Jlir 
^dut>^  On  Sc^ptendH^r  l\Hh,  they  reiurheil  I'aris  with  but  0,000  men, 
mort*  than  ll,OtMJ  Imving  lieen  broken  down  by  exertion,  little  actual 
flieknes.H  having  iKXHirRNh 

Care  of  the  Feet  oe  the  March. — If  go<Kl  marclic^rs  make  thv  Iw'st 
j*ohlier-i,  it  follims  that  the  [Hissession  of  the  best  snldiers  is  largely 
defiendent  up^tu  the  n>nditioTi  id' the  fet^t,  and,  therefore,  it  is  ineundient 
|ik  the  line  officers  antl  mcdiesd  corps  to  see  that  the  individual  men 
^B  ]>ro|K'rly  iiistructi'«l  iu  their  (*are,  and  t!iat  tl»cy  an*  faithful  in  j>cr- 
^■nanc^r?.  The  footsore  man,  sn  far  as  effieiency  is  enut'tn^netl,  is  a  siek 
^n  and  la'come-i  tlu'  equivalent  of  bagg-age.  lie  eanu<>t  march,  and 
H|erg  piuii  when  iit  rest.  Xmrly  all  new  men  not  aecnstomed  to 
IKrching  are  likely  to  -suffer  from  excoriations  across  the  toes,  on  tlje 
insteps  and  malleoli,  and  nn  the  back  jind  sides  «>f  the  hwls.  This  is 
due  to  friction,  and,  if  attendi'd   Ut  at   once,  may  be  pi*evented  from 

tming  serif >us. 
he  applicsition  of  strips  of  adhesive  plaster  of  genertms  size  to  tlic 
ti*d  piirts  will  fiffortl  the  same  protection  as  is  given  by  a  leather 
glove  to  the  hand  eugagt^l  in  any  Irictinnal  work.  Blisters  should  not 
be  opened,  except  Ijy  a  minute  puncture  at  the  c^ilgi^ ;  after  the  Huid  has 
ocMcec]  away,  the  sp<:*t  Bh<»uld  he  protecte<l  with  adhesive  j>laster.  The 
Mtentiive  ojx^ning  of  a  blister  jx-nuits  access  of  jiir  to  the  sore  area 
beneath,   and    the    stimulation   therefrom   is   very  active  ami  painful, 

fcBhuuhl  lie  instructcii  to  trim  tlicir  tfK^nails  square  across  and   not 
loee. 
foK?  marching  is  Iwjgun,  all  men   with  any  soreness  of  the  feet 
^ouJd  re{H>rt  themselves  anil  be  examined,  and  at  the  end  of  the  day. 
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if  not  befitre,  they  should  be  regularly  inspected.       Men  iinuscd  to 
niaix^hiii^  will  often  fiiul  grmsing  or  soaping  the  feet  ami  s^toekings  as 
exei^lleiit  pn»phylartie  tigiiinst  sorene^^.     A  iieutml  grea.^  like  mutttnh 
tallow  Ls  jtivtt^mlik'  Uj  snap,  sini*e  i^onietimos  it  hapj^ens  that  the  latter 
assists  the  ]>prHj)i ration   in   niaterutiTig  the  cuticle.      If  the  lK>c»t>  aw 
made  supple  with  grease,  they  tvud  li^ss  to  cause  soreness,  and,  in  uAii- 
tioD,  are  rendered  waterproof.     An  exi'ellent  plan  for  oflSeers  and  othm 
who  can  aftbrd  thern,  is  to  wmr  silk  stockings  under  the  onJinar\  -    ' 
especially  when  the  feet  are  naturally  tendt^r.     The  feet  may  Ix* 
encd  by  being  soakeil   in  warm   strong  solutions  of  alum  or  e'*i 
salt.     Zinc   ointment^  eontiiining   5    i^er  cent,  of  tannin,  is  als**  .,.;- 
useful.     Salicylate*]  talc  (talc  87,  starch  10,  salicylic  acid  ^1  part§  hr 
weight)  is  used  in  the  German  army  Inith  on  the  march  and  in  garristiB. 
It  is  sifted  from  a  dreilging-box  into  the  sImx^s  and  over  the  feet. 

If  the  soreness  is  due  to  the  strK-kings  and  not  to  the  sh<^,  it  i* 
often  advantaget>us  to  change  them  from  one  foot  to  the  other,  f>r  to  pwt 
them  on  inside  out.  Some  of  the  continentid  armies  use  baQda^>  id 
placje  of  stockings,  and  some  use  neither,  substituting  therefor  a  I  ' 
ctMiting  of  greasi\  iSoreness  is  due  often  to  neglected  bunions,  < 
both  hard  and  sv>ft,  and  iuMeshetl  nails.  These  troubles  newl  special 
treatment.  In  tlie  British  army,  the  authorities  have  caused  a  nuiiil»er 
of  the  ntjn-couimissioned  otfieers  tti  Ik*  instructi^l  in  chiropody,  and  the 
success  of  the  experiment  has  math'  it  proliahle  tliat  a  jXTmaDcnt  c(*r[^ 
of  trained  chiropodists  will  be  establislieci  for  the  infantrj^ 

During  tlie  long  halt  at  midday,  each  man  should  remove  hi^  An^ 
And  stockings,  atTd,  if  water  is  to  be  had  in  abundance,  he  sbonid 
remove  the  ui-riil  pi^rspiratitm  and  dirt  from  his  feet  by  thonmgh  \^a>b- 
ing,  j>aying  particular  attentiim  to  the  surfaces  between  the  t*»es,  wlK^rf 
excoriations  and  sut\  corns  are  prone  to  appear.  Dustiug-p>wdei'  '»r 
zinc  ointment  on  absorlient  cotton  may  l>e  applied,  if  advisable,  bet wceo 
the  toes.  The  feet  should  be  made  (piite  dry  In^ore  the  st»X'kijiir-  i^^- 
again  drawn  tm.  If  water  cannot  lie  ubt^iintHl  in  sufHcient  am-  i  ^ 
wiping  with  a  ilry  or  moist  elnth  will  be  fbund  to  add  materialh  Ij> 
comfort,  and  is  much  to  be  {>rcfern^l  to  long  soaking,  w^hich,  by  s>ft- 
ening  the  cuticle,  assists  the  formation  of  Idisters,  At  the  end  of  the 
<lay,  the  ive^  shoiihl  be  washe<i  and  the  stockings  changtHl ;  thm' 
removed  shnultl  he  wasfied  as  soun  as  practicable  and  dried  duriug  tin' 
night. 

Care    of    Other  FartB. — Not    uncuinm^mly,  soldiers,  es[)eeially  mtrl 
reeniits,  are  much   inc(»nvenienct^I  and  annttyed   by  chafing  at  vurioir*] 
points,  psirticidarly  on  the  inside  of  the   thighs  and  btlween  the  ml*^' 
This   is   |jr<imoted  by  iK'rs]>iration  and   restniiiUHl  by  dusting-ptwderj 
zinc  ointment,  vaseline,  and  cleanliness.      AVo<KlhuII    advis*^  apii»^M 
washing  the  face  and  neck  in  the  murniDg  while  un  the  march,  l)ecii<L«M 
the  reruHval  itf  the  natural  swretion   makes  the  skin   more  sa^'ptiW^  I 
to  the  i  n  fl  II  en  ce  < « f  1 1  en  t  and  *  I  u  s  t  *      He  recrj  mm  cutis  wik-h  i  ng  t  be  evr- 
-and  mnutli,  and  merely  wiping  the  face  and  neck  with  a  diinj|i  cl<A 
At  uight,  the  face,  neck,  and  whole  Ixxly  should  be  washed,  if  possible  I 
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Imty  foremost  of  all^  the  head,  armpits,  feet,  and  genitals  and  adjacent 
:purt8. 

:^  Gare  should  be  taken  that  the  bowels  are  not  neglected  while  on  the 
^  jnarohy  any  more  than  while  in  garrison.  If  purgatives  are  required, 
-^  ^diofle  given  should  be  mild  in  character,  and  not  such  as  may  require 
>  Kpeated  operations  at  short  intervals. 

[  The  Soldier'8  Food ;  «« BatioiiB." 

I  The  word  '^  ration ''  is  understood  commonly  to  mean  the  amount  of 
\  fooA  issued  to  each  soldier  for  a  single  meal.  This,  however,  is  far 
f  'fiom  being  the  truth.  Under  the  regulations,  ^^  a  ration  is  the  allow- 
ance for  sustenance  of  one  person  for  one  day,  and  consists  of  the  meat, 
the  bread,  the  vegetables,  the  coffee  and  sugar,  the  seasoning,  and  the 
floap  and  candle  components."  Enlisted  men  and  hospital  matrons, 
and,  when  the  circumstances  of  their  service  make  it  necessary,  civil- 
ians employed  by  the  army,  each  draw  one  ration  each  day.  The 
ntion  is  not  necessarily  the  diet,  since  parts  of  it  may  be  exchanged 
for  other  things  or  for  the  cash  equivalent  with  which  to  buy  them. 
It  18  fixed  by  law,  and  can  be  changed  onljr  by  l^islative  enactment. 

The  different  articles  composing  the  ration  for  troops  in  garrison  or 
in  permanent  camps,  excepting  in  Alaska,  and  their  amounts,  are  as 
folbws : 

Abticleb.  Quaktitieb. 

Meat  QmponenU.  Ounces. 

Piwh  beef 20 

or  Fresh  mutton  when  the  cost  does  not  exceed  that  of  beef  ...  20 

or  Bacon 12 

or  Canned  meat,  when  fresh  meat  is  not  available. 16 

or  Dried  fish 14 

or  Pickled  fish 18 

or  Canned  fish 16 

Bread  Qmjxments. 

Flour 18 

€r  Soft  bread 18 

or  Hard  bread 16 

or  Com  meal 20 

VegetabU  Oompon^rUs, 

Beans     2f 

or  Peas 2} 

or  Rice If 

or  Hominy l| 

Potatoes 16 

or  Potatoes  12}  and  Onions  3^  ...       16 

or  Poutoes  124  and  canned  tomatoes  3^ 16 

or  Potatoes  ll|  and  other  fresh  (not  canned)  vegetables  when  ob- 
tainable 44,  or  deHiccated  vegetables  (when  fresh  vegetables 
cannot  be  furnished)  2}. 

Fruit  OomponenU, 

Dried  or  evaporated  prunes,  aj)plert  or  peaches  If  (when  practi- 
cable, 30  per  cent,  of  the  iiwue  to  be  prunes). 
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QtrAUTinfflL 
Qo&ee*. 


4- 


h 


Abticlxb. 

(hffee  and  Su^r  OomprmenU, 

Coffee^  green * *    .    . 

or  roiifiteil     ..-.,* 

or  Ten,'  ^yreen  or  black  ..*,...*,.-... 

Sugar    .   

Seaji&Hing  Components, 

Vinegar  (gills)    ......................  ^ 

or  \-inegar  ^S  ^^^  ^^*^  Cucumber  pickles  ^  gill 

Salt  .-..;. 11 

Pepper,  black .   ,   . -Ji^ 

The  rutiou  is^.-^ued  to  tnH>p8  in  the  field  in  active  campaign  is  the 
in  amount,  but  in  somewhat  less  elastic.  Thus,  the  varion.s  forms  of 
fish  lire  eliaunatwl,  as  also  are  peas  and  hominy,  and  when  potatoes  are  not 
procurable  locally  the  desit-eateil  form  is  serveiL  The  fruit  conipoDent 
consists  of  eimiKHl  jam  (11  ounces)* 

Wliat  is  known  as  the  **  travel  ration^'  is  issue<l  in  jilacc*  of  the 
ordinury  ration  **  when  troops  travel  otherwise  than  by  marching,  or 
when  for  short  perio<ls  they  are  separated  from  cooking  facilities  and 
do  not  carry  coi>ked  rations.'*  It  consists  of  the  followiog  articles  and 
is  issued  in  the  amounts  stated,  per  hundred  mtions ; 

ArtielM^  Pounds  p«r  100  mtfons. 

Soft  bmtd 112.5 

or  Hard  hreiid .    , .        .  100 

Canned  u^jnied  lKt?f  or  corned-bc^ef  liainb    .    , ,    .    .    .    75 

Baked  beani*«         . ...*.........    25 

Qimied  ioniuttws .    ....»,..  ...   *    50 

C\il1ee,  masted,  poundu   ......  .    .       ,8 

Sugtir ....    15 

On   arrival   at   their  destination,  the  ordinary  ration    is   resumed. 

When  tmvelling  unaccompaintd  by  an  officer,  each  man  may  be  al- 
low^ed  a  cash  sum  jjer  day  iV^r  the  ]inrchase  of  liquid  cofl^ee  in  place  of 
the  cofTee  antl  sugar  portion  of  the  travel  ration. 

The  *' emergency  ration"  consists  of  tfiree  1^-onnee  cakes  made  of 
equal  parts  of  pure  chocolate  and  pure  sugar ;  three  4-otmce  cakes 
made  of  a  compound  of  1  part  of  flour  made  from  dried  lean  meat  and 
2  parts  of  parched  ground  wheat,  with  seasoning  of  siilt ;  |  ouooe  of 
fine  salt  and  1  gram  of  black  pepper.  Each  complete  ration  is  eontaioed 
in  a  separate  tin  box,  which  may  be  opened  only  by  direct  orrlers  from 
an  officer  or  in  case  of  extremity.  Of  this,  as  many  days'  rations  are 
issued  at  once  as  may  seem  necessary.  Abroad,  the  well-knowTi  pea 
saumge,  consisting  of  i^ea  flour  and  fit  pjrk,  is  much  uaetl  in  the 
emergency  ration*  This,  mixed  mth  hot  water,  makes  a  very  good 
soup,  but  soon  proves  to  be  cloying.  Meat  biscuits  and  dried  meats 
also  are  much  used. 

It  will  be  observed  that  the  ordinary  ration  is  fairly  flexiljle  as  it 
stands,  l>ut  it  may  be  made  nK:>re  so  by  exchanging  articles  not  wanted* 
It  is  established  by  law^  but  is  not  necessarily  the  daily  dietary.    ThuB^ 
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the  varioDs  articles  (ext^*ptii!^  tho  im^h  %^egetiiblcSj  l>rend,  and  Ijfikin^^- 
ptnvder)  unt  neiHltMl  tVn-  erm,suTii|ition  may  bo  pitrohasf^l  In'  the  coni- 
Kiissary  an  savings  at  the  iuvotce  j>ricis.  "Stivin^rs  anil  sak\s  of  fiwsh 
beef  (except  of  that  issued  for  the  siek  in  hospitaii  ihe  detachment  of 
the  hospital  corps,  and  the  hospital  matron  serving  therein)  are  pi'o- 
hibitetl,"*  but  the  fresli  meat  allowanee  niaj  be  reduced  in  amount  and 
it**  money  value  drawn  in  other  things.  For  eaeli  ration  of  tlour 
turnetl  in,  tlie  ecjmpauy  is  entitled  to  one  ration  of  br^d  or  the  pricse 
of  one  flour  ration. 

In  many  permanent  camps,  gardens  may  be  cultivated  and  a  supply 
■of  iresh  vegetables  thus  obtained  both  for  immediate  and  fut nre  use. 
Comnmtiition  for  these  is  allo\ve<l  at  the  prices  of  |)otatoe-H  and  onions 
in  the  vicinity  or  in  the  market  from  which  sapplies  are  deriv*A!»  in 
the  proixjrtion  of  8t)  per  cent,  of  pitatoes  and  20  per  cent,  oi'  onions. 
The  anion nt^s  of  money  from  all  sources  form  the  com|mny  fund,  ^vhich 
is  disbursed  by  the  company  commander  solely  for  tlie  benefit  of  his 
•own  men. 

Fruits  and  vegetables  are  very  essential  in  the  dietiiry,  on  ac<*ount 
of  their  antisoorbutic  pnvperties.  The  most  vahiable  of  the  anti- 
scorbutics is  held  commonly  t«i  be  lime  jniee ;  the  juice  from  the 
fresh  limes  is  sujKrior  to  the  lx>ttled  artii'le.  Lemcms  an^  of  about 
the  same  value  as  limes.  Among  vegetables,  piitatoes,  onions,  and 
eablTage  take  high  rank.  The  legumes  are  devoid  of  antiscorbutic 
pnj{>erties.  According  to  Woodhidlj  the  t)est  antiscorbutic  is  tlie 
figtive.  *'To  prepare  it,  cut  otf  the  leaves  close  to  the  rf>ot,  cook 
them  well  in  hot  ashi\s,  ex]jre.ss  the  juice,  and  drink,  raw  or  sweet- 
ened, 1-4  wineglassfuls  thi-ee  times  a  day.  The  white  interior  of  the 
leaves  may  be  eaten,*'  The  dried  vegetables  and  fruit  are  less  valu- 
able than  the  fresh,  and  shoidd  hv  allowed  to  supersede  the  latter  only 
when  these  cannot  !x'  obtained,  but  they  are  far  superior  to  com- 
prised vegetables,  winch,  in  the  process  of  compression,  lose  much 
of  their  salts  and  a  |>ortiou  of  their  proteids.  Dried  vegetables  should 
be  soaked  well  in  water  l>eibre  use,  else  they  may  cause  digestive 
disturbance  and  diarrhwiu 

Alcohol  in  the  Ratioil. — Tlie  question  of  the  advisability  of  in- 
eluding  a  spirit  allowance  in  the  ration  has  been  the  subject  of  much 
careful  consideration  in  all  countries,  and  has  been  answered  with 
practical  unanimity  in  tbe  negative.  But  there  are  times  w ben  a  single 
issue  <\f  sjiirits,  or  rejjeated  issues  acc*>rding  to  eirenmstances,  may  l>e 
useful  and  even  necessary.  Thus,  on  a  forced  march,  when  exhaastion 
is  great,  a  stimulant  may  be  of  very  great  necessity,  although  it  is  said 
that  hot  tea,  if  time  admits  of  its  preparation,  may  be  equally  or  still 
more  serviceable.  Wlien  given  at  all,  spirits  should  be  tiifcen  well 
dilule+1,  and  never  in  concentrated  fS>rm. 

During  the  Civil  War,  a  daily  issue  of  a  gill  of  whiskey  to  eacli 
officer  and  man  of  the  Army  of  the  Potomac  was  ordered,  half  to  he 
given  out  in  the  morning  and  half  in  the  evening.  This  was  brought 
'  Amiv  Kifgulaiiuiis,  p.  180. 
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al>out  by  the  fact  that  inr  several  weeks  the  men  had  been  snbj€<1ed  to 
iiiiu^jual  han:Ishii>s  and  extra  duty,  and  were  breaking  down  under  ilie 
strain.  The  issue,  which  was  to  eontinue  **  until  further  order?/*  yn& 
greeted  with  enthusiastic  ajipreciation  of  the  farsightedness  of  the 
authorities  responBible  for  it.  **  Until  further  orders  '*  j>roveil  t**  be 
exactly  one  month,  and  hot  cfiffee  was  substituted  for  the  whiske}-%  the 
issue  of  wliich  was  ordered  to  Ik?  **  immediati'li^  fUscontimt^IJ-  DuHnr 
the  month,  the  general  condition  of  health  of  the  troops  wai?  n-  - 
in  no  way  improve^i,  but  became  markedly  worse,  while  drankti  , 
with  its  attendant  evils,  l>eeame  much  more  common. 

Concerning  the  use  of  beer  and  light  wines,  a  very  different  opinion 
is  held  by  many  of  those  l»est  tjualified  to  judge  by  results  obj?ervtiL 
In  several  of  the  great  armies  of  Enroj^e,  an  allowance  of  light  wine 
is  cnstomar}^,  and  it  seems  reasonable  to  suppose  that  where  the  im- 
portance of  a  large  standing  army  is  so  great,  alcohol  in  this  fonn 
would  not  be  issued,  were  it  not  u|>on  the  belief,  based  on  long  experi- 
ence, that,  directly  or  indirectly,  it  is  a  l>enefit,  and  not  an  evU.  A 
little  light  wine  at  the  close  of  a  day  of  hanJ  work,  but  not  lyefort  or 
during  lis  perfornianct%  appeirs  tc>  l)e  retTU|icr8tive  and  restful,  either  in 
the  usual  strength  or  dilute*!  with  water.  In  this  country,  the  so-calW 
canteen  system  is  lielieved  to  liave  liecni  productive  of  a  distinct  gain 
for  teftiptrmive  among  the  soldiers  ;  and  by  temperance  is  not  meani 
total  abstinence. 

The  canteen  is  a  place  at  a  mil  Star)'  p*jst  where  ?mall  wares,  littff 
luxuries,  tobacco,  and  the  lighter  alcoholic  drinks  may  be  purcha.«<J 
under  close  su|H^rvisitin,  so  that  alioses  cannot  occur.  TlteJT  i?  tu^ 
inducement  held  out  for  the  men  to  I  my  drink,  and  what  is  sold  murt 
be  consumed  on  the  premises.  What  small  profit  is  derived  goe?  lo 
the  post  exchange,  which,  besides  the  i^ntevn,  comprises  a  geDcnJ 
store,  a  lunch  counter,  recreation  rooms  supplied  with  reading  utBtm, 
and  a  g\'mnasiunL 

It  is  l>elieved  that  the  ciinteen  system,  Ix^fore  its  alK>lishmeot^  W 
worked  out  the  solution  of  much  of  the  problem  concerning  dnmbn- 
ness  in  our  army*  The  soldier  accustomed  in  civil  life  to  the  usenf 
beer  was  eual)led  to  obtain  it  in  a  dtM?ent  way  and  only  to  a  reiiH:>n3il»lf 
extent,  and  hence  had  no  temptation  to  seek  alcohol  in,  jierbp* 
stronger  forms  elsewlrere  and  not  under  8U[)er\'ision,  He  was  mon* 
likely  to  remain  halatually  sober,  iiistead  of  lieing  CK3aisionally  help- 
lessly drunk  an<I  ctMniniinly  in  difficulties.  It  is  said  that  the  onJef  "f 
things  that  olitainetl  on  pay  day  under  the  old  system  had  l)eea  vti}^ 
largely  ab<»lished.  Tlien,  pay  day  was  a  source  of  siitisfaction  Ui  n^Wiy 
but  the  saloon-kee|>ers,  who  sold  bad  liquor  at  high  rates  ;  men  witp 
absent  days  at  a  time  without  leave ;  courts-martial  were  buin%  afMi 
there  was  much  guard-house  service.  Those  who  ha\"e  studied  thf 
matter,  reg:ird  the  canteen  as  the  friend  of  dt*cency  and  discipline,  aui 
the  enemy  of  ever%'  saloon  uesir  a  garri-son.  Naturally,  the  ij^aliH^n- 
keepers  and  that  class  of  reformers  who  l>elieve  in  the  possibility^ 
bringing  about  mdical  changes  io  human  nature  by  legislation^  bwanie 
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Inientlv  oppost^l   tn  the  conthmanr^  of  tlie  system  ;  aiuU  indot^fl,  tlie 
ItU^r  were  S4i  siHrr.^st\il  in  tlit^ir  a^itatum  against   it  tliat,   in  spito  iA* 
practio^i!  iinanitnity  of  the  offici^rs  of  the  army  of  all  gmdfi^  in   itj* 
Ivor,  it  wa>  abolish*'*!  by  Art  of  Coii^rt!usg  in  Janiiar)%  19()L 

Preparation  of  Food. — The  art  of  i*f>oking  is  a  very  valiuiljle  ae- 
oi>niplLshment  of  a  sokrier,  €S[XH'ially  when  on  active  service.  In  camps, 
cooking  is  done  by  persons  enlistcil  for  that  purpose^  one  cfmk  being 
HowihI  by  law  for  each  company,  troop,  or  battery.  On  application, 
most  first  pims  the  regular  examination  of  a  reernit,  and  then  one 
which  he  nmst  demonstnite  his  knr^wlerlgc  of  methods  and  skill  in 
irifig  for,  preparing,  and  serving  ffwul.  Kitchens  are  places!  under 
be  immeiJiate  charge  of  noiinxuii missioned  officers,  who  are  held  re- 
jnsible  for  their  eondition  aiul  for  the  pn:>per  use  of  rations*  Only 
hose  employe*!  or  those  on  duty  are  allowed  to  visit  or  remain  in  the 
Utchens*  The  gencnii  su|x?rvision  of  the  cooking  and  messing  devolves 
ip*»n  the  company  oornmanders,  who  are  charged  to  exercise  persinial 
ire  and  judgment  tf>  pre\"ent  waste  and  nuisance,  and  to  see  **  that 
mitable  men  in  sufficient  numbers  are  fully  instnict<*d  ki  maoagingand 
"^co<)king  the  ration  of  the  field/'  since  when  the  convenienee-s  ior  c«^^H>k- 
_iiig  r>n  a  large  scale  are  not  at  han<l,  it  becr^mes  necessary  for  men  to 
iivide  into  small  squads  and  [>refKire  their  own  meals. 
The  baking  of  bn^a*]  is  carried  on  in  post  bakeries,  under  the  charge 
erdistf^l  men  detailwl  as  chief  and  assistant  bakers.  Baking  by 
ampanies  at  jmsts  is  ex|>ressly  pmhiliitcd,  but  is  the  rule  in  tc^mporary 
ips  and  with  marching  columns,  poitiible  ovens  of  various  kind* 
id  Ijarrel  ovens  being  employee!.  The  barrel  oven  is  best  made  with 
'a  barrel  with  iron  h<K>ps,  which  is  placed  on  its  side,  covered  com- 
pletely with  clay  or  stiff  mud,  except  at  its  oj>en  eiid»  antl  thtm  with  a 
^^thick  liiycr  of  dry  earth,  leaving,  Imwever,  a  small  (rj-inch)  o|icning  at 
^■the  top  «»f  the  inner  end  to  serve  as  a  flue.  A  fire  is  made  in  the 
^Bbarrel  and  kept  up  until  all  the  wockI  is  burned,  leaving  an  oven  of 
^clay,  for  wliich  the  hoof*s  act  as  a  support.. 

In  the  field,  on  account  of  transportation,  it  is  necessary  that  rooking 
applianc«^s  should   lie  as  simple  and  etji gnomical  of  space  as  pfissiblc, 

PThe  greater  the  amount  of  l>agg;ige,  the  greater  the  number  of  wagtjns 
Hecessan'^ ;  the  greater  the  numl>er  of  wag^jus,  the  greater  the  number 
of  animals  and  the  grmtcr  the  amount  of  ncvcssary  fimige. 

Is  tlie  U.  S.  Eation  Adequate  in  Amount  and  Composition? — 
This  question  has  agitatcnl  the  minds  ai'  many  during  rtvent  times,  and, 
more  particnlarly,  since  the  outbreak  oi"  the  war  with  Spain,  and  the 
ration  luts  l>een  denouuccd,  whether  justly  or  unjustly,  in  respect  to  both 
qtmntity  and  quality.  For  a  better  understanding  of  the  sulrject,  a 
cnmparison  of  the  official  ration  with  those  of  other  countries  in  which 
warfare  is  a  larger  industry  than  with  us  may  not  be  amiss. 

The  British  s<ildier  receives,  on  home  service?,  12  ounces  of  meat 
and  1  p<^und  of  l>ri^id»  and  obtains  w  hat  he  can  of  vegf*tiibk\s  and 
groceries  from  a  per  diem  allowance  of  7  cents,  which  is  deducted  fn>m 
his  jm*.      What  lie  nce<ls  in  a<lditi*>n,  he  buys  at  the  cantei'U  (at  ctjst) 
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or  elsewhere.      In  the  field,  he   rt»t*eives    1   poimd  of  freeh,  salt<?i  *jr 
piv--^erved  meat,  or,  wlieo  fhe  supply  of  eattle  Is  nlmtidaiU,  \Jlh  jMiUud 
of  fresh  iiieiit  ;   l,2o  |Mniiids  of  fresh  hniul,  or  1  pount!  of  Ini^cult  ( 
1  ii«*imil  of  Hour  or  meal  ;   J  uiinee  (»f  eoft'ee  and    ^    ounce  uf  lea^itf  | 
double  allowantje  of  either,  or  ^  ounee  of  ehocolate  or  cocoa;  2  ( 
of  i*ugar,  1  ounee  of  pijilt,  ^  ounce  of  jx*pper  ;   1  ounce  of  eoinp 
vegetiil>les,   or  |   [)ouu«i   of  potatoes  or  other   fre^h    vegi*tables,  or 
ouiiees  of  split   jiejis,  or  \   pound  <if  ouioiit*,   or   2   ounces  of  rice; 
gill  of  lime  juiee  with   \  ounce  of  sugar  when  frei?h  vegetables  are  I 
ifiisued  or  when  the  medical  officer  thinks?  necessary  ;  \  giU  of  spiri 
when  conBidered   nece^sar}%  besides  toljacco,  light,  and   fuel     Tlii^  i 
tioD  is  snbje<.'t  to  change  for  Ix'tter  or  worse,  aciTordiiig  to  circumsta 

The   French  soldier  receives   10.6  ounces  of  meat,  26.4  ounct^uf 
muoitiou  bread  and  >^.%  ounces  of  white  bread  for  s*3up,  or  19.4  mxim 
of  hard  bix'ad ;  3.5  ounces  each  of  dried  vegetables,  chiefly  l>eaci*,and 
frci^h  vegetables,  with  salt  and  pepjier.    Much  of  this  comes  out  of  hi-  f  - 
The  German   soldier  rweives  in  time  of  jieacc,  according  a^  I  • 
in   garrison  or  in   camp  and   field   manoeuvres,  5»30— 17.65  ouj]t^    ' 
meat,  or   4*4CMj.OO   ounws  of  Imcon ;  26*oO-3o.30  ounces^  of  hi*  ul, 
3.18-6.00  ounces  of  rice,  or  4.25-6.00  of  groats,  or  8.10^12  «»r  |>:i^ 
or  beans,  or  53.00-71,00  n^  |M:itatoes  ;  and  in  camp  or  field  nianoii\>r 
a  liter  of  Ix'er,  or  a  half  litur  of  wine,  or  a  tenth   liter  of  spirit-. ;    - 
1.75  ounces  of  but  ten     In  time  of  war,  he  receives  13.25  ouriM 
fresh  or  salted  meat,  or  8.80  ounces  of  smoked  meat  or  sausage^  -^  •' 
ouuees  of  bread,  4.40  ounces  of  rice  or  groats,  or  8.80  of  peas,  l^.isj*, 
or  flour,  or  53.00  ounces  of  pi^tatoesJ  O.Dt)  ounce  of  roasted  or  1  ouooe 
of  raw  cotfee,  and  OJH>  ounce  of  salt. 

The  Russian  soldier,  iu  time  of  jieace,  receives  7.25  ounces  of  mait, 
43.35  of  rye  bre:id  or  28.9  of  biscuit,  32. G5  of  flonr,  and  4.80  of 
groats.  In  time  of  war,  he  receives,  according  to  whether  he  is  on  the 
smalhT  or  larger  war  mtion,  14,4*5—21,65  ounces  of  meat^  36.15  af 
rye  bread,  4,80  i>f  groats,  and  1.35-2.70  e>f  suet  or  butter.  He  if 
allowed  also  money  for  1,50  ounces  extra  of  mc^t,  and  an  additional 
cent  and  a  half  for  vegetaliles  and  other  articles. 

The  Austrian  soldier  rc*cH.^ives  in  peace  6,70  ounces  of  meat^  30,^ 
of  bread  or  17.65  of  hard  bread;  6,60  of  flour,  or  2,50  of  pi«?  of 
beans,  or  4,95  of  groats,  or  5.30  of  millet,  or  4,00  of  barley,  or  3.70 
of  rif?e,  or  19.75  of  p<jtatoes ;  5.55  of  saner  kraut,  and  0.00  of  soH, 
In  time  of  war,  9.90  ounces  of  meat  or  6.00  f>f  sfdted  nictit  or  Ixilt^d; 
25.20  r>f  Hour,  3.50  of  haril  brrad,  5.30  of  ix-ais,  or  4.94  of  gnjatis'ir 
5.55  of  saner  kraut,  or  8.80  of  potatoes  ;  and  1.05  of  suet,  with  wffn', 
and  beer,  wiue  or  spirit*,  and  4  cents  for  cjctra  vegetables. 

The  Spnnish  soldier  rweives  24  ouuees  of  l»read,  and  is  re«|uired  <i^ 
gpend  7  cents  out  of  liis  ilaily  |iay  of  9  cents  for  the  rt«t  of  hi?*  snl»- 
sL^tenee.    In  time  nf  war^  his  pay  is  increased  from  2.5  to  5  cents  (wr  flay* 

The  Italian  soldier  I'eceives  7.05—10.60   ounce8  of  meat.  0/*0of 
bai'ou,  32,40  of  bread,  5.30  of  rice,  0.70  of  bugar,  0.50  of  ci»ffee,O.S 
of  salt,  and  a  quarter  liter  of  wine. 
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^mparisoii  <>t*  tbe^e  Hg»m.^s  witli  those  of  nur  own  ration,  demon- 

es  at  r»u<_v  ttiat  ours  is  in  all  ivsjx'cts  the  must  lilK'ni!  ratimi  in  the 

[id.      In  cinly  one  instance  i.s  there  a  conspieiions  siiperi^irity  in  tiie 

int  ot*aii  ini|>ortant  ctJiistituent  :  iiaraely,  the  very  generous  aUow- 

!  of  |x>tjitot*H  in  the  Gerniaii   mti<m.     Not  only  is  the  U,  8,  mtion 

most  ahuntliiTit,  but  it  aduiits  <»f  }^r«iter  variety  thau   any  other, 

t  even  at  that,  it  is  held   hy  niany  tt*  Ik'  iusuttieient   in   amouut   tbr 

proper  j>ertormanee  of  the  work   a   :^f>ldier  may  Ix*  eiilled   ujnui  to 

Ex[)erts  in  the  making  of  dietaries  have  proposcHJ  inereasing 

luur  and  soft  bread  alh>wanee  by  about  a  fonrtli,  and  adihng  about 

noes  of  flour  to   t!ie  alternative   allowaiu^?  of  hard  bri'ad  and  20 

l^ceoi.  to  the  alternative  idhtwancx!  of  e*jrn  meal,  with  a  redneiiou 

per  tx^nt,  in  the  alh>wanet*  of  potjvtoe?^,  and  the  alternative  of 

ey  value  in  milk  ut  elieese  in  plaee  of  the  allowance  of  ]>eas  or  beans, 

the  eunsidenition  of  the  cpu'stimi  i*f  quality  and  variety*  it  .should 

iirne  in  mind  that,  wiiile  it  is  nreessary  to  have  a  standard  of  food 

iTilue  fixe*!  by  law,  it  is  not  ntHn'ssiiry  to  ixiusume  precisely  the  articles 

iUMn««l.     Nor  is  it  possible  to  ftx  a  money  value  to  the  ration,  and  give 

|i«(Jt  the  ca-sh  equivalent  in  plaee  of  aetual  fot>d,  for  the  soldier  is  not 

fOilways  near  a   nuirket,  and,  nu>renver,  if  he  were,  it   is  most  evident 

thut  the  Ninie  aniount  of  money  in  diffeivut  plaees  would  yield  Xiyvx 

<tiflerent  annjunts  of  uutriment,  simx'  in  one,  the  fooul  suj>ply  is  abun- 

riknt  and  cheap,  and,  in  another,  scanty  and  expt'usi ve.     What  tlie  soldier 

tnt**,  di'jx*nds  H|Km  eireunistanres,  and  lar^x'ly  upon  the  discretion   of 

<x»aipany  eornmanders  guided  by  the  advice  of  the  nuHtieal  officers,  but^ 

«*  ?iiid  Iwfore,  the  actual  (bcKl  value  is  fixed  by  Congress,  and  is  l>ased 

ttlie  ex|M-rientT  and  stu<ly  of  many  vmrs. 
k  the  United  States  Ration  Suited  to  the  Tropica  ? — The  ques- 
I  (»f  the  suit;d)ility  of  our   nition   to   the  tropics   is  one  wliicli   has 
■mxint^i  gn-at  imjMvrtanee  sitiee  the  ne**essity  arose  for  maintaining  large 
^■jei«  in  our  new^  possessions,  and    its  diseussi<m  has  been  niarkt\l  by 
Pmieh  more  temi^ei'ate  tone,  and  has,  tlierefore,  yielded   lietter  results. 
The  Wginning  of  tlic  discussion  may  be  saitl   to  liave  arisen  from   the 
hi'X  that  it  bn'iime  generally  nndcrstniMl   that  bacon  was  a   nt*CH'ssary 
ituent  of  the  daily  tiK)d,  l>i>th  in  eum[>and  in  a(*tive  ojjerations,  in- 
of  an  alternative,  as  may  be  gathered   from  the  wording  of  the 
\jt — fresh   beef,  or  frtsh   mntton»  etc.,  or  |K>rk,  or  bacon,  or  salt 
W»f,  or  dried  tish,  or  pieklnj  Hsh^or  hvA\  tish,      Racon  has  its  advan- 
%^*s  at  cx^rtiiin   times,  but    \>  not  eagerly  sought  atb^r   by  those  not  in 
Jgo<»d  health,  n<>r  is  it  acceptable  in  veiy  hot  climates  as  a  regular  diet 
•*Hy  mcire  than  arjy  otlier  fatty  fotxi.     Fats  are  much  needt<l  in  cold 
f<»r  thi' |ir*>durtiitn  of  hwit ;  in  hot  climates,  the  necessity  for 
-   is  but  sligiit  in  i'orii[»arisi»n,      liut  when  fresli  meat  cannot  be 
^*f»UiiiicH|  either  on   the  hoof  or  fnjni  e(»ld  storage,  and  when  the  apjK^ 
jfjc  \b  eloytnl  by  tiatuieil  merits  (and  this  is  soon  brought  alxtut),  tmcon 
■feccptable  as  an  occasional  substitute. 

^Tn  thos«'  at  a  <listance  and  nnaecpiaint+Hl  with  local  conditions,  the 
fl^al  supplv  ot*  tresli  meat  ij?  t^ittk-  on  the  hoof.     But  the  cattle  of  the 

L^ 
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tropics  are  not  the  name  ms  thrust?  wlikrfi  we  kiniw,  nor  are  thi*y  aim 
to  Ih'  IuhI  in  c'VPii  sinall   nniiil>ers.     St^ndinjr  live  fiittle  from  bmjt,  1 
Im'  tJrlvt'ii  uloiiij  on   the   rnnrrh   to  Ix'   killuil  as   nt^Kleil,  Ls  not  altuj^ 
jirarticaljk',  fur  vwn  if  lamkd  hi  go*wi  eondition,  they  cannot  W  kc] 
on  the  nmrrh^  and,  imles.^  the  country  travei'^ed  18  good  gnudug! 
they  h>se  weij^jht  ami  liie  of!'  rapifJly.     Canneil  nieat<  are  niurh  infirioj 
to  fresh  meats,  and  eiuniot  hni^  he  eaten  with  relish.     The  canne«l 
ealled  voff.^t  heef  is  eoirnnonly  the  resklne  of  meat  after  the  extraeiirt 
have  been  boiled  oot  of  it  for  the  inamdaeture  of  meat  extract,  ami  j 
is,  tberefbre,  lacking  in  flavor,  although  not  materially  diintni^luid  i^ 
nntritive  properties.      It  is  often  as  tiJsteUtss  and  almost  as  ilifficult  i 
ehew  as   towelling,  and  is  far  from   inviting  in  appearance^  e?tp 
when  the  <'ans  are  o[»ened  at  ordinary  hot  sunnner  temperature, 

Aeeonling  to  many  ex{RTient*ed  mimls,  the  eoasumptiou  uf  meati 
any  form  should  be  much  limiteil  in  the  tropics,     R(X|uemaure'  iidiii 
the  European   in   the  tropit^  to  take  nothing  into  his  stomach,  t 
articles  rasily  digested  ;  nxnttou,  bt^f,  and   pork  only  in  m*n 
and  not  ttH>  thoroughly  eiNiketi^  and  riot  regularly  or  too  often ;  bil 
eggs,  and  fisli  are  more  U)  Ix^  eoirutiendt^l ;  especially  to  be  relitJ  up 
are  riee,  dried  vt^gt^tidiles,  fresh  vegetables,  starchy  fixKk^  and  ri}»e  f 
in  go(xl  condition.      Kcihlbriigge  *  phices  atmve  all   other  inflneows  i 
the  deterioration  of  Europi'ans  in  the  tropics  the  ton  extensive  ii?e< 
animal  fats,  whieh,  he  elainiB,  are  rt^sjionsible  for  much  of  the  dian 
troubles  of  the  tropica.     He  recromniends  the  vc^table  oils  for  mf 
ing  what  fats  are  neediKl  by  the  IxkIv. 

The  observations  of  Dr.  L.  Tj.  S'aman,^  in  Porto  Rico,  lead,  !n  pil| 
to  tiie  same  conclusion.     He  relates  that,  mtiiin  a  week  after  landi^ 
in  the  summer  of  1898,  in  spite  of  the  strictest  sanitary  precaatja 
and  personal   bygleue,  the   entire   force  with  which    he  was  conae 
sufferiHl   from    sonic   form    of   intustinal   catarrh   from   one  cause 
another,  antl  that  medication  was  of  no  avail,  sinw  the  diet  of 
Sid  ted  bwf,  canned  beans  and  pork,  and  hanltaek  j)roved  to  be  a  tii| 
tinual  irritiint,  by  which  the  troubles  were  aggravated  and  the  pov<^ 
of   resistance    nmch    reduced,     f'nder  such    conditions,  malarm  and 
typhoid  fever  gjiincd  a   ft  Hit  hold   in  the  systt^m  with   much  ease;  fiM 
came  the  malarial  fevers  of  the  various  types^  and,  in  th^  ejirly  part* 
September,  iin  the  intnxluction  of  the  germs  from  Tampa  and  Ch'u.*i 
manga,  typhoid  fever  broke  out,  and,  spread   by   flies,  continued  wii 
varying  severity  until  embarkation  for  Inime  in  November.     Tbeva 
of  a  niilk-tliet  was  emphatically  tleniiinstmtiHL 

Ki>erfer*s*  reeornniendation  to  Eum|>e;ins,  to  leive   their  j)ork  fkU 
meats,  ami  alcohol  at  home  with  their  hejiting  stoves  and  fur*i, 
they  go  to  reside  in  the  tropics,  is  tj noted  in  confirmation. 

While   the  use  of  gmen  vegetables   is  universally  recsoramcndeJ  w 


'  Hyj^i^Tle  alimenUiire  aux  ].mys  ohiitulrs  Bordemix,  1805. 
'  Die  Afi'liiniitisiition  drr  Kuroplier  in  den  T" 
mhriO,  1S98,  N<>8.  27  and  2S. 


Trctpen:  Deutsche  mediciiiiflcbe  WocIkw 


'  New  York  Medical  Journal,  U&n'h  18  ami  25,  1899* 
*  Deutsche  medJi:miiM3he  Wocheiisehrift,  J  illy,  189S. 
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\  tropics,  it  is  not  always  easy,  and,  in  fact,  it  is  often  extremely  difiB- 

;  or  impossible,  to  obtain  them,  since  the  natives  of  the  tropics  are 

Bmonly  content  to  live  on  ri(»e,  dried  beans,  and  fruit,  with  an  ooca- 

taste  of  fish  or  meat.      Canneil  vegi»tables,  while  grateful  to  the 

a,  are  not  wholly  to  be  recommendt^d,  on  account  of  transix)rta- 

A  can  of  string  beans,  for  example,  contains  a  maximum  of 

and  a  minimum  of  nutriment,  and  for  its  reid  service  in  the 

may  be  said  to  be  Imnlly  worth  its  cost  of  carriage.     Dried 

ables  and  fruits  are  more  economical,  but  should  be  well  soaked 

Dfeuse. 

The  Court  of  Inquiry,  appointinl  to  investigate  the  food  supply  of 

)  anny  during  the  war  with  Spain,  reported  among  other  conclusions 

following :  "  As  to  the  efFcH:^ts  of  the  food  supply,  having  regard  to 

jiency  and  quality,  it  seems  to  he  clearly  established  that  the  army 

as  supplied,  without  mtxUfication,  to  the  troops  serving  in  the 

fttt  Indies  was  by  no  means  well  adapted  for  use  in  a  tropical  climate. 

^tbis  be  true,  the  unfitness  of  the  ration  should  have  manifested 

by  its  failure  to  keep  the  troops,  who  subsisted  upon  it,  in  the 

)  passible  condition  for  ser\'ice  in  hot  climates.    This,  in  the  opinion 

the  court,  is  fully  established  in  evidences"     Seaman  advocates  a 

ion  in  the  meat  components,  the  use  of  salted  meats  not  oftener 

twice  per  week,  and  an  increase  in  the  allowance  of  vegetable  and 

rinaoeous  foods  and  dried  fruits. 

Dr.  Edward  L.  Munson,  U.  S.  A.,*  has  studied  the  subject  of  tn>p- 
ind  diet  from  the  standpoints  of  physiologicid  science,  availability,  and 
fncticability,  and  concludes  that  the  articlas  of  the  ration  are  correct 
it  tbey  stand,  being  admirably  selected  and  of  good  variety,  but  need 
mne  rearrangement  in  their  res}x?ctive  amounts.  He  proposes  certain 
Modifications,  and  offers  four  dietaries,  the  average  of  which  is  not 
iridely  variant  from  a  projwsed  nutritive  standanl  for  soldiers  in  the 
hopics,  as  follows:  Protein,  100  grammes;  (^jirbohydrates,  650;  fats, 
B5.  (Nitrogen,  16;  total  carbon,  ;^92  ;  fuel  value,  »*i,491  calories.) 
Dietar\'  I.  contains  the  grejitest  amount  of  fo<Kl  material  which  may  be 
drawn  bv  the  soldier : 


TROPICAL   DIKTARY   I. 


Articles. 

Quantity, 
ollnce^. 

Flrwhbeef 

PkNir 

Kfi^nf 

Pdtetoes 

Dried  fruit 

««8" 

10 
18 

2.4 
16 

3 

3.5 

Total 

62.9 

Katj*. 
KraiiiM. 

44.7.5 
5.()0 
1.22 
0.45 
1.53 


53.55 


('arlK)hy- 
d  rat  ♦•!♦". 
grauin. 


380.4G 
40.18 
81.70 
.33.80 
94.25 


X   I 


I*rotein, 
grams. 

41.68 

55.08 

15.16 

9.50 

1.77 


Nitroijen, 
grams. 

6.67 
7.90 
2.42 
1.52 
0.27 


Fuel 

value, 

calories. 

590 
1,850 
240 
380 
220 
397 


630.39  I  123.19 


Total  carbon,  395.14  gniniH;  nitrogen  to  carlwn,  1  :  19.6. 


18.78     ;  3,677 


*  The  Ideal  Ration  for  an  Armv  in  the  TnipicK. 
9«igical  Journal,  May  3,  10,  17,  and  24,  1900. 


( Prize  eHHay. )     Boston  Medical  and 
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Dietary  II.  is  especially  applicable  to  field  sen-ice ;  in  this,  the  fatty 
constituents  attain  their  maximum  and  the  pr>tential  energy  is  high: 


TROPICAL  DIETARY  II. 


Articles. 

Quantity,          Fats, 
ounces.          grams. 

NitrcgtB,    ^ 

Bacon 

Hard  bread 

Beans     

Dried  fruit 

Sugar 

6             105.06 
18                6.63 

2.4  1.22 
3                1.53 

3.5  . 

.    .    .           15.64 
371.81          73.12 
40.18     '     15.16 
50.70     1       1.77 
94.25           .    . 

2.49      UHI 

11.74      l^ 

2.42        Ml 

0.27       a 

Total 

32.9      1    114.44 

556.94     '    105.69 

16.92     a«s 

Total  carbon,  328.76  grams ;  nitrogen  to  carbon,  1 :  23. 
Dietary  III.  is  proposed  for  garrison  duty  : 


TROPICAL  DIETARY  IIL 


Articles. 


Fresh  beef  .... 
8oft  bread  .... 
Potatoes  and  onions 
Dried  fruit  .... 
^>iigar 


Quantity, 
ounces. 


10 
20 
16 

3 

3.5 


•  Fats, 
grams. 

44.75 
6.80 
0.72 
1.53 


Carbohy- 
drates, 
fcrams. 


Protein,    '  Nitrogen,    IJjl 
grams.  grama.     ^j|||^ 


41.68 

6.67 

\'^ 

299.20 

53.83 

8.61 

\JM 

73.09 

8.60 

1.40 

^ 

50.70 

1.77 

0.27 

2» 

94.25 

•    • 

S97 

Total  , 


52.5 


53.80 


517.24     '    105.88     |     16.95    1 3.(65 


Total  carbon,  328.76  grams;  nitrogen  to  carbon,  1  :  18. 

Dietary'  IV.  is  a  combination  of  the  .sovenil  articles  of  the  ration  most 
closely  approaching  in  character  the  food  materials  u.sed  by  the  natives 
of  the  tropics,  proportioned  according  to  the  proposed  standard : 


Articles. 


Frosh  fish  (cod),  wliole 

Soft  bread 

Kice 

Potatoes  and  tomatoes 

I>ried  fruit 

Suffar     


Total ' 


TROPICAL   DIETARY   IV. 


(^lantity, 
ounces. 


14 
20 

4 
16 

3 

3.5 


64.5 


Fats, 
grams. 


0.79 

6.80 
0.45 
0.54 
1.53 


10.11 


Carbohy- 
drates, 

Protein. 

Nitrogen. 

Fuel 
nluc 

graniK. 

grams. 

gramfi. 

okineL 

31.73 

507 

120 

299.20 

53.83 

8.61 

1,506 

88.87 

8.75 

1.40 

4o: 

()5.80 

8.17 

1.36 

257 

50.70 

1.77 

0.27 

i!0 

94.25 

341 

598.82 

104.25 

16.71 

2,^ 

Total  carbon,  327.50  grams;  nitrogen  U>  carbon,  1 :  19.6. 


*  It  will  l)e  notii'cd  that  the  first  and  sixth  columns  do  not  add  np  accordinj^  to  the 
totals  expressed.  The  latter,  however,  being  used  in  the  table  below,  are  retiinw 
unchanged. 
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The  following  table  Hho\v?«  thf  niejin   nutrient  eomposition  of  the 
ftmr  dietiiricH,  and  aiimitii  of  ix^uily  ooiiijiunson  of  one  with  auother  : 


DtfUry. 


No.  I. 
No.  11. 
No.  III. 
No.  IV. 


Qurnitity, 
ounce*. 


52.9 

32.9 
52.5 
64,5 
50.7 


gTMillll, 


5a55 

114.44 
5:iS0 
10.11 
57.97 


556,94 
517.24 
598.82 
575.85 


123,19 
ia5.69 
105.88 
104.25 
10i*.75 


18.78 
16.92 
16.95 
16.71 
17.34 


Total  carborj,  350  gtatna  -  nilrogen  to  carbon,  1 ; 


3,677 
a.825 
3,a53 
2,947 
3,375 


Posts  and  Camps. 

Posts  are  pernijiiietit  nimpHi  or  tlni>:e  of  iMisitioni  aiul  campSj  in  the 
usunl  sense,  ure  teiopomrv  or  incidental.  At  jM^sts^  tlie  tr(M>p8  are 
h(nise<t  in  bamick^,  winle  at  tempi  mi  ry  camps  they  iMX^npy  tents  and 
hats.  The  same  ssinitary  eunsideniti<»ns  apply  eipially  well  tM  hiith,  hnt 
choice  of  Im^ation  of  teni(nimry  eimi|>s  in  time  irf  war  is  determined 
com m only  hy  innnetliate  and  stnitegit^al  e<insiderations.  Both  should 
l)e  laid  cait  in  such  a  manner  as  to  insure  pnifWT  air  su[>ply,  elwinliness^ 
and  ;x*'iif"i'^d  saluhrity,  :md  should  be  as  ef>mpaet  !»s  is  eorisistent  with 
the  prineiph\s  of  hyj^iene,  fi*r  a  enmjmet  eanip  is  more  easily  e^m^d  for 
ami  defended^  while  one  unnecesssirily  extended  involves  inereaseil  lalx>r, 
sliiwer  ileliverv  of  orders  and  supplies,  und  gn^ater  diilieulties  in  sjini- 
tary  polieinp:.  With  the  taetidil  tind  stnitetri'al  re([uireuients  and  gen- 
eral filau,  \vhi(4i  is  a  niiHter  of  regnlation,  the  hygienist  has  nothing  to 
do,  and  his  interest  lies  t»nly  in  the  distanees  between  different  tnxlies 
of  men,  the  nize  o(  eoni}>any  areas,  the  eiibie  sjmce  per  man,  the  proper 
!<M",iti«in  of  sinks,  latrines,  and  urinals,  the  nieasnnv  adc>|jtfHl  for  surface 
dminage,  disposal  of  stnvngt*,  garbage^  and  stal>le  n^annre,  the  water- 
supply,  and  <ither  matters  liaviug  a  Iwaring  on  the  health  of  the  troops. 

Tlie  genend  plan  *tf  a  eauip  is  shown  hi  Fig.  !*H,  taken  from  the  In- 
Jantry  Drill  Regnbtioii,  and  amen^k^l  in  the  matter  of  distanee^  and 
intervals  l>y  Dr.  P.  i\  Harris,  U.  S.  A.,-  sinee  m*  distanees  and  inter- 
vals are  given  in  the  regulation,  for  they  must  van"  aeeording  to  the 
nature  of  the  gn>iind  and  the  strength  *»f  the  eonunand.  The  plan  is 
made  "on  a  basis  of  3  men  to  a  eoninion  tent  or  10  to  a  conical  wall 
tent  ;  the  maximum  allowance  of  tentage  is  6  men  to  a  cf>mmon  tent 
and  20  t4>  a  conieal  wall." 

Sites. — One  of  tlie  most  important  matters  CH>nneeted  with  military" 
hygiene  is  the  !^4eetion  of  a  proiier  site  for  camps.  Everything  bear- 
ing on  the  health  of  tho.sf  who  are  to  occupy  the  eamp  should  be  con- 
sidere<l  im|*ortant,  and  ever\"  eilVni:  should  be  made  to  insure,  so  far  as 
it  is  possible,  that  there  is  no  point  of  least  resistance  in  the  harrier!* 
against  disease.     If  an  unhealthy  site  is  chosen,  no  amount  of  care  can 

^  C^auijjM  of  IiiHtructioOj  lieprint,  Buffalo,  Dec,  14,  1898. 
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The  soil  should   Idc*  dr 


day  and  other  soils  of  low 


Ml  |H)roii8 ; 

perrrieability  to  air  and  nunstuiv,  but  with  higli  retentive  |M>\vor  tiir  the 
latter,  should,  if  jM>ssHiblt%  Ik^  avoideth  If  the  gnniud-water  Iwel  is  high, 
it  .should  be  lowered  by  tile  draining  or  <li tellings  in  eiuse  the  camp  is  to 
be  one  of  permaneuc?e.  A  clay  soil  or  a  soil  underlaid  at  a  short  dis- 
tauee  by  a  ehiy  soil  i.s  regardtil  e*mirni>nly  as  t!ie  worst  possible  sito  ft»r 
a  camp,  sinee  it  is  retentive  f^f  water  au<l  is  eold,  and  i-auses  the  atmos- 
pliere  immediately  al>ove  ta  lie  damp.  Old  river  bottoms,  deep  alln- 
vinnj,  and  marshy  ji;^n>und  should  be  avoided.  Grass  laud  may  com- 
monly be  aecepttHi  as  good  camping  gn>nud,  but  grouud  covered  with 
ratdv  vegetation,  as  iu  the  tropics,  is  not  aee^  ptable,  because  such  is 
generally  rich  in  decaying  < organic  matter,  an<l  the  pri'sence  of  rank 
vegetation  is  in  itself  evidence  either  of  a  very  humitl  atmosphere  or 
of  an  umlesirable  tlegree  of  soil  moistui-e.  Lauds  sabji-et  to  f periodical 
rttxHling,  es{>eeially  l)y  salt  water,  should  Ix'  avoided  as  nulieiiltliy. 

Above  all,  it  should  be  a  nde  to  avuiil  old  ejuap  grounds,  for  these 
nsually  are  left  in  a  tiltiiy  eouditiou  by  the  previous  m'cu()ants,  and  the 
soil  is  always  coutaminate<i  extensively  aiuj^  perliaps,  inft*cted.  If  an 
old  camp  site  is  particularly  desirable  on  aec(»unt  of  the  acc^essibility 
of  wihkI,  water,  aud  grass  (the  three  essentials  demandiHi  by  the  line 
officer )j  a  position  to  \viml\i';ird  ami  as  iiwir  as  is  consistent  with  hy* 
gieiiic  cons  idei'at ions  may  be  seleetc<L 

Dryness  of  the.  site  and  vicinity  is  of  prime  importance  in  its  bear- 
ing on  the  health  of  troo|)S,  but  too  givat  dryness  with  much  dust  is 
hurtful  tr»  tJie  eyes.  A  jKisitiou  on  the  side  of  a  hill  is  warmer  than 
one  at  the  top  aud  drier  than  one  at  the  bottom^  aud  is  iavorably  situ- 
ated as  regards  that  most  essential  provision  iu  camp  sanitation, 
<lniinage. 

Barracks. ^ — Barracks  are  jiiTmanent  struetures  for  the  hxlgment  of 
sokiiers,  and  are  Iruilt  eommonly  of  one  or  two  sttjrirs,  but  not  mtire. 
Each  building  of  a  group  should  1m^  completely  iudepemlent  of  the 
othem  and  place<l  with  reference  to  prevailing  wintls  and  exjjosnre  to 
the  sun.  It  is  t'ssential  that  the  site  be  dry  ;  the  foun*lation  walls 
solitlly  laid  ;  the  walls,  of  whatever  material  conslniettHl,  <lry  and  pn>- 
tix^tiHl  ag^dnst  capillary  moisture;  the  flo<>rs,  «>f  hiuxl  wood,  tightly  laitl  ; 
and  the  ventilation  etticient.  Barmek  rooms,  whit^h  are  the  soldiers* 
living  rooms  as  well  as  sleejiing  quarters,  are  geu< Tally  made  long  and 
narrow,  aud  each  occnjiant  has  fiimr  s|>aee  aud  air  space  aceonling  t^> 
the  regulations  obtaining  in  the  <'ountry  which  he  serves.  In  this 
country,  GOO  cubic  ieet  of  air  s[Kiec  per  man  are  reckoned  adecjuate, 
and  this,  in  a  room  12  feet  from  fl^jor  to  ceiling,  gives  a  floor  sjmce  of 
oO  s<|uare  feet,  Cavalry  and  artillerymen  are  given  stimewhat  more, 
on  account  oj'  the  odr>rs  which  ruling  to  them  irom  e<*ntaet  with  Imrses, 
A  less  amount  is  allows]  when  tr<Mips  are  quarteriHl  in  ordinary  dwell- 
ings. At  Southern  posts,  HiH)  cubic  feet  of  air  space  and  70  square 
ft^t  of  floor  space  are  allowed.  In  England,  tla*  allowances  are  the 
^ame  as  with  us  for  infantrymen  in  the  North  ;  in  India,  they  an^  from 
loOO  cubic  feet  and  75  si^uare  feet  to  double  those  limits.     In  Fmuee, 
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th*^  onhir  space  iiUowed  it*  4*20  cu!>ic  feet  for  infantry  and  500  bi 
cavalry,      lu   Geniumy,   it  i,^  5(*0  cubic  ^^i. 

The  wash-rooms,  urinals,  and  latrines  ^^liould   be  plac«l  with  dtnl 
reganl  to  iotivenience  and  to  jijeneral  hygienic  tMinsiderutioD& 

Veutilutimi   should  be  planiUcHl  with  a  view  to  the  frreatej^t 
reiluetinii  t>f  the  natural  impurities  due  to  occupancy,  but  >*itb  ifct 
ent  euliie  i^paec  allowance,  whatever  the  f*yi>teni  employed,  ideal  i 
nmnot  be  attaine(J.     Barrack  life  is  Deoessarily  one  of  overcnun 
but  the  eonditioiLs  which  now  obtain   are  far  superior  to  those  whS 
fnniierly  jirevuile<l.     The  evils  oi'  overcrowding  of  noldiers  were 
brought  to  liglit  by  au   iuvestigatiiiu  of  the  health  of  Britbh  H\V\\i 
in  18oH.      It  was  shown  that,  whereas  the  mortality  rate  of  the  [ 
lation  oi'  England  and  Wale^^  of  the  same  age  a^  the  army  vnas  9.2  i 
town  ami  count r\'  and  7.7  for  (.*ouutr\^  alone,  and    12.4   for  the 
unhealthy  town  ( Munches ter),  that  of  the  ditlerent  amis  of  the  ^ 
mngwl   from  11    ftir  the  honseliold  cavalr>'  to  120.4  for  the  fr*<^t^M 
Accoixling  to  age  jieriods,  the  mortality  was  distributed  as  follows; 

Ages  .0  to  ^.  ^  gt,i(iier« 17.0 

Ag^25tQ30,|^y5l^'*-   '    '  ,l\ 

^  \boldien«       .......  IM 

>^«>»o=»-{^!r:    : : : :  •  •  }^f 

^^->^{S^:    .:     {^J 

Since  the  soldiers  were  picked  men,  all  applicants  with  any 
of  weakness  or  tendency  to  disease  being  rejeetcxl,  these  data  ii 
a  serious  condition  of  affiiirs.  t'cmiparison  was  made  with  tbt'  raW 
obt;iijiin^r  nmong  the  class  of  agricultural  laborers,  tlieir  work,  hketh 
of  the  stildiers,  bcinir  mainly  c»nt  id'  d<:wi>.  It  would  be  exptx't^th 
the  latter,  l>cing  well  clothed,  boused,  and  fed,  and  given  frt^-  roedici 
care,  woukl  present  the  Iwtter  showing,  but  such  prt»ved  not  to  bet 
case,  fi^r  the  mortality  of  the  lab<*rer  beintr  cxpn*sse«l  si^  1,  thai  of  1 
household  ciivalry  was  L8,  <lragoons  2,2,  inlSuitry  of  the  line  2.i*»50 
footguards  o.-'l  ( Vmipnrison  with  men  iu  tether  o<vn|iations  s1jo\i 
that  tiic  soldiers  prcscnttHl  the  most   nntavonible  stiitistics, 

Tntjuiry  as  to  the  cjiuse  revenled  tliat,  whereas  among  civilians  at  \ 
Hildicrs*  nges  the  dc^iths  from  diseases  of  the  hnigs  were  6.8  \wr  Kl 
they  were  7.<\  10.2,  and  13.8  resjH*<"tively  for  the  cavalry,  iufantrjM 
the  line,  and  guartls  ;  a!i<l,  furtherm<u\%  that  of  the  entire  numlx^r  < 
ticjjths  from  rdl  causes  in  the  army,  the  |>roportion  due  to  Uing  di}*«st3< 
anlt^unt^Hl  to  r>;|,0,  57.3,  and  ri7.7  j>er  cent,  respectively  in  the 
cibove  menliomxh  Finally,  by  cxchi>ion,  the  nuise  of  this  grc:it  ro^ 
tality  was  attributwl  to  oveivrowdin^  and  lack  of  ventilation.  0>i 
parison  of  the  mortality  of  the  army  at  home  with  that  of  die  tri»<>| 
<juartered  before  Sel>astopu1  in  18o6  was  much  in  favor  of  the  IflttcfJ 
The  rates,  reckontJ  j»er  annum,  were  as  follows :  B«?fi»re  iSi4ki.4o|joI,1 
including  death  by  vii^lence  and  accident,  12.5;  at  home,  17.9  (in' 
tr)*),  and  20.4  (guanls). 
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Increase  in  span*  allowanor?  wa8  amm  folIowetJ  by  a  mjirked  decrease 
in  phthinm  morbtlity. 

TeEts. — III  tht^  Uiiiffnl  Statf><  Arm\%  tour  kinds  of  tents  are  iistnl ; 
1.  The  ami  (ml,  or  niiKlitio<l  Sibley,  tent.  This  is  Itj  feet  ij  inelies  in 
diameter  at  the  base;  wall,  ;i  feet  high  ;  apt*x,  10  feet  from  the  floor; 
the  area  af  the  fliM)r  equals  212  84|uar(-^  fe<4  ;  the  air  s|me*j,  14'>0  rubic 
ftrt ;  allowanee,  20  iiitantiT  <ir  1  7  eavalry.  The  original  Sililey  tent 
had  ii  diamet4T  of  18  ftvt  at  the  base  and  was  III  feet  high.  The  ajH-x 
wa8  eut  ofl'^  thus  giving  plaee  to  a  eireiilar  aiH^rtni-e  whieh,  tieing  lefl 
o|>en  in  fair  weather,  pmmoted  v^entilation.  In  fonl  wt^ather,  it  wsi8 
eovereiL  The  a]lt»\vanee  wus  the  same.  2.  Common  tent,  **  1  **  nr 
modirted  '*  A,"  Wall,  2  feet  high;  base,  8  feet  4  inches  hy  (»  ieat  10 
inehe« ;  ridge,  6  ft^t  10  inches  from  the  gniaind  ;  ftcxir  space,  57  square 
ffet ;  air  sjmee,  250  eiibie  feet;  allowance,  4  mounted  or  0  infuntiT. 
il.  Wall  tent.  Wall,  3  fi.*et  9  inches  ;  floor,  9  i?([uare  feet ;  ridge,  8 
feet  H  inches  above  the  ground  ;  floor  s)miT,  81  s<jiuire  teet ;  air  space, 
500  cubic  feet ;  coveri'd  by  fly  <»r  false  nx>f.  4.  Shelter  tent*  These 
are  issued  to  trooixs  in  the  field,  and  are  not  regarded  as  tent  allowance, 
bnt  arc  provideil  in  order  that  men  and  ofliccrs  in  bivfaiac  while  on 
active  campaign  nr  fui  the  mareh  with  deficient  means  nf  tninsjKU'tation 
may  be  shelter* hK  One  forms  a  shelter  for  2  men,  vin:]i  of  whom 
cjirries  his  Lnlf,  which  weighs  about  2 J  pounds.  The  piceei*  are 
joined  together  by  buttons  and  put  over  a  ri<lge  pole,  which  is  s«}>- 
j><iii<Hl  by  iipriglits  nboiit  4  feet  liigh.  The  corners  ai^c  iastcned  to 
jTcgs  driven  into  the  ground,  and  tiie  uprights  are  steadier!  by  guy 
lines.  Hospital  tents  arc  wall  tents  c>f  a  larger  size;  they  may  be 
ehiseil  or  <jpeii  at  the  ends^  aiul  sexenil  may  be  joiuc<l  together S4j  as  to 
make  a  aaitinuous  whole.  They  are  14x15  wnth  a  41 -foot  wall; 
ridge,  12  feet  from  the  grt>und. 

The  English  army  ns<-s  the  circular,  or  bell,  tent.  Diameter  at  base, 
12  feet  f>  inches  ;  walls,  1  foot ;  apex,  10  feet ;  fl*K)r  sjmee,  123  square 
feet  ;  air  Bpace,  402  cubic  feet  :  allowance^  12  to  Ifl  men,  and  in  war 
lHto20.  Formerly,  the  ventilatinn  was  practically  nil,  but  now^  it 
has  be<'n  somewhat  imprnvisL  Tlic  French  army  uses  a  similar  tent, 
ventilat<il  at  the  toj).  The  air  spier  is  lOoJf  culuc  feet  ;  allowauw, 
16  men.  The  Grermau*^  use  a  conical  tent  like  the  Englir^h  l>ell  tent. 
Diameter,  under  15  feet;  apex,  12  icQt  from  the  ground  ;  fliMir  space, 
IHO  sc|Uitre  feet;  air  spa<t^,  1050  i-ubic  feet;  allowance,  15  men. 
They  use  alM>  small  hivouae  trots  designed  to  shcltrr  2  or  more  men. 
Tlie  diflei*ent  parts  are  distribute^:!  among  and  carried  hy  the  men  who 
are  to  use  them. 

It  will  be  obs<*rvtHl  that,  of  the  four  armies  mentlouc^l,  ours  is  the 
most  liberal  in  point  of  air  spaee,  the  minimum  allowiuice  in  tlic  larger 
tents  being  72 A  culiic  ft^t^  agsiinst  a  maxifimm  of  41  in  the  English 
service,  <)*>  in  the  French,  and  70  in  the  tierruiin  serviet*. 

The  raateritd  of  which  tents  are  made  is  cotton  duck,  w  Inch  has 
]>roved  in  be  niueli  better  ff^r  slicdding  water  than  linen,  (ompira- 
tively   tittle  vt^ntilation   «x*curs  through   this  material   under  tlie  best 
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of  circumstanoes,  and  none  at  all  when  it  is  wet  by  rain,  for  then  it  is 
impervious  to  air.  Ventilation  of  tents  is  always  defective,  aodoom- 
nionly  the  atmosphere  becomes  exceedingly  foul.  Since  there  is  80 
little  ventilation,  it  is  nccessar}'  that  the  sides  should  be  kept  luaed 
glaring  the  day,  in  order  that  thorough  airing,  and,  if  possible,  sunniog 
may  occur ;  and  at  night,  when  practicable,  the  sides  to  leeward  should 
be  open,  and  the  others,  too,  if  advisable. 

Dr.  Edward  L.  Munson,  U.  S.  A.,*  has  suggested  improvements  in 
the  regular  tentage,  and  especially  in  the  hospital  tents,  for  service  in 
our  tropical  possessions,  since  the  several  forms  in  use,  al^H)!^ 
well  adapted  to  our  climatic  conditions,  are  intensely  hot  and  cloee  m 
the  high  temperatures  and  humid  atmosphere  that  there  obtain.  He 
proposes  enlarging  the  tent  fly  of  the  hospital  tent  2  feet  in  length 
and  4  in  width,  and  that  it  be  raised  upon  a  light  felse  ri<^,  4 
feet  longer  than  the  true  ridge  and  projecting  2  feet  to  the  front  and 
rear.  Further,  he  proposes  that  the  canvas  forming  the  top  of  the 
teut  be  cut  out  for  a  space  2  feet  wide  on  each  side  of  the  ridge  and 
running  the  entire  length  of  the  tent,  except  1  foot,  front  and  rear, 
the  canvas  thus  removed  being  replaced  by  heavy  rope  netting  with  a 
2-inch  mesh.  In  order  better  to  reflect  the  heat  rays,  the  fly  should 
be  made  of  white  canvas,  the  tent  itself  being  of  dark  canvas,  with  a 
view  to  subduing  the  light  in  the  interior.  An  experimental  tent, 
made  under  orders  of  the  Surgeon-General,  was  pitched  within  a  few 
feet  of  a  regular  hospitiil  tent  and  a  regular  conical  wall  tent,  for  pur- 
poses of  comparison.  Thermometric  observations  showed  an  average 
difference  of  7  degi*ees  in  favor  of  the  improved  tent,  which  wjis  never 
less  than  4.5  degrees  cooler,  twice  was  >^J:)  degrees,  and  once  lO.") 
degrees  cooler  than  the  regular  hospital  tent.  Compared  with  the 
conicid  wall  tent,  the  temperature  ranged  9.5  to  18.5  decrees  lower 
in  the  improved  tent,  which  difference  "  means  in  the  tropics  all  tbf 
difference  between  comfort  and  distress  for  the  well  and  such  relief 
from  great  and  depressing  heat  as  would  do  much  to  bring  about  recov- 
ery in  the  sick."  The  experimental  tent  demonstrates  that  no  tent 
should  l)e  issu(Hl  for  use  in  the  tropics  without  the  protectii>n  afforded 
by  a  fly.  The  U.  S.  A.  Board  of  Equipment  promptly  adopted  the 
improved  hospital  tent. 

Dr.  Myles  Standish,  M.  Y.  M.,^  first  called  attention  to  the  inten>e 
white  glare  to  which  the  occupant  of  the  hospital  tent  is  subjected  fn>ni 
the  covering  above  his  head,  and  which  must  be  a  source  of  actual 
injury  to  eves  alre^idy  in  a  jxithological  condition.  Reasoning  from 
general  laws,  he  recommends  a  pale  blue  or  an  olive  green  as  the  safei't 
color. 

In  India,  the  British  use  a  tent  with  a  double  fly,  having  an  air 
space  of  237.'5  cubic  feet  and  accommodating  16  healthy  or  8  sick  men, 

*  Tentage  tur  Ti-ojucal  ^Service,  lioston  Medical  and  Surgical  Journal,  Nov.  IH,  l^'^. 

I'- ■*•'*"  .  .  .  .    , 

'^  Color  the  Canvas  of  IIos^>ita]  Tents.     Reprint,  Transactions  of  the  Association  oi 
Military  Surgeons  of  the  Unite<l  Stales,  1H96. 
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*«iliich  gives  a  far  greater  allowance  of  space  than  in  the  8er\'ice  else- 
^Miere.  For  field  service,  tents  of  686  cubic  feet  capacity,  accommo- 
Hilin^i^  16  British  or  20  native  soldiers,  and  smaller  ones  of  ^^92 
^bIhc  feet  capacity,  accommodating  8  British  or  10  native  soldiers, 
■min  use. 

pr  Tents  are  arranged  best  in  short  single  lines,  the  individual  tents 
^~laiig  distant  from  each  other  at  least  once  and  a  half  the  tent's  diam- 
i^ter;  the  inter\''als  are  not  fixed  by  r^ulation.  If  possible,  the  tent 
bfcould  face  the  east,  so  that  when  the  day  is  advanced,  the  southern 
[^vall  may  be  lifted  so  as  to  admit  the  sun's  rays  to  the  whole  of  the 
'Interior.  Each  tent  should  be  ditched  as  soon  as  it  is  placed  in 
position. 

The  tent  ditch  should  be  6  inches  wide  and  4  deep,  and  should  con- 
nect with  the  company  ditches,  and  these  in  turn  with  each  other, 
limning  a  complete  system  of  surface  drainage.  All  surface  drainage 
from  higher  ground  should  be  prevented  by  being  intercepted  and 
turned  aside. 

The  floor  of  the  tent  should  never  be  lowered  by  excavating,  for 
men  should  sleep  above  the  level  of  the  ground,  and  never  below  it. 
If  the  soil  is  not  quite  clean  and  firm,  it  should  be  dug  out  to  the 
depth  of  about  a  foot  and  replaced  by  clean  gravel  or  sand,  if  such  is 
<>teunable,  and  then  covered  with  boards.  Elevated  platforms  are 
eminently  desirable,  and  tents  not  so  provided  should  be  moved  ever}' 
week  to  the  open  spaces  between,  so  that  the  sun  may  exert  its  purify- 
ing influence  and,  together  with  fresh  air,  may  put  the  vacated  sites 
again  in  a  condition  for  occupancy.  The  floors  of  the  tents  should, 
when  possible,  be  covered  with  loose  boards,  if  these  are  obtainable ; 
and  occasionally  the  surface  of  the  soil  should  be  seraj)ed  and  replaced 
with  clean  gravel  or  sand.  In  malarial  and  yellow  fever  district^?, 
nettings  to  exclude  mosquitoes,  es{)ecially  at  night,  and  individual 
netting  on  light  frame-work  for  the  protection  of  the  head,  the  other 
parts  of  the  body  being  protected  by  clothing,  will  be  found  to  have 
great  influence  in  checking  infection. 

Huts. — During  cold  weather,  wooden  huts  are  much  Iwtter  adapted 
for  occupation  than  tents,  and  have  come  into  extensive  use  in  the 
€^rman,  French,  and  English  armies,  both  in  war  and  in  time  of 
peace.  The  use  of  log  cabins  is  advocated  by  Colonel  Charles  Smart, 
M.D.,  U.  S.  A.,  to  house  4  men  apiece.  The  inside  dimensions  given 
are  13  X  7  feet ;  walls,  6  feet ;  ridge,  10  feet  from  the  fl(H)r ;  the  door 
to  open  in  the  middle  of  one  side ;  the  chimney  opposite  the  d<x)r  out- 
aide  the  wall ;  tlie  roof  consists  of  ojinvas  14x12  feet,  with  a  larger 
fly.  This  is  r^arded  as  the  In'st  size  and  allowan(»e,  but  the  ])resent 
tactics  require  squads  of  8,  for  whom,  aeiNmling  to  Wo(Mlhull,  "  there 
should  be  two  huts  8X11  feet  end  to  end,  (>  feet  apart,  with  one  con- 
tinuous roof  and  door  in  the  adjacent  ends,  but  not  midway.  The 
chimney  should  be  in  the  middle  of  one  long  end.  Two  ])latforms 
each  6^  X  4J  feet,  one  lengthwise  and  one  across  the  end,  would  a(v 
eommodate  2  men,  sleeping  with  their  htnuls  adjacent.     The  eovere^l 
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pnmli  Ix'lwtH^n   the  \m\^  wmild  br  f]   ^:  \)  feet  in  the  clear,  the  f^lefpiu^l 
plattltnii   he  o|>en   lieiicsitli,  utul  under  no  pretence  t^hnitld  twoftori 
blinks  Ik*  sdliWHi: '     On  daiiop  sites,  the  walls  should  be  raL**il  a 
fnim  the  suHace  ;  but  ou  iXry  suil,  thi>y  may  l»e  built   direetly  m  tl 
ground  level,  the   soil    welt    jwrnndtd   duwn,  covcrod   with  sand 
gravel,  and  eonerett^l. 

Tlie  tloor  of  the  huts  ndsod  fmni  the  ground  igi  made  best  of  fiplH 
dresse<l  h^gs.     T\\v  C4invas  roof  and  fly  ai'e  attached  in  such  a  war  ri 
they  may  reii*lily  be  reitioveil  wlieu   it  is  desired  to  admit  the  !?uii 
the  interior.      Ptirtable  huts  may  be  furoishetl,  having  frames  of 
or  inuK     The  Ciernian   Initio  ai'e  made  with   wcKxlen   or  iron  & 
rnvered   with  felt  and  lined  witli  canvas.     They  are  easily  vcntilat 
and  warmed,     Tlie  Freiicli  luits  ai*e  made  circular  in  sha|K";  the  wall 
are  of  Ixjunls  with  glass   windows.     They  are  ejusily  ventilated 
hciit^xl      The  huts  should   he  at  least  10  feet  apart  at  the  eink 
the  iutcrspiicirs  should  l>e  carefully  protwtcd  from  ]Killutiun. 

Water  Supply. — It  ^c^K^i^  \^  ithout  Siiying,  that  one  of  the  first  eoasij- 
enitious  in  the  establishment  of  a  jK^rmauent  e^inip  is  an  adeqiiHte  4ii»- 
|ily  of  jH>tjdjle  water,  which  subjeet  is  i)resentt^H]  elsewhere.  It  if*  cus- 
tomary to  allow  at  least  o  gallems  per  ciH)it;i  |x*r  diem  for  all  purjunes, 
and  as  nuieh  nnn-e  us  is  praeticahle.  Water-i-lcisets  and  Imths  rct|uirf, 
naturally,  a  very  gc^uerous  nllowanw.  Htispitak  rtHjuire  much  m^n* 
{KT  eapitii  than  liarraeks.  For  lairses,  from  5  to  10  gallons  perili«n 
aiv  required.  In  general,  it  may  be  sm'd  that  the  rnure  generuUf  tim 
supftly,  the  greater  the  gont^iil  eh'aulint'ss  nm\  etiieiency, 

lu  tcmptimry  etuups,  the  sujijily,  both  as  to  ijunlity  and  quantity  ' 
determiucnl  by  natural  conditions,  and  must  Ik^  taken  as  it  is  l-ii 
If  puriHcatiou  of  that  intended  fur  drinking  appears  to  be  nciTSsaiT, 
th(*  methods  mentioni^il  in  the  eonsidcratioTi  of  the  subject  of  W3t<T 
supplies  may  Ix'  ailopttnl  aee(»rding  to  avinlabrlity.  The  simplest  ait 
boiling  and  the  npplication  nf  alrnn,  w^th  subsctptcnt  filtration,  if  ps'^i- 
bk%  throiigh  sand  lield  in  suitidde  receptjicles  such  as  half  birn-ls  with 
jierfonitions  through  their  bottoms.  The  so-called  **  meehanicail  fil- 
ters," so  rnuc*h  usfxl  in  the  piu-ifimt ion  of  public  water  suppli*^.  an* 
more  eiti^ient  and  c<mvcnient.  Exp<'rience  has  shown  that»  no  rn:it- 
ter  how  urgent  tlie  necessity  for  earr  in  the  avoidance  •»f  [>oUuii<»n  nf 
water,  it  is  always  difficult  to  prevent  s<»nic  of  tlie  m<»n  from  ix'i'klcs?^ 
ness  in  drinking.  The  o]»eration  of  purific4ition  i^hould  be  in  the  iw- 
modiate  chargt^  of  a  non^commissione*!  oflioer,  properly  instructed  arHl 
with  a  suitable  detail. 

Sewerage. — The    iutnMhiciion  of  an   abundant    water  supply  in  a 
camp  is,  of  course »  tbllowi>d  by  more  or  less  lavi.sh   u^c  of  water  fr^f 
all   general   puqioses,  and  tiiis   nct^e^sitatcs  a  system   of  sewenigr  ^^^ 
carrying  r»ff  liquid   waste  nnd   human  excreta.      Camp  sewers  sli»'«M 
be  cou<tnietcd  in  a  prc»pi*r  manner  of  bricks  or  dra in-pi f>e,  ami  »k'\''^      i 
of  w*M>tb     The  metlKwl  of"  Jioal  disposal  of  the  sewage  at  the  iMitfell^H 
will   depend    upon    individual    el  reum  star  ices.     All   |)er[naneDt  camp^^ 
j-lionid  l>e  projMTly  s<nvere<l. 
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III  case  of  outbreaks  nf  typhoid  ibv^r,  cholera^  or  other  iliseused 
of  the  same  general  class,  the  excreta  should  be  diHiiifeeted  Ix'ffire 
being  othervvist*  dispiswl  vi\  In  army  jirartice,  ehl^iride  of  lime 
4  per  cent,  and  earlKilie  arid  5  |H^r  cent,  art'  eoniriiouly  used,  wkh 
Avejiker  solution  of  airixilic  arid  and  e<irrosive  subliiiiate  1  :  10<)0  for 
washing  floors  and  articles  of  furniture  or  for  soaking  soiled  clothes. 
Milk  of  lime  is  highly  t^«  l>e  recommended  for  excreta,  as  is  also  for- 
ma Idrliyde  solutitjn,  if  it  can  Ih'  rjbtaiiie<l.  The  Manual  fur  the  Meil- 
ical  I)e]>artment  says  on  this  point  :  '^Sulpliute  of  iron  and  other  cheap 
antiseptics  and  deodorants  may  be  U8e<l  when  nei^essar)'.  But  ttie 
necessity  for  their  use  is  ii  reproach  u[wn  the  sanitary  fxilice  of  a 
post,  and  shoulil  only  be  requiiiHl  under  exeeptituial  eireuni stances, 
Tlie  alviue  dischargi's  of  heidthy  jM^^rsons  do  not  rec[uire  disinfection, 
;ind  when  proii4?rly  disposed  ui\  do  not  require  treatment  with  any 
<?hemicjd  agent  whatever.  If  water-closets  or  earth-closets  are  oft*en- 
iiive,  this  is  due  to  faulty  construction,  to  insufficient  supply  of  water 
or  dry  earth,  or  to  neglect  of  ordinary  elwiniiness.  The  atteni|)t  to 
renieily  sueli  dctl'cts  by  the  systematic  use  iif  antisej>ti(*s  is  exjK^isive 
and  luisatisfactury  in  its  resulLs.  The  same  is  true  ut'  foul  drains,  bad 
smelling  urinals,  acenmulations  of  garlmge,  etc.  The  pmjier  reme<ly 
fiu'  such  eonditious  is  cleanliness  ami  strict  s^initary  i>olice/* 

When  tliei'e  is  reason  to  Ixdieve  that  infeetions  tiiseas's  are  present 
in  e^mi|js,  t!ie  latrines  and  cesspiols  sitould  Im?  <lisinfected  with  milk 
of  lime  to  the  extent  of  one-twentieth  of  their  contents^  to  which  should 
hi'  adde<l  every  day  an  amount  espial  U*  at  least  a  tenth  of  the  daily 
uildition  of  excrement.  Hospital  sewage  is  dimgerons  enough  to 
\v:ui"ant  treat nu^ut  on  the  s[>i>t  witli  disinteetants. 

In  the  absence  of  a  regular  system  of  sewerage,  Sternlx^rg  reeoni- 
niended  eylindriail  gtdvanizwl  iron  vessels  18  inclies  in  depth  nnd 
<li:imeter;  witli  a  trough  around  the  up}x»r  end  11  inclies  dwp,  ^\UA 
with  disinfectant.  Into  this,  the  eovcr  fits,  luid  thus  serves  as  a  valve 
and  prevents  the  c^eafM*  of  foul  mlors  and  the  erunmee  of  flies.  A 
Si^cond  iHiver  with  a  hole  serves  as  a  seat.  The  receptacle  is  to  be 
partly  filh^d  with  carliolic  solnticui  or  the  contents  are  to  l>e  treated 
with  etiustic  lime,  or  ashes,  or  dry  earth.  These  vessels  should  he 
removt^l  at  regular  times,  and  clean  ones  shtmld  l)e  substitutcil  wliile 
tiiey  are  removi'^b  emj>tied,  and  cteaiUHh 

Sinks  and  Latrines. — A  sink,  in  militar}^  parhuKx\»  is  a  C50SSIXm>1  or 
pri\y  vault  in  a  ttMu^Mimry  camp;  usually,  a  trench  from  twelve  t*> 
fifteen  feet  in  length,  about  two  fi'ct  in  width  and  eight  in  depth,  with 
the  earth,  which  has  Ikmu  tlnvnvn  up,  pili^t  ah»ng  one  side.  The  rtHjni- 
site  numl^er  shouhl  be  dug  before  a  camp  is  occupied  i>r  as  *]uickly 
tlici"cafter  as  p<jssiblc.  They  should  \w  placetl  to  lee^va^J,  or  in  such 
position  tliat  the  lUTvailing  winds  sliall  not  convey  the  fMlur  tlM'refriun 
over  the  eompany  nrcas,  tind  they  sfiould  never  be  plaei^l  near  existing 
wells.  Th<'y  sliould  not  hv  placed  any  Jartlier  away  from  the  men's 
quarters  than  is  absohitt*ly  nei'essar>\  For  convenience  of  us4^,  a  stnjug 
|)ole  is  laid  horizontally  on  upright  forks  at  the  proper  height  and  on 
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the  side  opposite  the  excavated  earth.  The  latter,  kept  a?  diy  as 
possible,  is  thrown  back  each  day  over  the  deposited  excreta,  often 
with  caustic  lime,  chlorinated  lime,  or  ashes. 

Behring  ^  recommends,  in  case  of  necessity,  from  5  to  7.5  liters  of 
milk  of  lime  for  each  250  men ;  Pfuhl  ^  advises  400  oc.  per  nuuL 
The  addition  of  chlorinated  lime  possesses  a  double  advantage,  anoe  it 
not  only  acts  as  a  disinfectant,  but  also  serves  to  drive  way  flies,  whick 
otherwise  collect  and  may  become  active  agents  in  the  spread  of  infeo- 
tious  disease. 

Small  sinks  for  each  company  are  regarded  as  much  better  on  sevenl 
accounts  than  one  or  more  large  ones  for  each  regiment.  They  afford 
greater  privacy  when  enclosed  with  brushwood,  and  are  generally  better 
looked  after,  since  the  responsibility  for  their  care  is  more  definitdy 
fixed.  When  filled  to  within  two  feet  of  the  surface,  the  remaining 
earth  should  be  thrown  in  and  rounded  over,  the  site  marked,  and,  it 
the  same  time,  new  trenches  prepared.  On  breaking  camp,  all  sinks^ 
however  little  used,  should  be  filled  up  and  marked. 

When  the  probable  stay  is  to  be  more  than  of  a  few  days'  duntioii» 
the  horizontal  poles  are  commonly  replaced  by  box  seats,  open  at  the 
back.  In  winter,  the  trenches  should  be  completely  covered  by  box 
seats  with  covers  ;  hinging  of  the  top  or  rear  side  will  be  necessaiy  for 
the  proper  throwing  in  of  the  excavated  earth. 

The  word  latrine  is  commonly  used  as  synonymous  ^-ith  «ni.  It  b 
properly  defined  as  "  a  privy  or  water-closet,  especially  in  trough  form 
accommodating  several  at  the  same  time.''  ^  A  further  description  of 
a  latrine  is  elsewhere  given  (see  page  612).  Ijatrines  are  more  com- 
monly installed  in  barracks  or  permanent  camps.  They  require  fre- 
(juent  flushing,  if  connec»ted  with  a  system  of  sewerage,  and  firequent 
oraptying  and  cleansing,  if  not  so  connected.  The  seats  and  floors 
should  Ix*  kept  thoroughly  clean  by  perio<lical  washing ;  twice  daily  is 
strongly  recoramendiHl. 

ITrinals  apart  from  sinks  and  latrines  are  installed  in  both  penna- 
n(»nt  and  temporary'  camps,  and  in  both  it  is  essential  that  they  be  of 
easy  access,  and  their  use  com[)elled  on  account  of  the  nuisiince  arising 
from  indiscriniinate  voiding  of  urine  on  the  ground  and  of  the  po«3- 
bility  of  the  dissemination  of  typhoid  fever  by  the  urine  of  ambula- 
tor}' cases  of  that  disease  and  of  convalescents  therefrom.  In  inclement 
weather  and  at  night,  all  parts  of  a  camp,  and  especially  the  company 
areas,  are  liable  to  urinary  contamination,  which  should  be  prevented 
as  i\\v  as  possible  by  stringent  rules  and  constant  vigilance. 

Inspectionfl. — Under  the  Army  Regulations,  an  annual  insi)ection  o\ 
the  buildings  at  every  post  is  made  by  the  commanding  officer  and 
(juartermaster  on  the  first  day  of  March,  and  immediately  afterwanl 
a  report  is  submitted  giving  a  description  and  showing  the  condition 
and  capacity  of  each  building,  and  the  (character  and  extent  of  any 
additions,  alterations,  and  repairs.     Sanitary  insjx^ctions  are  more  fre- 

'  Zeiti^hrift  fur  Hygiene,  IX.,  p.  396. 

"  Ibidem,  IV.,  p.  97.  *  Standard  Dictionaiy. 
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€|iient  and  more  searchinjr  in  rlianictor.  The  surtroou  is  requirod  to  ex- 
aniine»  at  lejist  oncp  ii  montJj,  nm\  to  inite,  in  the  meliail  hi.storv  (tf  tht' 
poM,  tho  ,^unitarv  condition  of  ;dl  ]>uhlio  l>nihlinjrs,  tlir  ih-ainage,  sew- 
t'nijii:(\  anicimit  and  ijiiality  nY  wjit^T  supf^ly,  rlothiu^  and  the  habits  of 
th*:*  mi'ii,  atid  rhurai'tcr  and  <'*»okin;j:  of  tlir  t'oml^  and  itnnit^h'atelv  after 
Midi  oxauiiiiution  to  rei>i^rt  tlii-i'L'on  in  writing  to  thf  4'ommaiuh ng 
iiHiwr,  with  s^uch  recommendiilions  as  he  may  deein  propi^n  Super* 
HriiU  iiispei'tion  is  not  enontrli,  for  tvory  thing  may  h>ok  el  pan  t*xter- 
nally  and  yet  the  j^Mjeral  cnndition  may  \w  had* 

The  eonditimi  of  the  air  i.*^  of  mueh  more  inip^rtaiiw  diirinj^  the 
sleeping  hfuirs  than  during  tlie  day  ;  thorefore,  vt'iuihition  .shouhl  he 
invt^stii^atal  at  night.  Wall?^  and  floors  j^hould  bo  wirefuily  examined, 
esjHvially  if  they  ai-e  made  of  porous  niateriaL  Walls  fnund  to  l)e 
etnitaminattHl  with  orgimie  Hlth  sljould  he  semped  and  then  thoroughly 
whitewasluxl,  Tlie  floors,  whether  of  Ijarraeks,  tents,  nr  hnts,  should 
be  Hcrupulously  elean  and  dry  ;  the  bt^ldiiig  should  be  free  from  damp- 
ness;  the  sj>are  elr>tlung  and  the  men  them>  elves  and  their  elothiiig  in 
use  should  he  elean.  Tlie  site  and  inime<liate  surroundings  of  every 
|K*nnitiient  or  temporary  strueture  slundd  be  examioeil  with  j)artieular 
ri'ferenee  to  the  drainage  ami  genend  t!<:)nditiou  of  the  s^oil. 

Sanitary  Police*— Kxet^.^hngly  striet  sanitary  poli<;ing  is  neeessant'  to 
keep  a  eamj)  in  a  healthy  e»>nditiurj.  The  resptiusilijlity  f<tr  eondition 
rests  with  the  i'ommanding  oflieer,  hut  is  sharcnl  in  by  the  ettmpany 
offii-ers,  who  nmst  look  after  their  quarters  and  men.  Under  the  title 
of  "offieer  of  the  day,"  company  eommanders  i^rve  in  turn,  each  for  a 
ilay,  in  chargtM if  general  sjmitatifm,  and  e*ieh  is  responsible  t<ihis  com- 
manding offieer  for  the  f>rder  and  eleiudiness  of  the  ramp  rm  the  day 
of  Iris  stn'viee. 

It  luLs  been  demonstrattHl  re[M^atedly  that  untrained  or  inexjRn'ienetJ 
soldiers  eannot  be  dej>ended  ujx>n  for  thorough  cleaning  <ir  keeping 
things  clean,  for  they  do  not  know  hnw  to  take  aire  of  themselves^ 
IxK-anse  at  home  they  are  hmki^!  after  by  others  ;  and  unless  sanitan^ 
p^lli^■e  Iw  very  strict,  a  clean  an<l  everyway  giHHl  natural  site  may 
<|uickly  l)e  contaminated  and  made  unbeidthy.  Kntil  dis<-ipliue  is  well 
establisin?d,  the  enforcement  of  proper  sanitary  regnlatitms  is  extremely 
tiitficult,  for  while  they  may  be  most  carefully  tbrmulatixb  the  neees- 
sary  orders  are  dittieult  cd'  enfnreement.  Even  with  the  ntninst  cure 
and  vigilance,  eoutami nation  of  the  site  is  only  a  question  of  time,  but 
the  m(»re  eflieient  the  system,  the  longer  is  that  time  deferred^  A  eamp 
in  which  no  attention  is  paid  to  t^leanliness  of  the  t^onipany  strc\*ts  and 
to  habits  «*f  f>erscmal  cle^inliness  is  suit  to  Iw  an  unhealthy  one,  and 
men  who  will  i>ermit  such  eouditi(»ns  to  olvtaiu  are  commonly  bad 
soldiers  in  every  sense  of  the  wonl,  with  no  ejiprit  de  cot*^,  slovenly  in 
all  their  habits,  conspicuously  attentive  to  sick  t^tl,  and  with  no  respc^et 
for  themselves  or  their  su|H'riors. 

In  sueii  a  eainp,  the  devel**j}inent  of  epidemics  of  infeetiovis  iliscJises, 
particularly  typluiid  tever,  is  only  a  <j  nest  ion  of  time,  sini:e  it  netxlft 
only  the  intnuluction  of  the  s pee i fie  germ  and  favorable  opjxjrtimities 
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for  its  (lis.s€niiinatit»n.     Sinoe  this  cllsease  w  endemic  in  all  pam  of  tb 
t'oiintrv,  it  i^  not  stningc  that  ;imon^  largt*  numbers  of  men  hnmjjlrt  il 
troni  ditfeniit  ijuarters   tliere   slum  Id   l>e  one   or  more  carriers  of  i 
iidt^^tioiL      Iti  any  winip  iif  whatever  degree  of  efficieney  iu  soniu 
pnliw,  mdej?s  sueh  eujues  are  reci>gnized  at  onee  aud  their  excreta  < 
j>letely  disintected  or  otherwi>:e  dis|M»s*'d  of,  so  tlmt  no  djinger  nhall  ^ 
possible  theri^fnnn,  the  sit**  is  likely  to  J>ei'ome  |x»Hiited  and  the  Iwn 
to  he  distributed  tlu*on;fh  the  usual  apMieies. 

One  of  the  lirst  c.^seiitials  ut'  maintaining  cleanliness  in  camp  \y\ 
suHaee  di'ainagt\    If  the  soil  is  damp^  the  site  soon  btxximefi  an  r^tpiii 
of  nmc],  owing  to  the  constant  impress  of  liuudreds  of  feet.    Mud  i 
in   the  ennservatifui  tjf  refuse  and   tilth  which  it  enve!o|fc?^  and 
and  henre  arises  the  netn-ssity  fnr  etfiei*'iit   and  thoroug'h  diteliiag,  3 
ftir  filling  np   depressions  likely  t<*   retiiin  snrfac*e  water.     Thf 
pathways  and  sidewalks  should  t>e  made  ns  dry  as  possible  by  tbeap^ 
cation  of  gravel,  and   by  such  other  methfids  as  are  applicable  t<H 
iinliviilual  case. 

All  refuse  id"  whatsoever  kirn!  should  be  preventer!  from  aecumu 
within  the  lines  ;  everything  should  1m'  pnimptly  removed  and  dtj 
of,   if  jxtssible,   by  liuniing.     Kitchen   Refuse  should  be   dejw!»itcd 
eoventi  rci'cptacles,  wliich  slionld  be  carriftl  away  twice  daily,    (hil 
acconut  should  it  Iw  left  cxj>osed  on  tlie  ground  or  elsewhere,  sinoel 
only  d<«\s  it  spcHxliiy  develop  the  well-known   nausjieous  tHlor  of  ^ 
and  thus  become  a  rndMUKT,  l>ut  it   is  an  attraction  for  flie«,  whirli,  I 
their  investigation  of  all  sorts  of  filth,  inchahng  the  tleeal  disehai^l 
tl;e  siidvs,  ami  tlten  of  the  soldieiv'  food  both  in  the  kitrhen  andatrud 
have  agjiin  iuid  agiiin  ]UYive<l   themselves  to   be  hirgely  responsible 
the  spread  of  epidemic  diseases,  as  wit!  In*  explainiil  more  in  detail  oni 
later  page. 

The  final  disposition   r*f  kitrhen  refust*  is  often   a    proVdeni  frau^ 
Willi  serious  difficulties.     When  |»ossiliks  it  sln»uld  Ih^  burne<l  in  «>nt(*~ 
the  numerous  forms  of  ineiucnitMrs  devistd  for  tlie  purjuKse  ;  Imt  \m\ 
account  should  it  be*  spread  out  in  the  vicinity  of  the  apjiaratas  tiM* 
If  it    W    advit^hle    X\\    bury   :my   part    (»f    it,    at   whatever   di.^tan 
below  the  surface  it  is  depositech  it  sln*uld  bi*  welt  etiveretl  with  da 
earth.     The  tleeper   it    is   buriwl,   the    h»nger  will    it    re-^iftt  oiHDpl 
diH'om  posit  ion. 

Stable  manure  shonlrl  he  removed  every  rl;»y  nml  de|Misitt<l  at  at 
cieut  distanet^  and   in   snch  a  location  as  to  insure  that  it  sluill  imtlri" 
nnisaiuT  or  a  source  of  drmger  to    the  water  supply.      ln(*i»nibu>iil»l*^ 
harmless  refuse  shi>uhi  be  removed  (tut  of  sight,  and  not  Im^  allowid  I 
accumulate,  for  any  thing  ]irom<»ting   untidiness   of  ap|>ear;imT  iitvi 
iiildiii<»ua!  niitidiness  by  its  example. 

Considering  the  many  details  of  c^nnp  poIi<x'  and    lire  ni^H-^^^iti 
eoiV|HTation   on   the  part  of  mery  man,  it   is  not   strange  that,  iu  <H 
war  with  8j*ain,  the  hasty  gsithering  togt^ther  of  largi*  iKidtct^  of  w 
diseipliniHl  tnwips  from  all  parts  ol*  the  c^iuntiy-  int<i  large  improvb* 
e;unps,  largi^ly  under  tlie  control  of  inexix'rieneeil  i»ffieei's  both  of  ^ 
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lino  and  iMe^Iit*;tl  service,  was  I'oliiiwt^l  wry  *|in('kly  by  tlif  cmthreak  of 
i^pulemit*  ili^i'ases,  wliich  ciirritMi  oft'  lar^*  iiuinlH'i>  uf  men  who,  to  a 
certain  degree,  were  vietiiii.s  nt"  their  i^wn   eiirelc 
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side  by  mde  with  one  of  ivgulars,  was  invadtHJ  to  an  extrar»rdjnary 
derive  by  typhoid  fever,  whilo  the  re^nlare  were  ]iraotie*dly  fnie  fmni 
disease.  One  of  the  nu^tieal  r»ttieers  mformcd  the  aiuhtir  that  mo.st  of 
these  men  were  si>  tlirty^  hizv,  igaonmt,  inteni|Mi'"jite,  and  iininiaid,  that 
nr»thijig  short  of  an  extensive  e])idem»e  aniinig  them  eould  have  l>een 
exjiected,  and  was  ex]ieeteil  frt^ni  tlie  fitart.  They  saw  ^iome  aetiv*e 
8erviee,  ami  were  eonspienon,-?  fi  ir  ^euenil  ineffieieney  anel  laek  of  disei- 
pline,  Tiieir  ranks  were  rediu*iHl  very  largely  hy  disease,  and  the 
eiisnalties  were  [>ra(*tirLilly  nothintr.  The  snrvivors  retanaxl  to  eivil 
life  and  were  weleoaunl  as  hen»es;  tliose  wlio  perisiheil  in  eonsequeDee 
of  their  own  and  their  eiimrades'  revolting  liabit^  of  lite  are  enrolled 
with  tln>se  wdio  .saeritiee*!  tlieir  live.s  in  defenee  i*f  tlieir  eountry^s 
lioiior. 

The  necessity  of  constant  sufKri'vision  and  of  enforcement  of  dit^i- 
pline  has  he<^n  well  set  forth  by  John  S,  \\  ise,'  who  says  :  **  To  appre- 
eiate  fully  ttie  trntli  that  men  are  but  eliihlren  of  a  larger  gmwtli,  one 
rnnst  have  eommiyale<l  s^ildiers.  Without  constant  guidance  and 
government  and  [innishnieiit,  they  l>eeonie  careless  alMuit  ciotlie^^  food^ 
nnmiunition,  cleanliness^  and  even  jR-rsonal  safety*  They  will  at  onee 
eat  or  throw^  away  the  rations  furnished  for  several  days,  never  eon- 
Kidering  the  morrow.  They  will  (*jist  aside  or  give  away  their  ehithing 
liec*ause  today  is  warm»  never  eah^alating  that  tomorrow  they  may  l>e 
suHering  lor  the  lack  of  it.  They  will  o]>en  their  <tjrtridge  boxes  ami 
<lamp  their  cartridges  on  the  madside  Ui  lighten  their  load,  althotigh  a 
few  hours  later  their  lives  may  depend  upai  having  a  fnll  sup[»ly. 
When  tiiey  dnnv  tiieir  pay,  their  tirst  ol>jeet  is  to  find  some  way  to  get 
rid  cjf  it  as  t|aiekly  as  possible.  An  oflHeer,  to  lie  really  efficient,  must 
add  to  the  qualities  of  eon  rage  and  tirnniess^  those  of  mirse,  monitor, 
and  purveyor  for  grown-np  children,  in  whom  the  bunipfs  of  improvi- 
ilence  and  destrnetiveness  are  abuonnally  develojied.** 

A  striking  and  interesting  objc<;t-lc.s'^i ai  in  camp  sanitation  is  given 
by  Colonel  diaries  R,  (ii-eenlefif,  M.  D.j  Metlical  Ins]>eetor,  U.  S.  A.- 
Two  Ciimps  lfMtite<l  vcty  near  t<  get  her,  ncnirly  etpial  in  the  number  of 
men  contained  (about  12,0()0)jantl  with  the  same  conditii»ns  of  climate* 
sijil,  water  supply,  and  fofHl,  shnwe<l  very  dilierent  rcennls  of  mtvrbid- 
ity  and  mortality.  In  nm\  *^  the  fuen  were  scourged  with  sickness  and 
death,  and  large  mmd»ers  of  them  were  jiermauently  invalided  ;  local 
<  pidemics  Ixeame  general,  and  ,soon  the  entire  camp  was  i^i  thorough ly 
iiifeetcil  that  it  was  i*f  nc(x\ssity  abandoned/^  lu  the  i^ther,  *Mmt  little 
sif^kness  (tlw^  jiert^vntage  never  ex ea 'ding  five  and  a  half  of  the  aggrc- 
g;ite  strength),   few  deaths,  and  a   few  c-ases  |M_Tmanent]y   invalidal  : 

*  The  End  nf  !in  Enu  JWintiw,  lHOl^  p.  347. 

'  An  i  >bjet  t  Ia"ss<)|i  in  Militarv  Smiitutiou,  BoKtoa  Medicsil  and  Sui^icaJ  Joamal, 
Nov.  U,  m^,  p.  485. 
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local  epidemics  of  contagiou8  disease,  due  to  importation,"  wereqmckly 
controlled,  and  never  extended  beyond  the.  respective  commands  wbiA 
brought  them,  nor  did  a  single  case  of  infectious  disease  origiDate  in  die 
camp. 

The  difference  in  the  health  conditions  of  the  two  camps  was  due  to 
the  fact  that  in  one^  '^  the  advice  of  sanitarians  was  seldom  asked,  and 
when  asked  was  not  followed,  and  nearly  every  law  of  health  wn 
either  ignored  or  violated,"  while  in  the  other,  **  the  advice  of  sani- 
tarians was  freely  sought,  accepted,  and  carried  out,  no  pains  being 
spared  to  secure,  as  far  as  possible,  compliance  with  the  laws  of  health." 
The  benefits  of  sanitation  were  recognized  by  both  officers  and  men, 
and  the  advice  of  its  teachers  was  carried  out  by  all  to  the  fiillest 
extent. 

The  following  sanitary  regulations,  published  for  the  governing  of 
certain  model  camps  established  in  the  Presidio  Reservation,  one  for 
five  regiments  of  volunteers  returning  from  the  Philippine  Isbuids, 
one  for  four  regiments  of  out-going  volunteers,  or  about  5200  men, 
and  one  for  about  2000  recruits  for  the  regular  r^ments  already  io 
the  Philippines,  are  communicated  by  Dr.  Greenleaf.  ("  In  planmng 
these  camps  the  primary  objects  were  to  remove  the  kitchens  as  fiur  as 
possible  from  the  latrines,  to  provide  a  safe  method  for  the  dispoal 
of  excreta,  garbage,  etc.,  to  secure  means  for  the  personal  cleanlineee 
of  the  men,  to  heat  their  quarters,  and  to  supply  diem  with  an  abun- 
dance of  good  food  and  water.") 

"The  commanding  officer  of  the  troops  occupying  the  camps  will 
detail  from  his  command  two  sanitan'  inspectors ;  one  from  the  line, 
])referably  a  major  of  the  regiment,  and  the  other  a  regimental  medical 
officer,  whose  daily  duty  it  shall  be  to  jointly  inspect  the  regiment,  in- 
quiring into  the  general  police  of  the  comi>any  quarters  and  streets,  the 
kitchens,  the  food,  its  preparation,  quality  and  method  of  ser\ing,  the 
latrines,  urinals  and  sewers,  and  making  to  the  r^imental  conunander 
a  brief  report  of  any  unsanitary'  conditions  they  may  discover,  this 
report  to  be  forwarded  the  same  day  to  the  medical  ins})ector  of  the 
army  at  department  headquarters. 

"  One  medical  officer  and  one  hospital  steward  from  each  regiment 
will  Ik'  recjuired  to  be  present  for  duty  with  the  regiment  at  all  times 
of  the  day  and  night. 

**  A  daily  sick  call  will  be  held,  and  slight  cases  of  illness  treated  in 
quarters  or  in  the  regimental  hospitals  provided  for  that  purpose,  but 
all  men  who  are  likely  to  remain  sick  more  than  three  days  will  be 
pr(»in))t]y  sent  to  the  General  Hospitiil  at  the  Presidio  of  San  Fran- 
cisco. 

"  If  nny  case  of  infectious  disease  occurs,  the  fact  will  be  promptly 
r('j)orte(l  to  the  camp  surgeon,  who  is  authorize<l  to  make  proper  dispo- 
sition for  its  isolation  and  care. 

•*  An  ambulance  fully  equipjied  with  a  team  will  be  assigned  to  the 
ramp  by  the  commanding  officer  of  the  Presidio.  This  ambulance  will 
rciH)rt  daily  to  tlie  camp  surgcH>n  at  sick  call,  remaining  in  the  camp 
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duriujj^  the  day,  !^ul>jert  tu  his  nrtlers.  Under  no  cireiimstiiiK^eH  will 
this  aml>ulaiM*e  l>e  ose<l  ibr  any  othtT  purpor^e  tliaii  tlie  tninspyrtiition 
of  the  sifk,  r>r  intiliiiil  siijrplios.  The  I'tininnindintr  officer  of  the 
Prt'sidio  will  alsi>  etinsi*  another  arnhuhuiee  to  be  sent  to  the  eiimp  for 
Kerviee  at  ni^ht  time,  Thii^  aiidndaiiee  ^vill  reoiain  on  duty  from  re- 
tretit  to  reveille  for  ui^ht  emergeiiey  servic^\  AV^ben  the  night  amhii- 
lanoe  reports  for  duty,  the  day  amlailanee  will  be  relieveil  and  returned 
to  the  ])ost/' 

*K.'onipany  commanders  will  caution  their  men  agtiintst  exi^sure  to 
the  fog!4  and  high  winds  that  prevail  here,  es|>eeml]y  in  the  early 
morning  and  evening,  at  which  time  ovcrcoatii  will  be  worn.  Riding 
on  the  ^  dummy  ■  of  the  stri'et  ears,  es|>e<.*iaily  at  nighl»  h  [mrticularly 
haziirdmis  to  men  recently  returned  fii»rn  sen'iec  in  the  troi>ies,  (luard 
duty  and  other  military  i'lmetious  retpiired  at  tliese  hoin\s  will  be  held 
in  oveR»c^at8,  anil  at  brmkfast  and  supjK^r  the  stovei^  in  the  dining-rooms 
will  Iw  providiil  with  fires.  The  sjile,  by  civilians^  of  foixl  or  drink 
witliin  the  limits  of  the  i-anip  will  be  iorhidden, 

**  At  retreat,  urine  tubs^  two  to  cjich  ennipany,  wi!l  he  placed  in  each 
company  strwt,  and  men  desiring  to  urinate  at  any  time  during  the 
night  will  Im}  rwjuired  to  u«e  tlieiu.  Tlie  tubs  will  be  removed  from 
the  company  street  at  reveille  to  a  phice  convenient  for  tJie  smvengers, 
whfj  will  remove,  ek^n  and  place  lime  in  then)  for  use  the  next 
night, 

**  The  tjuartermaster's  departnieut  will  be  reijuiral  to  j)n*vide  an 
ample  force  t4'  sttU'cngers  tft  clean  the  latrines  and  urinal  troughs  at 
least  «mcc  daily,  and  to  refill  the  trougiis  with  milk  of  lime  ;  they  will 
also  remove  all  kitchen  garbage,  and  either  cremate  it  or  dispose  of  it 
in  such  place  as  the  quartermaster  shall  direct.  Paiiicular  care  will  be 
enjoined  on  company  t^cM^ks  to  keep  grease  tmps  clean,  and  to  deposit 
all  solid  garbage  in  cans  prepared  for  that  jnirpose  iu  time  for  its  re- 
njfjval  ijv  the  scavengers. 

**  The  quartennaster^s  department  will  furnish  to  each  regiment  an 
am  {lie  supply  of  necessary  jhjI icing  implements,  to  enable  the  men  to 
thonaighly  and  ettWtively  police  the  camp  daiSy,'' 

These  regulations,  J)r.  lirH'nlcaf  re])orts,  were  promptly  carried  tint 
by  ofliccrs  ami  men,  and,  in  spite  ai'  th(*  fact  that  nearly  every  hotly  of 
men  brought  ^ume  form  nf  infectiiHis  disease,  iuchiding  typhoid  fever, 
tropical  <lysentery,  diphtheria,  small[)ox,  meiisles,  and  mumps,  not  a 
aingle  case  of  any  infecti*ius  disease  originated  in  the  canqis,  all  of  the 
iini>orte<l  cases  Ix^ing  ])romptly  segregsitevl  froju  the  command,  all  in- 
fected material  disinf^rttMl  or  destroyed,  and  all  men  who  lia<l  l)een 
exjHJsed  isolated  and  quarantined. 

In  all  these  aimps,  the  latrines  and  bath-houses  were  placed  on  the 
fl.inks  and  rear;  the  kitcliens  and  mes^  halls,  in  the  central  lines.  In 
the  reiir  «*f  each  mess  hall,  a  zine-linetl  wtish  trough,  snpplitil  with  a 
ihizen  bib  ctx*ks,  was  plat*e<l  to  l>e  used  as  a  lavat(u*y  ;  near  the  door  of 
each  kitclien  was  a  grease  trap  c<»nnectHl  with  the  sew^er,  and  gtilva- 
nized  cans  for  g*arbage  and  ashes  were  placet!  on   the  porcli,     Litrge 


612 


AMIIATAnY  HYGIENE. 


eaklrnns  for  tieiiting  watir  fiir  laundry  xind  other  piirpoge^  wen* 
in  convenient   iilaee.s.     Two  giihaniztHl   wash-tiihs   were  furnit^beil 
eiich  comiiaDy,  and  '*  night  soil   tuins   were  plaeeil  in  ev<*r\'  mm\ 
,street  at  '  tatt<Mj '  for  tlie  use  of  the  men  during  the  night,  a  w^ii) 
beiii^  {MistHl  in  tlie  ♦strwt  to  see  that  tlie  onlers  regarding  thi'ir 
Mere  rarriwl  out/'     The  eonstrnetit*n  of  hitrines  urul  dispfj»?ial  of  ei( 
were   earried  out   aecf^nling   to   the   reeorjunendations   of  a  lnjttrd  t( 
nit-difal  oHicersj  consisting  of  Major  Reed,  U.  S.  A.,  and  Majors  Vangbil' 
and  ShakesiK-stre,  U.  S.  V.,  as  follows  : 

**  A   tnuigli    made  of  No.   '22   gidvanized    iron,  fourteen   ftfl  In 
twcnty^tvvo  inches  wide  at  the  U*\\  parabolic  in  cro.Sv*  s<N?tion,  and 
a  niaxinuini  depth  of  eiglitcrn  inches,  if  set   in  a   light  w<K>dru  fr 
work,  which  serve**  a^  a  protective  enite  in  tninsjK»rtation,  giv*":* 
port  to  the  trough  while  in  jMJsiticm,  and  serves  for  the  atta<'liiuem 
a  lid  in  two  sections,  furni.-^lM^l  with  seven  seat  holes.      Thesi^  Imli*?' 
.shajKHl  so  as  tti  render  siiiling  of  the  scat  iliflieult,  atid  a  slantinix  Imi 
one  foot  witle,  perniauently  fixed  at  a  i^rojH'r  angle  abo\'e  the  s«it, 
vents  the  men  from  getting  up  on  it  with  their  feet.     When  in  pi?ili( 
one  end   of  the   tniugh   is   raised   four  inches   higher   than   the 
The  trough  is  |ilac(.Ml  in  an  ordijiary  frame  pri\y  hiuise.      At  the  wj 
end  of  the  trough   there  is   plaecnl  a   gal  van  izi.d  iron  gutter  t»f 
height  and  inclination  leading  into  the  trough  to  serve  as  a  uriunL 

*'  The  rear  side  of  the  gutter  or  that  attaelie<I  to  the  wall  of  the  UiiU* 
iug  is  higher  than  the  iront  sidt%  to  prevent  soiling  the  building  TV 
tnnigh  is  prci>un»d  ti>r  the  reeejition  of  fieeal  matter  l»y  tilling  it  with 
water  until  a  certain  level ,  indiratHl  by  a  line  on  the  inside  <>f  tin? 
troughH,  is  reaclK!iL  A  measure  ft»r  the  puq^Tsc,  and  holding  otie-;?ixtli 
of  a  barrel^  is  now  tilkJ  with  quicklime  and  emptied  into  thi:'  vvater; 
8onie  dry  liuic  should  also  be  plaecHl  in  the  urinal.  The  linve  iti  th- 
trough  is  thoroughly  stirred  witli  a  wooden  paddle.  This  stirring  i' 
reiK^ated  three  times  every  day.  The  wocHlcn  i>addle  when  not  in  n?<* 
*!tands  in  n  iniil  Jilh^d  with  milk  i>f  lime.  Toilet  pa]>er  is  provicicii  W 
the  meirs  use  in  the  latrines,  hc»eause  large  pieces  of  newsjxi|>ef  will 
float  ou  the  water  holding  maSH'>  of  {m»A\  matter  above  the  m\^ 
thuis  exposing  it  to  tlu^  flics  and  other  insci'ts. 

''Once  a  day  the  contents  of  the^  troughs  are  pum|>ed  out  intr)aii 
fHlorless  exeii%'ator,  carter  I  away  anil  |*mjK'rly  disposed  of.     The 
of  lime  destroys  the  ty|jhoid  bacMllns,  ami  th<»  contents  of  the  tnuij 
if  projM'rly  eare<]  fir,  will  be  (piite  innrnHions.      Not  only  is  the  mi 
of  lime  and  flecal  matter  iiinoeuous,  but  its  value  as  a  fertihzer  U 
sidenible.*' 

It  may  Ik*  statr^l,  however,  that  these  excellent  result.-^  in  «inii 
poliw  were  nc»t  Irrought  al>ont  without  outside  as>istanct»,  f»»r  it 
found  advisjible  U\  em|»loy  a  corps  of  civilian  scavengers  eotisistin^ 
*2  overseers,  122  night  sf-avengers,  o4  day  ^mvexigers,  and  17  te:ini«*t< 
with  o  odarlci^s  exi^avatiug  cart8,  fJ  sanitary  c^ars,  an*!  12  dust  cai 
Wy  means  *»f  this  outside  f  >ree,  the  <:^mp  was  kept  thoroe"  ' 
and  the  excreta  were  pj'ompdy  removtHl  and  disjK>setl  of.      i 
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trou^iis  wvw  *.nn]\UPi\  twice  in  tueiity*four  Lours^  and  garbage  and  all 
miinot^r  nf  wastt'  material  wwv  removed  twice  daily.  The  teut  floors, 
kitrhens,  mess  iialls,  and  et>m|)aiiy  ^trei^ts  were  s\ve}>t  daily  In'  the 
soldietv  iliemselvesj  and  mie  man  fmm  eaeh  onmiMiiy  flid  duty  eat*h  day 
II)  tlie  cumpiny  latrine  tu  keej*  it  eletin  and  stir  the  lime  f?ulutiou  !Ve- 
tjiitntly. 

The  Diseases  of  the  Soldier. 

While  there  are  no  di!*Ga^4e.s  j>eeidiar  tu  tlie  soldier^  there  arc  many  to 
whieh  the  eireiimstanees  and  emiditions  ineideiit  to  eamji  life  render 
him  e.<»n?5pieuoiis!y  su^eeptiljle.  The.se  an*  niaiidy  *if  the  preventable 
ehtss,  and  may  l>e  largt.^ly  <'heeketl  hy  |iroj>er  regsird  to  tlie  [>rineiple^  of 
eamp  sanitation,  by  avtiidanee  t*f  pollated  water,  irnprojHT  e< inking, 
overcniwding,  and  overwnrk,  and,  !ii  .stmie  degree,  by  the  ineulaitioii 
of  the  pnnei|)lei^  of  mond  living. 

It  is  diffienlt  or  im|>ossible  to  determine  h(i\v  stJdier?^  compare  with 
civilians  in  the  amonnt  4^f  siekness  whieh  tliey  suHei\  sinee  we  huve  no 
y^tati.stic'^  i*f  gi/nend  morbidity,  e.s|H.'eiul!y  of  et)rres[MJin!ing  age  jKiiuds, 
of  the  civil  jwipnlation  ;  and  even  were  sneb  avaihdde,  it  wonhl  lie 
nece*>sary^  to  l>ear  in  mind  that  the  }**>ldier  h  often  on  the  sick  list  with 
ailment?^  whieh,  in  civil  life,  won  Id  neither  deter  him  from  attending  tc> 
Ins  daily  work  nor  eansi'  him  to  gi>  to  the  adde<l  expense  of  nu^lieal 
advice.  The  soldier  has  absolntely  free  mwlieal  attendance  auti  i-arc^ 
and  id*  this  he  freely  avails  himself,  excepting,  with  many,  iti  ease  of 
venereal  tmubles. 

(Vnieerning  the  constitnti*iii  of  the  meditnd  corps,  tlie  ht>spital  accian- 
mtidatiims,  and  general  atlministnitimi,  all  of  which  are  lixcd  Ity  law 
and  rcgnlatiiin,  no  ilescripti^m  or  discussion  is  net^essary  ;  and  a  l>rief 
considemtioii  of  the  pix*valence  and  jnvdispt^sing  eiinses  of  the  chief 
diseases  of  armies  is  all  that  lies  within  the  sc<*pe  of  this  work. 

It  is  a  well-kmiwn  iact  that  in  botli  war  and  i>eace  the  greatest  mfn- 
tidity  amiMig  si>ldiei"s  is  from  disease,  and  not  from  violence,  the  single 
exception  \vhieli  history  rec^irrk  being  af!V>rde<l  hy  the  Cierman  army  in 
the  war  of  1>>70  witli  France,  In  our  war  with  Mexico,  according  to 
WrMxllmlb  fi'i5  of  the  r*^gular  force  were  kifhHl  or  died  of  wonnds,  and 
4714  died  of  «liseasc  in  the  tichl  In  t!ic  Civil  War,  0J>,18:J  whiten 
and  ^]417  ncgnK.'s  were  killed  or  ilied  of  wonmls,  and  17U8nfT 
whites  and  29,^H>i  negmes  died  of  disease.  In  our  war  with  Spain 
and  troubles  in  the  Pbili}>pines,  during  the  year  from  May  Ij  1H98,  t4> 
ApriK*iO,  1S!*!I^  ;ii-e<a'ding  to  the  report  of  the  Surgeon-Genend,  90H 
men  were  killtMl  or  died  of  wonnds,  injuries,  anti  a<'cidents,  and  r>4*3H 
dit*d  of  disease,  Ty|)h«*id  fever  w^as  respousiljle  for  more  than  liidf  the 
dcath.*^  from  disease ;  next  in  ortler  came  malaria,  followed  by  pneu- 
monia, yellow  fever,  and  smallpox. 

Tuberculosis,— 1  n  the  large  standing  armies  of  the  worhl,  tnlx^rtm- 
losis  has  king  played  a  k*ailing  |>art,  iluc  largely,  as  has  Ikvu  jjointi^I 
out,  to  overcrowding  an<I  tk'iieient  ventilatiiFU,  and  to  the  enlistment  of 
men  in  whom  the  disease  is  latent  Ijefore  entrance  and  develojMHl  by 
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changes  in  habits  of  life,  climate,  etc.  Yet,  according  to  Colin,*  Iih 
Hpector-General  of  Hygiene  in  the  French  Army,  many  persons  with 
latent  tuberculosis  not  only  withstand  the  hardships  of  military  savioe 
well,  but  even  become  stronger  and  generally  healthier.  According  to 
a  statement  by  Surgeon-General  Schjerning  at  the  Tuberculosis  Cob- 
gress  in  Berlin  (1899),  a  decided  decrease  in  tuberculosis  has  been 
observed  in  the  German  army,  while  in  other  armies  an  increase  frw 
year  to  year  in  loss  of  men  from  this  cause  may  be  looked  for  as 
a  certainty,  especially  when  large  increases  in  enlistment  neoessitite 
the  inclusion  of  many  not  fit  for  service.  Colin^s  statistics  of  loam 
to  the  French  army  are  corroborative  of  Schjerning^s  statement,  esft- 
cially  those  for  the  year  1895,  when  a  large  increase  of  the  annj, 
necessitating  a  reduction  in  the  quality  demanded,  was  followed  byi 
more  marked  increase  in  yearly  loss.     The  figures  follow : 


Year. 

Discharges  per  1000 

Deaths  per  1000  urmj 

ToUllossperlMOsni 

army  strength. 

strength. 

■trength. 

1888 

4.30 

1.18 

5.48 

1889 

4.94 

1.05 

5.99 

1890 

5.70 

1.08 

6.78 

1891 

6.10 

1.33 

7.43 

1892 

6.55 

1.04 

7.59 

1893 

6.33 

0.94 

7.27 

1894 

6.55 

1.01 

7.56 

1895 

8.34 

1.14 

9.48 

1896 

7.34 

0.94 

8.28 

In  the  English  service,  phthisis  is  the  chief  cause  of  mortality  and 
invaliding,  the  annual  loss  averaging  somewhat  below  5  pr  1<X)0 
army  strength.  In  the  French  service,  the  disease  stands  second  to 
typhoid  fever. 

In  armies,  as  in  general  life,  tuberculosis  finds  the  greater  number 
of  its  victims  among  those  who  are  most  confined,  and  is  more  frequent 
in  the  garrisons  of  large  towns  than  among  troops  in  the  less  thickly 
settled  j>arts.  The  most  careful  prophylaxis  is  demanded  to  ]>revent 
its  spread,  and  the  ideal  measures  would  include  the  discharge  of  all 
}>ersons  caj)ablc  of  acting  as  foci  of  the  disease. 

Typhoid  Fever. — Tyi)hoid  fever  is  very  jiromiuent  as  a  scour^, 
especially  in  time  of  war,  when  large*  iMidies  of  raw  and  undisciplined 
tr(>(»ps  are  brought  together  in  camps  of  instruction.  Among  lai^p 
b<Kli(\s  of  men  drawn  from  different  jiarts  of  a  country'  in  M'hich  the 
disciise  is  very  generally  distributed,  it  is  almost  inevitable  that 
there  will  bo  some  who  will  intnKluce  the  specific  germ.  The  indi- 
vidual soldier,  owing  to  age  and  the  abrupt  changes  in  the  nature  of 
his  surroundings  and  gt^ieral  habits  of  life,  is  very  susceptible  to 
infections  in  general.  Statistics  demonstnite  that  the  seasoned  n^lar 
suHers  much  less  from  disease,  in  j>roportion  to  numl)ers,  tlian  the  un- 
disciplined volunteer  and  raw  recruit.  This  Ls  due  to  the  fact  that  be 
*  Journal  il'ITygi^iie,  March  1,  1900. 
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ki8  become  accustomed  to  the  mode  of  life^  and,  through  training,  has 
kumed  better  how  to  take  care  of  himself  in  all  departments  of 
|nnonal  hygiene.  Great  care  is  necessary  to  isolate  cases  as  soon  as 
noognized,  and  to  treat  excreta  so  that  their  final  disposal  shall  not  be 
m  menace  to  the  safety  of  others. 

Of  the  highest  importance  is  the  prevention  of  access  of  flies  to  the 
discharges^  for,  as  has  been  stated  elsewhere,  these  {)ests  have  been 
nsponsible  for  the  spread  of  this  and  other  diseases  by  contaminating 
llie  food  supply  afler  visiting  the  sinks.  Also  of  the  highest  impor- 
tenoe  is  the  avoidance  of  a  polluted  water  supply ;  boiling  of  water 
concerning  which  nothing  is  known  should  always  be  done  as  a  matter 
of  routine  precaution,  and  the  attention  of  the  men  should  be  drawn 
to  the  danger  which  they  incur  in  the  indiscriminate  drinking  of 
water  which  has  not  been  thus  treated  or  shown  by  competent 
authority  not  to  require  it.  In  general,  it  may  be  stated  that,  without 
efficient  sanitary  police,  typhoid  fever  among  troops  is  always  to  be 
expected. 

The  origin  and  spread  of  typhoid  fever  in  our  army  during  the 
Spanish  War  (1898)  were  investigated  by  a  board  consisting  of  Dr. 
Walter  Reed,  U.  S.  A.,  and  Drs.  V.  C.  Vaughan  and  E.  O.  Shake- 
speare, U.  8.  v.,  who  reported  that  more  than  90  per  cent,  of  the  vol- 
unteer regiments  developed  the  disease  within  eight  weeks  of  going 
into  camp.  In  certain  regiments  of  r^ulars,  the  disease  developed 
within  three  to  five  weeks.  Among  the  whole  body  of  troops  there 
were  no  less  than  20,000  cases  between  May  and  Septeml)er.  The 
causes  included  polluted  water  and  dissemination  of  faecal  matter  by 
flies.  In  some  cases,  camps  were  set  up  despite  the  protests  of  the 
medical  officers  against  the  unfitness  of  the  sites  selected. 

Preventive  inoculation  against  this  disease,  although  in  its  infancy, 
has  given  sufficiently  encouraging  results  to  warrant  trial  on  a  large 
flcale.  The  great  majority  of  English  troops  sent  to  war  in  South 
Africa  were  so  treated,  and  statistics  concerning  the  efficacy  of  the  treat- 
ment have  demonstrated  its  value. 

Dysentery. — In  the  South  and  in  our  new  tropical  possessions, 
dysentery  is  one  of  the  most  irajxjrtant  camp  diseases ;  in  fact,  it  is 
aaid  that,  within  the  tropics,  dysentery  annually  claims  far  more 
victims  than  Asiatic  cholera.  Once  introduced,  like  typhoid  fever,  it 
is  likely  to  become  epidemic.  Prophylactic  measures  adopted  are  the 
same. 

Malaria. — ^The  various  forms  of  malarial  diseases  are  always  a  curse 
to  armies,  especially  those  operating  in  hot  climates.  Though  the 
death  roll  from  malaria  may  not  h^  great,  sickness  and  consequent 
invaliding  are  commonly  enormous  in  amount,  and  an  army  stricken 
with  malaria  is  an  army  unfit  for  field  ojwmtions.  The  infection  weak- 
ens the  natural  power  of  resistant  to  other  infections,  and  is  said  to 
predispose  the  victim  es{)ecially  to  infection  by  typhoid  fever,  and  to 
exert  a  particularly  pernicious  inflnenee  on  those  who  have  already 
acquired  or  subsequently  acquire  venereal  diseases. 
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Siiioi'  the  runiirniutiuii  of  t\w  di^rtivery  of  the  impdnant  {aitl 
playtHl  by  inoHjiiitoe.s  in  the  dissrniiuution  of  the  malaml  [n»UtmJ 
th*'  iRH't^Ksity  (tf  the  nso  uf  nt'ttiii^  ii^aint^t  tlit\Ne  \*i^t^t^  hii>*  \ttvu  xm\ 
rltiirly  deiiiunstrati^h  The  j inventive  nieit^ures  agtilii^t  malurb  c^uij^t 
ill  tlte  avoidanw,  if  possible,  of  ^ites  near  which  the  conditions  j 
iavomble  to  the  putldle-l^retdinj^  irin^quitt^es,  the  av^iidiinceof  tiniw 
mry  going  about  iliiriiig  tiie  hmirs  wheu  nM»sqint()e,s  are  mos^t  activ«j 
prevention  of  atvess  of  mostpti^K^^s  To  the  sleeping  quartern,  and  tl#l 
Hvsteniatic  use  of  pn*phybetie  d*>.ses  of  qninine  niornijig  and  nigbl 
Whiskey  18  not  ntt'ded  a**  an  adjuvant,  and  is  more  Ukely  to 
an  injury  than  au  aid.  Hot  tea  an<l  eofft^e  are  more  highly 
garde*L 

Msasles. — lu  all  new  levies  t>f  troops^  nieasle>  is  a  serious  imjteill- 
nient  to   efficiency,  for,  once   iutrudnce^.1,  the   disease   spreads  ^*^P^^5l 
through  the  oamj),  e:?ipcciiil]y  if  the  trtHjps  aiv  largely  from  the  txmntiyJ 
wliere  they  have  esi^ped  tlie  diseases  of  eliildh*x>d  which  ravage 
p<ipulati«*n  of  cities  and  large  towns.     The  iniimrtaiK»e  of  the 
apiiears,  ae(*on!ing  to  recent  evidenoe,  to  be  likely  to  be  underrated 
coiuruuniling  otheers. 

Diarrhoeal  Diseases  in  General. -=  Because  of  the  lesser 
to  sjKritie  infwtions,  whii-h  ap] tears  to  att-onipany  even  mild  eondltifH* 
<d'  iiiarrhoa,  it  is  esst-utial  t^)  take  such  tntiisui*cs  and  precaution.'^  il- arc! 
p«^ssil>le  to  prevent  them.     Among  the  [)roni incut  causei>  may  he  mfD-1 
tioniKl   the   use  uf   im}>ro|>erly  ccH>ketl,  iutligestible   ftMRl,  and  ohillii 
of  the  bfKly,  (particularly  at  niglu  while  slet^ping  on   the  ground,  evri 
although  separatcHJ  ihm\  inunediate  i-ontaet  tlicrcwitli  by  niliU-r  hlnn 
kets*      The   jirev«/ntion  of  the  iirst   clause   ni^s   hanliy  to   l>e  pnnu 
out ;  for  the  |>revention  of  the  second,  the  habitual  use  of  light  flan 
garments  or  alMloniinal  bands  is  recommendeiL 

Simstroke. — This  consequence  of  extreme  heat  or  nver-exertino  in 
liigh  teuijM'ratnres  is  very  likely  to  be  induced  by  iniprudeocx?  in  tlj* 
matter  of  water  supply,  and  by  contiminus  work  without  perit>d^  t^'f 
rest  and  recreation.  Accoi-diug  to  Dr.  Hniart,  U,  S,  A,,*  *«If  »k 
allowance  of  water  is  scanty,  it  must,  nevertheless,  hi*  usckI  at  n  :  '  " 
intervals,  but  eeonomieally,  lest  it  give  out.  There  is  manife:-t 
danger  of  a  fulminant  stroke  with  a  stint^^l  Itnt  steady  *^upplv  iluia 
with  full  alhAvance  for  a  given  time  fr>nowed  by  a  jJeriod  of  enf*»nvl 
abstinence.  On  the  other  hurjd,  if  the  supply  is  liberal,  it  may  be  in- 
dulgtM:!  in  friidy  and  with  advantage  when  the  skin  is  acting  Mt'il/ 
He  relates  that,  during  a  siTviee  of  four  ycai*s  in  the  hot  climate  of 
Arizona,  with  commands  of  varying  size,  making  long  mandies,  often 
oti  sTunt  allowance  of  water,  Ije  saw  sunstroke  on  but  one  occa*;ion,  aiid 
in  this  instanee,  the  rule  to  use  the  cjinteen  in  the  early  part  of  tlw* 
march  with  caution,  as  if  no  mon^  cmdd  1m*  had  until  arrival  in  C5ini|s 
was  not  f<dlouiH.L  It  was  the  rule,  when  a  suj>ply  ])rt*sented  iti*eir  on 
the  line  of  march,  to  use  it  freely,  and  then,  on  proci*t*tliug,  to  Mfte  tlie 
rciiiled  canteens  with  the  same  caution  a^  l»efore.  A  canteen  of  tea, 
1  Philinleii>ljiii  MtMiinil  Juurniil,  Januiiry  19,  1901,  p.  1^. 
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li  necessarily  strong,  containing  a  little  lemon  juice,  lime  juic«,  or 
negar,  is  more  desirable  when  obtainable  than  plain  water. 
Venereal  Diseases. — ^These  are  responsible  for  a  very  large  amount 
'  sickness  in  all  armies,  and  their  prevention  has  been  the  subject  of 
Qch  consideration  by  military  authorities  everywhere ;  but  the  reme- 
es  against  the  prevailing  high  figures  of  morbidity,  namely,  scientific 
id  practical  control  of  prostitution,  find  always  and  everywhere  active 
iposition  on  the  part  of  the  public. 


CHAPTER    X. 
NAVAL  AND   MARINE   HYGIENR 

The  conditions  of  life  at  sea  in  relation  to  health  are  very  diffiewrt 
in    many  respects  from   those  which  obtain    ashore.     The  seafaring 
man,  wherever  he  goes,  travels  in  his  habitation,  in  which,  necessarily, 
his  share  of  cubic  space  is  far  less  in  amount  than  that  which  tiie  prin- 
ciples of  general  hygiene  stipulate  as  a  permissible  minimum  for  those 
ashore.     His  air-supply  while  at  work  on  and  above  the  deck  is  of  the 
greatest  known  purity,  and  while  below  in  his  sleeping  quarters  it  k 
likely  to  be  at  times  unutterably  foul,  and  under  usual  conditions,  even 
with  the  best  of  care  and  appliances,  is  usually  not  in  conformity  with 
the  generally  accepted  standard.     His  work  exposes  him  to  the  hard- 
ships of  the  most  inclement  weather,  to  extremes  of  heat  in  the  stoke 
holds  of  vessels  propelled  by  steam,  to  long-sustained  muscular  effort 
at  critical  periods ;  and  involves  short  hours  for  sleep,  and  these  not  in 
one  consecutive  whole,  but  divided  by  intervening  periods  of  duty.    His 
food  supply  for  the  entire  period  from  port  to  port  must  be  transport^ 
with  him,  must  necessarily  possess  keeping  qualities,  and  henoe  con- 
sists largely  of  preserved  instead  of  fresh  meats,  and  dried  and  canned 
vegetables  instead  of  those  fresh  from  the  fields. 

In  the  matter  of  kitchens,  cooking  appliances,  and  fuel,  he  is  circum- 
stanced more  fortunately  than  the  soldier,  since  wherever  he  goes  the}* 
accompany  him,  and  he  is  independent  of  the  frequently  troublesome 
question  of  transportation  of  supplies  and  appliances  in  time  of  need. 
Thus  it  was  that,  during  the  battle  of  Manila  Bay,  all  hands  could  be 
j)i|X'd  to  breakfast,  whereas  at  the  fierce  onslaught  by  the  land  forees 
at  San  Juan,  no  such  comfortable  relief  could  be  afforded. 

His  water-supply  must  be  carried  in  proper  storage  or  be  obtained 
by  distillation  from  the  salt  water  in  his  })ath.  But  he  has  not  to  cope 
with  the  difficulties  which  beset  the  soldier  in  the  matter  of  camp  sani- 
tation, for  his  sewer  is  the  boundless  ocean,  and  the  question  of  disposal 
of  garbage  requires  no  thought. 

NAVAL  RECRUITS. 

The  United  States  Regulation  forbids  the  enlistment  as  a  landsman 
of  any  man  over  25  years  of  age  unless  he  has  learned  some  niwhan- 
ical  trade,  and  in  this  instance  he  may  not  be  enlisted,  without  special 
authority,  if  over  34  years  of  age.  A  landsman  is  one  who  never 
hrfore  has  gone  to  sea,  or,  having  been  already  at  sea,  does  not  jwssess 
the  skill  required  of  an  ordinary  seaman.  An  ordinar}^  seaman  must 
alrwidy  have  had  two  years'  exj)erience.     An  able  seaman  is  one  who 
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lius  had  at  Imst  four  years'  exjitTienn:'  and  understands  the  iiavi^atinn 
of  ships.  A|)prentieo.s  are  enlisted  nrit  under  16  years  i>f  age,  and 
serve  i\^  sueh  until  21,  when  thrir  term  rxpin's. 

A  eandiilate  iVir  the  t?erviee  is  reijuired  to  undergo)  a  thorough  ex- 
am i  nation.  If  afflicted  with  stricture,  internal  piles,  or  any  serious 
disease,  or  sutfering  trom  the  resnlt.s  of  any  former  disease  or  injury, 
ur  snhjeet  to  tits^  he  is  debarnnl  tr*ini  the  service.  Ap(>lieants  for 
positions  as  skillinl  me*:'hanies  nutst  demonstrate  their  kuowhxlge  of 
tlieir  craft,  and  sh(>w  that  they  possecisi  the  ueeessary  qualitieatiouii  for 
following  it. 

THE   NATAL  RATION. 

The  naval  ration  is  always  ditfurcnt  from  that  of  the  soldier,  for  rea- 
sons already  given.  The  ration  of  the  Unitetl  States  Navy,  a.s  pre- 
scriheit  in  1902,  consists  of  the  following  daily  allowance  of  pro- 
visions to  each  person  :  "One  poniid  and  a  t^nartcr  of  salt  ov  smoketl 
meat,  withal  ounces  of  dried  or  (>  ouiii'cs  of  cannwl  truitand  12  ourn^es 
of  ric^  or  8  ounce-s  of  canned  vegetables,  or  4  ounces  of  dei^gicate^J 
vegetables  ;  together  with  1  pound  ui'  hiseuit,  2  ounces  of  butter,  4 
ijunees  of  sugjir,  2  ounces  r>f  eolfee  c»r  coca,  or  i  ounce  of  tea,  and  1 
onnec  of  condense*!  milk  or  eva|xn*atcfi  cream,  and  a  weekly  allowauee 
<»f  I  pound  of  inaciironij  4  ounces  af  ehwse,  4  ounces  of  tomatoes,  i 
\nnt  of  vinegar,  J  pint  of  pickles,  |  pint  of  molasses,  4  onncx^s  of  satt» 
^  ounce  of  [)epper,  and  1  ounce  of  dry  mustard.  Five  painds  of  Ian  I 
or  a  suitable  substitute  will  \w  allowed  ibr  every  hundred  jKMiuds  of 
Hour  issued  as  bn^id  and  such  t[nantitics  of  yeast  as  may  be  neccs-^aiy," 

Preserved  meats,  in  the  mt^ining  of  the  law,  comprise  canmxl  beef, 
mutton,  cornwl  beef,  l>acoii,  ham,  naumiges,  .sidted  fish,  ainl  any  other 
.smoked  or  salted  meats.  Flour  com  prises  wheat,  rye,  oatmeal,  corn- 
meal,  and  hoaii ny.  Dried  fruits  inchule  af jph-s,  ficjiches,  pnines,  raisins, 
elates,  figs,  and  others  susceptible  of  j>rescrvation  by  dr\'in|»;. 

From  the  above,  it  will  l>e  not*^^  that  our  naval  i-atitm  is  very 
elastic  and  generous^  and,  indtxHl,  is  said  to  be  superior  in  amount  and 
variety  to  that  of  any  foreign  navy,  just  as  our  anuy  mtion  surpasses 
in  these  resjK'Cts  those*  of  otlier  armies* 

In  spito  of  the  elasticity  and  abundance  of  the  ration,  considerable 
improvement  and  mueh  greater  stitisfaetion  appi'ar  to  l>e  attained  l>y 
the  system  of  the  cousolidatc<l  mess,  instituted  <iriginally,  in  lrS8IJ,  l>y 
Lientcnant  Dclehanty,  of  the  LT.  8.  S.  Jtttirjtntfhitn ,  Not  the  least  nf 
its  advantages  is  the  iniprovement  in  the  preiTniratton  and  serving  i»t' 
the  foml.  In  the  ordinaiy  method  of  messing,  the  ship's  com|Kiiiy  is 
dividctl  iiit^j  a  number  of  messes  of  about  twenty  men,  aiul  each  has  its 
own  cook  and  mess  attendant>*  The  preparati«in  of  the  foinl  for  all 
is  ill  charge  of  the  chief  c<»ok  anil  a  tuuul)er  of  assistants,  and  the 
serving  out  and  the  care  of  the  mess  g(^ir  are  attended  to  by  the  mesa 
attendants  or  bertlMleck  cooks.    Aecording  to  Tjientenant  B.  C.  Decker,' 

*  The  Couaol  id  sited  Mess  of  the  Tri-w  of  tlie  l\  S.  S.   Indiana^  Prtx^eeding^  of  tbts 
IJ.a  Xaval  Institute,  XX[IL,  18W7.  i^  41j3. 
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of  the  U.  8,  S.  Jm/iHiift,  '*  the  prc\soiit  sy^teai  of  mesi^es  with  ih 
(K*teiit  and  ofleri  hrokeii-dtKvii  iiuitli^nien  as  eooks,  ,  ,  .  aud 
geiKTal   waste  jumI   niisiiiaruijyfenient,   is  a  failuiv/^ 

III  the  mnsolitlattHl  mess  of  tlie  hiflNtua,  as  d**^rn>ed  by  I^cckci 
the  crew  of  380  iiieu  have  a  common  interest,  and  are  attended  t*>  I 
seven  eooks,  one  of  the  first  elass,  two  of  the  s<:vond,  and  f*j\iT  «if  A 
third  ehiss^  a  enriiiiiissiir}'  ye^tman,  and  a  .storenHini  ket»jR^r.  Fuixh 
(*n'  pnivisioniiiir  the  mess  are  derivid  frum  the  eMmnnit*^^.!  rati*>ii^  aw 
the  canteen.  (Here  may  be  statitl  that,  in  the  discussion  of  tk'  fan 
noted  J  the  cantet^ii  systtem,  as  it  existixl  in  the  Navy,  wa.s  the  suhjtii  < 
severe  eritieism  by  officers  of  the  line.      It  is  ntiw  aI>olfehe«I.) 

The  system  saves  rnneh   troubh",  re(|tiires  fewer  emiks,  and  hy 
in^  pos^ibh?  the  purchase  of  a  still  wider  variety  <»f  food  materiiil^  iq 
i?nres  greater  satisfaction  throntrhotit  at  a  diminished  eo^t. 

The  princi{>al   defects  of  all  dietaries  for  seafaring  men  coinii 
mon»»toiiy,  detit*iency  in  vegetable  c^impinents,  and  excess  of  pnscr\'K 
meats.     In  urder  tu  guanl  ag:iinst  the  n^snlts  4if  an  insutfitient  sujiplM 
antisnirlaitic  vegt*tal>les,  the  Revistd  Statutes  recpiire  that  all  vcsa-ls  i 
mnre  tlian  75  tons  lK)nnd  aemss  the  Atlantic  fir  Pacific  or  ariHuul  Csi[ 
Horn  or  Cape  of  (toimI   Ho^ks  or  cngagctl   in  whaling  or  stealing,  !>fii 
C4I rry  a   suflicient   snpply   of  h^mon  jniee  fir  lime  juice,  and  vin 
which   shall  be  served   tmt  within  ten  days  ut*ter  8idt   pn»\kion»  U 
been  servetl  out,  tlie  lemon  juice  or  lime  juic^e  at  the  rate  of  on 
nnnee  daily,  ami  the  vini'gar  at  tlie  rate  of  ime-half  pint  weekly,] 
man. 

WATER   SUPPLY. 

The  satisfactory  stonige  of  water  idK»anl  sinps  i.s  a  niatt«*r  of  i 
diffienllv.  Small  vessels,  us  onlinary  merchant  ships  and  simiB 
cnift,  not  ]m»vide<I  with  distilling  appiratns,  nmst  nei'cssarily  ttim 
a  sufficiency  of  water  tc*r  the  passiige  l)ctween  jmmIs,  ret^kontnl  at  ih 
t^nai1:s  daily  |>er  man  pJus  an  anumnt  sufficient  tor  cooking.  Watf^l 
storecl  in  wofKlen  casks  aiid  metallic  tank.^.  Storage  in  cusb^  is 
from  satisfactorv,  on  ae(*ount  of  the  deti-rionition  which  <x*curs  in 
(iuality  of  the  water.  This  is  due  to  the  action  uf  the  water  in  extr 
ing  matters  from  the  wo(k1,  and  tc»  ilecom  posit  ion  of  these  matter?  i 
duee<l  aud  carried  on  Ijy  the  usual  agencies.  Ca^^ks  should  not  be  n»| 
of  soft  wtMrtl,  mul  the  interior  shoidd  l>e  very  thoroughly  cbir 
in  onh^r  to  dinn'nish  as  mnrh  as  possible  the  extraction  of  soluble  ^"^ 
stitnents  and  to  guard  against  deaiy.  Tanks  arc*  commonly  made 
g:dvanize<l  iron,  liuwl  sometimes  with  cement.  They  should  Im?  pbti:<I 
in  easily  atTcssilde  IrK^ations  whir4i  n<lniit  of  ready  insj«*ction  nmf 
elejinsing. 

No  water  8hc*uld  be  taken  on  l>oard  unless  its  source  is  known  anu 
its  tpiality  is  such  as  to  prwhule  the  danger  of  introducing  vr^wt- 
borne  diseases.  Large  vessels  and  steamships  provi(k*tl  with  distilling 
apparatus  do  not,  oi'  course,  nt^e*!  to  provide  for  the  storage  of  lanfc 
Volumes  of  water.     The  water  yieldLnl  by  a  distilling  apparatus  l-.  "» 
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fclie  whole,  far  sn|»eri(>r  in  i]ii:ility  ti>  thut  whieh,  howeviM'  gfKMl  ori^i- 
— mllv,  ha.*-  Ix"*'!!  storetl  fur  any  mnsiderahle  tinif.  Kc»r  full  i'on>iflern- 
ion  r>f  the  ?^ubj<x!t  «»f  water  and  it<  sti»mgi-%  ibe  rt-ader  is  refenxxl  to 
•he  chapter  devotee!  to  that  Huhj«*t, 

THE   SATLOE  S   SLEEPING  QUAKTERS. 

The  sailor  i?^  berthiHl  etinniinnly  eilluT  in  ihsAx  hoiusos,  foroatstles, 
^r  l>etwe<^ii  decks,  IK^-k  Inmses  arc  by  far  to  be  pinL'fcntil,  sinrc  they 
fp  well  ligliteil  and  ctm  lx»  well  ain^L  Tbey  are  piaet^l  alnnil  nii<l- 
3»lii|*s,  and  are  rimst  luvessible  and  eoriverdent.  Thrre  are  two  kinds 
of  fbnxtistlch  ;  one»  known  as  tfic  toi^-g-ailaiit  Ibreeastb^  lias  side  lights 
and  ii$  entertnl  tluiingb  a  drxirway  ;  the  other,  c^mimonly  found  <ni 
aierehant  vessels  and  small  vniiX  in  genrral,  is  enterrnl  from  ahuve 
thmugli  a  liatehway,  a  nil  is  not  liglited.  This  is  tlie  knist  deMrable 
kxlging  ptaf'C,  and  is  (-xr^'c^Iingly  difticult  to  keep  in  a  cleaidy  eoiKlition, 
In  fact,  on  nu-reliant  vess^vls,  it  is  eomnionly  intkste*]  with  be<lhngs  and 
^her  vennin,  and  is  the  .storclionse  for  wet,  diity  elotlies  and  all  man- 
ner of  rubbish,  Forei^istles  are  likely  to  he  dam[>er  than  other  jKirts, 
go  ut*connt  of  the  greater  amount  of  vratcr  slii[>[MHl  uver  the  fe>n'pait 
le  ves8t4  when  tuuler  way. 

ubie  spatx^  jht  mpita  deiM-nds  n[>on  the  facilities  for  the  eon%*euient 

ing  of  hamnioc^ks  ;   it  «in  never  Iw  gtqierotis :   it  is  always  far  lerH,s 

ni«»unt  tlian  is  ivgjinlt^l  asliore  as  i^ssential  for  the  niaintemint^e  of 

fair   ih'grce   of  healtlu       In    faet,   Siiilors  are  ahnost  always   over- 

ded ;   they  have  nothing  like  the  allcm^ance  whieh  obtains  in  l>ar- 

hut   nither   that   *»f  the  tent  in   the  Held.     The  fact   that  the 

|or*s  rest  is  ljn>ken   in  UjKin,  so  tliat  at  no  time  floes  be  get   more 

an  fi^ur  h*^urs  of  consecutive  sh^ep,  may  perhaps  hv  a  benefit  to  him 
^^that,  iu  tlie  intervals,  he  breathes  the  pure  ontside  air,  and  may  thns» 
^nome  measure,  connteniet  the  evil  resnlts  of  breiithing  the  iiece«- 
Brily  impure  air  l»eIow.  The  English  statute  ntHpiires  that  a  seanuin 
in  the  nuTc^bant  niarin*'  shall  have  not  less  tlian  7'2  euhie  iWt  of  air 
apacM?  and  12  s<juare  feet  of  Hoi^r  sjmee,  exehisive  of  that  fHr-eupied  l>y 
the  ii(H'e.s>iarv  artieles  of  furniture  and  rlunnage. 

In  the  matter  of  cubic  s[Kice,  the  crews  of  merchant  %'esstds  are,  a.s  a 
rule,  better  otf  than  tht»se  of  mcTi-of-war,  since*,  on  vessels  4»f  the  latter 
^•la^,  the  coinplrment  of  men  reijuiretl  for  all  the  various  dutiiN  i.^  so 
largt*  that  f>vererowiling  is  to  ln^  lookctl  ui>on  as  a  matter  t»f  eonrse. 
The  nkx^ping  *jnart<?rs  of  mo8t  of  the  ennv  are  lociittM:!  Wlow  the  water 
line  on  the  f>erth  deck.  Some  arc  quartertHi  on  the  gun  deck,  wiiieh 
I*  aW)ve  the  water  line,  and  <'onsi'f]uently  is  circumstance*!  better  as  to 
Ugbt  and  air. 

^H*he  jsiiilor  skn^ps  in  either  a  hammock  or  a  bunk.  The  haninifH'k  is 
Iraangiiig  he<l,  nuide  «*f  heavy  cjuivas  about  six  fet^t  lon^  and  half  a.^ 
wide.  .\t  each  end,  hiiiss  or  copjier  eyelets  are  Worked  in,  through 
which  the  nettles  *if  the*  dews  pass  and  are  fastened.     The  elevv>  end 

an  iron  rin<:-,  to  wliirh  ilu«  lasljin^  for  earh  cud  i^  attached.      In  llie 
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hammock  are  placed  a  mattress  and  the  necessary  coverings,  and  on 
this  he  gets  his  modicum  of  rest  in  a  constrained,  unnatural  po^qtioQ, 
bent  into  a  curve,  no  matter  how  he  may  dispose  himself.  Bunks  are 
far  more  rational  and  comfortable,  since  they  permit  of  a  horizontal 
attitude.  They  are  made  of  iron  framework,  wound  with  canvas  or 
other  non-conducting  material,  or  of  wood.  They  possess  the  addi- 
tional advantages  of  occupying  less  space  and  of  being  more  easily  kept 
in  clean  condition.  Commonly,  they  are  placed  in  two  tiers  and  suffi- 
ciently far  apart  to  permit  of  easy  passage  on  either  side.  The  lower 
tier  should  be  not  less  than  nine  inches  from  the  deck. 

Quarters  for  officers  and  passengers  are,  as  may  naturally  be  sap- 
posed,  more  favorably  located  and  more  commodious  than  those  as- 
signed to  the  crew. 

THE  DISEASES   OF   SAILORS. 

The  chief  diseases  to  which  persons  on  shipboard  are  subject  indude 
diseases  of  the  respiratory  organs  (particularly  tuberculosis),  riieuma- 
tism,  diseases  of  the  digestive  apparatus,  venereal  diseases,  and  ^a- 
sickness.  Of  nervous  troubles,  nostalgia,  melancholia,  and  hypochon- 
driasis are  common.  Skin  diseases  of  various  kinds  are  also  common. 
Cholera  and  yellow  fever  and  other  important  infectious  diseases  appear 
to  be  closely  connected  with  ships,  by  which,  as  elsewhere  noted,  tlie 
contagion  is  frequently  carried  from  one  country  to  another.  For- 
merly, scurvy  was  associated  especially  with  life  on  shipboard,  but 
since  the  discover}-  and  introduction  of  the  proper  prophylactic  remedy, 
the  disease  has  been  practically  eliminated  from  the  list.  In  addition, 
troubles  of  minor  importance,  arising  from  si>ecial  duties,  are  of  com- 
mon occurrence,  but  not  lasting  in  character ;  such,  for  instance,  as  eye- 
strain and  other  disturbances  of  vision,  disturbances  of  hearing,  and 
trauma. 

In  spite  of  improved  hygiene,  diseases  of  the  lungs,  particularly 
tuberculosis,  appetir  generally  to  be  on  the  increase  among  seafaring 
men,  instead  of  on  the  decline.  It  is  said  that  in  the  British  Navy, 
lu'tween  1888  and  1890,  diseases  of  the  lungs  increased  60  percent. 
It  had  been  supjwsed  that  the  doing  away  with  masts,  sails,  and  rig- 
ging, with  the  consefjueut  lessened  exposure  of  the  men  to  cold  and 
wet,  would  have  a  contrar\^  effect ;  but  its  influence,  if  any  it  had,  has 
been  more  than  counterbalanced  by  the  change  in  conditions  below,  the 
men  livinjj  now  in  a  VQiy  crowde<l  condition  in  hot  steel  ships. 

Firemen  and  stokers  are  very  prone  to  phthisis,  and  not  infrequently 
the  exhausting  nature  of  their  work  causes  them  to  become  debilitated, 
morbid,  and  ineliniMl  to  suicide.  Among  this  class,  vertigo,  stupor, 
and  (H)iivnlsioi)s  are  common. 

Hosj)itals  for  the  treatment  of  the  sick  at  sea  should  not  be  located, 
as  thev  usually  are,  on  the  berth  deck  forward,  but  should  be  about 
amidships,  where  ^^^^  ma^'  've  a  sufficient  amount  of  light  and  air. 
The  furnitun  us  permitting  easy  cleansing. 
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VENTILATION   OF   VESSELS. 

The  air  of  a  ship  In^hnv  the  (h-ek  is  enrniiionly  fur  from  meeting  the 
rtHjijireiiieuts  ^'nemlly  aoa  ptol,  aud  is  often  oxtreuiely  foul,  nod  In  iK'e 
wfiolly  unfit  for  rfSfvimtioo*  The  contrih'jtiu^  eaust".s  of  this  condi- 
tion are  an  exoess  of  aqueoui?  vapor  ironi  respiration  and  from  water 
used  in  ^^wabbin^  decks  or  shipped  over  the  sides  while  uuder  way  ; 
an  excess  i>f  carbon  tlioxide  from  I'espiration,  combustion  of  ilhi- 
niinaut^,  and  decomposition  of  organic  matter's;  effluvia  from  the 
bilge- water,  from  oil,  tar,  |>aint,  and  other  necessary  supplies,  from 
the  eomponeuts  of  the  cargo,  and  from  other  sources.  The  crew*s 
sleeping  (piartcrsj  even  though  protected  by  all  practicable  means 
from  eontauiinati"il  air  from  the  hold,  bilges,  and  fore-|>eiik,  are  com- 
innnly  reached  through  some  channel  by  the  effluvia^  whichj  mingling 
with  those  natuml  to  the  place,  serve  to  make  a  very  bad  condition 
much  worse. 

The  pi'oblem  of  efficient  ventilation  of  vessels  is  exceedingly  com- 
plex, and  is  (piite  ilitfereut  from  that  of  ventilating  dwellings  and 
other  buildings,  since  the  fundanicnta!  eonditi<ms  are  so  little  in  agree- 
ment;  and  it  bix-omes  more  ctjmp]ieaiti"il  witli  increase  in  the  size  of 
the  ship.  The  j principles  are  the  sunc  as  in  house  ventilation,  but  the 
applieatifMi  of  metlimls  is  surrounded  l>y  greater  diilicultJL^,  due  t^^ 
peeuliarities  of  constrnetion  and  to  external  conditions.  Natural 
ventilation  may  be  effected  under  favoring  conditions  through  the 
rnetlinra  of  hatchways,  |)ort  holes,  and  other  openings  ;  canvas  tul>es 
or  funnels  with  a  side  opening  at  tht*  top,  stayed  t^i  face  the  wiiitl  or 
the  shifTs  course,  known  as  windsails  ;  fixed  ventilating  tnhv^  acting 
in  the  >amc  juanner,  hollow  masts,  and  other  ajiplianees. 

Hatchways  arc  commonly  the  cady  o]K'ni ngs  lor  ventilating  the 
lower  forecastles,  and  in  foul  weather  they  are  kept  closed.  Some- 
times an  outlet,  cEjppixl  hy  a  eowl,  is  providetl,  but  it  is  usually  kept 
clijsed,  on  account  of  the  discomfiirt  of  drafts.  I>ec*khouses  antl  tt*p- 
giillant  fi*reaisth^s  ai-e  nmch  more  etficiently  ventilatt^l  through  the 
side  openings  and  hecausi^  of  their  greater  exposure  to  the  external 
air.  Holds  and  s|xices  between  decks  are  ventilat4Kl  through  hatch- 
ways, fixed  tnhes,  and  windsails,  hollnw  masts  which  act  as  ventilating 
fines,  fumiel  casings  which  act   like  jaeki'ttHl  stoves,  and  other  means. 

Vessels  of  large  sixe  cannot  dejx»nd  upon  any  system  of  natural  ven- 
tilation, but  must  have  recfviirse  to  meehauical  methmls  of  projndsion 
and  extraction,  and  even  then  only  an  imjierfcet  result  can  be  hc)]MHl 
fun  As  in  the  niiH'hanical  veutikitiou  of  hnihlings,  propulsion  i» 
likely  to  prove  far  more  etleetive  than  extraetion,  and  its  ettieieuey  is 
very  greatly  dependent  upi^n  the  intelligent  planning  of  the  system  of 
the  ehanuelways  and  valves.  Valves  are  retpiiriHl  not  nnly  ftir  the 
purjwisi'  of  shutting  off  tfu^  air  current  where  it  is  not  at  the  moment 
r*H[uired,  hul  also,  rui  n)eiMd-war  and  other  large  vessels,  t«)r  tlic  [M'i*- 
tei'tiuu  of  water-tight  bulkheads  in  case  of  aceidcut^  and  ol*  diticrent 
eompiirtnients  in  eiuse  (*f  fire. 
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The  ventilation  of  vt*ssels  L'Mg;i^<d   in  <tirrviiig  jmswD^i^  b 
vwIkI  (iiv  ill  fwirt   hv  le^n.^latiniu      The  I',  S.  RevisiJ  SUituU^  rwjulu 
that  vessels  itirrvinjyr  a  hiiodred  or  iiicii\^  passengt^rs  jihall  have  litre 
a[Kirtnieiit  two  vtnitibtoi^,  one  forwartl  and  cjiie  aft,  i»f  a  capaekj*  [ 
jxjrtionate  to  the   ?ize  of  the  apart nieut^,  a  tube  12  inches  in  diiimd 
beintr  regartLxl  as  the  projier  size  for  an  aj>artnient   for  2(M) 
If  tither  means  of  attiiining  the  same  mcjisure  tj{  ventilation  are 
vidrtl,  they  may  be  uslhI  iti  place  of  tliose  stipulated.      Uniler  llic  Ei^ 
li.^h   law,  the  pn>vii?i<ui.s   for  lighting  antl  veiitihiting  mu.-iit  H'ceivt' i 
appi^jval  of  the  Enugratioii  OJiicer  at  the  p»rt  of  cleanincit,  Jindj 
there  aiv  as  many  as  a  ImndnMl   [wissengeis  on  liostnK  thv 
\k'   providtKl  with  *' an  afkHpmte  and    imipc-r  ventilating  in  M 

be  a|»]>rovttl  hy   such  ot^eer  am]   titte<:l  to  his  .satisfaction/' 

When  artitichd  hcsiting  is  reqinre<l,  nse  is  made  of  ^tovt^  ain! ! 
heating.      In  the   t^»recastle  of  sailing  vessels,  small  square  stwt?*  i 
east  in  HI  with  a  movable  er*ver  are  en  in  loved.     Thev  are  dirtv,  in 
venientj  and  generally  uusatisfaetory. 


GEKERAL   HYGIENE   OF   SHIPS. 

Of  the  verj^  first  iniiwrtanee  in  the  hygiene  of  ships  k  general 
cleanliness  of  ship  ami  [lersonneL  t'leanliness  of  the  ship  mjuiit* 
<*onstant  watch  lid  ness  and  unremitting  attention,  and  daily  in^peclM^n 
is  nt^^essary  to  insure  thiit  eleardiness  is  not  w  holly  sajH-rtieial,  sinop  it 
often  liajtiK'ns  that,  whereas  tliedeeks  and  all  visible  jxjrtions  an*d«n, 
]wrts  which  are  out  of  sight  are  not  in  a  wholesome  condition.  5a\i 
vessels  of  all  ctiuntries  are,  ae  a  class,  much  more  carefully  lix>ked  ; 
in  this  ri'sjH'ct  than  tbc^se  of  the  meix*hant  marine. 

In  secnring  cleanliness,  it  is  a  mistake  to  nsi'  water  t«vi  frerpiently  J 
in  too  gix^at  abundance,  and  great  eare  should  be  Uiken  that  all  ?uji 
fluous  water   is   removetl  as  tpiickly  as  possible  fnim   all   pirts  l« 
de<'ks,  since  rme  of  the  carduial   diivctions  is  to  keep  dn%  for  ib 
ships  are  notoriously  unliealthy.     The  dampness  that  c*aidcns(^  I 
the  moist  air  Ufurn   the  surface  *>f  metal  plates  and  overhead  luiiajsj 
a  isouree  of  grrat  annoyance  from  its  omstant   dripping,  and  keep^l 
a   continual  dampness.      This    cjin  be  remedie*!    only  by  sheathing 
eoverings  of  nrui-mndnetiug  material,  such  as  gran ida ten!  cork  «tr  i 
Ix'stos   Ji!)er. 

Tlie  most  difficidt  parts  to  ket^p  in  even   fiiirly  sweet  conditioni 
the  bilges,  in  which  collects  that  most  disagrei^able  and  offensive  liqtl 
know^n  as  hi/ff-water^  the  internal  tlrainage  of  the  ship»  much  of  whi< 
in  womleu  shi[>s,  Iraks  t*mm  without  iuwjtnL  througli  the  <esim!^. 
ilisgnstiog  txhir   of  lulge-water  is   due   to    the  drrompisitinn  nf 
organic  matters  present,  and  to  tlie  reduction   of  sulphates  of  tbf 
water    to    sulphides.      The    bilges    ntjuin*    ix*riiKUetd    pumping, 
arc    cunuected   for  this  n^ason   with    pum[»s,   known  as    bilge-ptimp 
TJie  bilge-watex  nemovetl  is  disrhargtH.1  into  the  sesi,  and  after  remoM 
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the  bilges  are  Pushed  with  ckfin  sen-water  unil  again  piim}x^l  trnt ; 
isorae timers  they  are  regularly  dtNidorizal  and  disinltx-tetl. 

Next  ill  inipnrtjiiK'e,  on  acermnt  of  their  eojinjionly  unwhole- 
some eotHlition  and  the  ilitheuity  with  whit'h  they  are  made  clean 
and  ke[>t  so,  are  tlie  |)eaks.  In  small  vessels,  the  iVire-{K*ak  very 
commonly  causes  fouling  of  the  air  of  the  erew's  <|narters  in  the  fore- 
<*astle. 

From  a  hygienio  standjKHnt,  the  stoke  hohls  of  steamers  are  of  great 
iniportanee,  for  here,  in  a  very  restricteil  spaee,  exp*is*«il  to  excessive 
heat  from  the  furiiaees,  the  stokers  pt-rform  their  exliansting  otfiee. 
The  air  of  the  stoke  holds  is  couuniuily  not  ouly  excessivi'ly  hot,  but 
exeeetlingly  foul^  ami  these  e<>nditions  am  W'  abater!  only  by  projwr 
ventilation,  whieli  may  be  secare<l  either  by  means  of  mechanical  iippli- 
anees  or  wimisails. 

Water-closets  and  latrines  should  be  of  as  simple  a  tyjie  as 
possible  and  capable  of  efTective  flushiog.  The  s^iil-pij^s  may  dis- 
charge abiAx^  or  Ix'low  the  water  line.  Where  closf^s  nnist  be  hunted 
below  tlie  water  line^  s|wcnal  pumping  arrangements  are  provideil  for 
their  emptying  and  HiisMng.  Then*  pkieing  differs  aeeording  to  the 
i^ize  antl  character  of  the  ships.  Latrines  for  the  crew  are  placet!  for- 
waril  and  eomfjletely  discf>nneeted  from  the  foret^astle,  Thc»y  ai*t* 
tsnpplied  at  the  rate  of  not  less  than  thrw*  for  evary  liniidred  men. 
Urinals  are  commonly  a  source  of  gi'eat  nuisiinee,  and  hence  re<|nire 
^xtru  can*. 

On  piisscnger  ships,  three  closets  should  be  provider]  for  every  hun- 
dred prsons  esirriiHl,  and  they  should  be  so  hK*Mte<l  with  reference  to 
j^let^ping  qnartt^rs  tliat  they  may  n(»t  gi\'e  rise  to  luiissmee. 

Whenever  weatluT  and  other  circumstiuices  jwrmit,  all  iKnlding 
.should  be  thoroughly  airtnl,  «ich  article  being  liroiigtit  U}>  from  lielow 
and  exposeil  sejmratcly,  iastcoed  to  tiie  rigging  or  n|Mni  the  girt  lines. 
Hammocks  shtudd  Ix*  thimMighly  clcirtKHl  and  drit-d  al Hint  once  in  every 
fortnight.  Blankets  should  be  washcNl  with  s<iap  at  h'ast  every  six 
months  ;  liam mocks  and  all  articles  of  Ixdding  should  \k%  when  prac* 
ticable,  expostxl  for  [xu't  of  each  day  to  tlie  itirect  action  of  the  sun- 
Hglit, 

For  methmls  of  disinfection  and  general  cleansing,  the  reader  is 
referred  t*t  the  chapter  on  tinarantiue. 

Personal  cleanliness  td'  the  men  is  of  even  grt^nter  importance  than 
ch»anliness  of  their  surnmndings,  and,  indeed,  the  two  go  hand  in  hand, 
for  men  ot' cleanly  hal>its  will  not  jxrinit  tlieir  sorronndings  to  be  other- 
wise than  wluilcsomc,  and  those  who  are  not  naturally  so  inclined 
slionld  be  raptircd  to  kee]i  themselves  clean.  I^^ich  man  should  be 
alh^wed  a  sufficient  supply  of  fresh  water  daily,  and  the  necessarj" 
apjilianees  f^^r  wasliiug  should  1k"  pr(>vide<l.  In  navies,  the  washing 
of  thcjxrson  is  conunoidy  made  a  part  of  the  routine.  Spitciid  provi- 
sion for  the  *^ire  of  the  ]x*rson  is  retpiirefl  for  tliose  Mho  have  the  dirt- 
iest work  to  |>c*dorm,  namely,  the  liremcn  and  stokei's,  siucx^  their 
rK*cupation   precludes  the  use  of  much  wearing  apparel^  and  the  air  of 
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the  place  where  they  work  is  laden  with  coal  dust  and  so  hot  that  thdr 
bodies  are  constantly  bathed  in  perspiration.  Short  bath-tubs  of  gal- 
vanized iron,  a  sufficient  number  of  wash-basins,  and  a  reasonable 
allowance  of  water  and  soap,  should  be  provided.  Given  the  conven- 
iences and  encouragement  to  make  use  of  them,  the  chances  are  that 
they  will  be  appreciated  and  freely  used. 

As  is  the  case  with  soldiers,  it  is  of  very  great  importance  that 
sailors  should  be  kept  busy  and,  at  the  same  time,  should  have  j?uffi- 
cient  time  for  relaxation,  which  they  should  be  encouraged  to  spend  in 
such  pursuits  as  will  conduce  best  to  the  promotion  of  cheerfulness  and 
the  prevention  of  ennui. 


CHAPTER    XI. 


TROPICAT.    HYGIENE, 

THE  SOLDIER  AND  THE  CIYIUAN  IN  THE  TROFtCS. 

The  following  pMgt^-^,  tlealing  with  hygiene-  in  tlit;  tropics^  have 
greater  general  applieahility  to  the  life  of  eiviliiiiis,  who  have  a  wide 
choice  in  their  mode  of  life  and  distrilnition  of  their  time,  hnt  t!ie  main 
prineiplei^  are  wpUiUy  applteable  to  the  lifeof  tlie  soUlier,  even  although 
his  liberty  of  aetiou  in  the  following  of  his  own  inclinations  is  very 
greatly  restricte<l. 

It  is  a  very  cx>mmon  mistake  among  pt^rsons  reared  in  temperate  cli- 
mates to  suppose  that  the  rliange  to  i\  tropieid  eliniate  niean^s  ehiefly  a 
srndden  aeeess  of  heat^  and  that  it  is  simply  this  inei^ett^ed  heat  wljicb  one 
has  tfi  consider  ;  but  it  is  not,  as  a  rule,  the  aetual  temj>eratnre  ^vhieh 
affw^ts  the  indiviihial,  tor  in  the  Nnrth  we  may  have  for  day  si  at  a  time 
a  higher  temperature  than  obtain??  customarily  in  scmie  parts  of  the 
tropies,  withuiit  siiifering  in  the  same  way.  The  i>rineipd  tlifferene*^  lies 
in  the  exeessive  tn^pind  hnmidity,  hut  tropicad  climates  are  unt  etpially 
hum  id,  some  l>eing  exceetlingly  moist,  and  some  except  ionally  dry. 

In  some  jicirts  of  Austnilia,  for  example,  the  climate  is  excei^dingly 
dry  and  the  tern jjerat ore  is  ver\^  high,  and  yet  there  is  much  less 
liability  to  sunstroke  and  heat  apofdexy  tlian  in  s(ime  parts  of  India> 
where  the  tempenitui*e  is  less  liigh,  bnt  the  atmosphen^!  exceedingly 
humid.  Since  all  hot  climates  are  not  alike,  the  mode  of  life  also 
varies ;  and  in  any  ease  it  is  necessary  in  take  into  considenitiou  the 
fipet^ial  hieid  characteristics  of  climate  and  the  metliuds  of  life  iblluw«Hl 
by  the  natives,  and  if  one  takes  care  to  adajit  his  rluthiug,  his  diet, 
and  i^ersonal  habits  to  the  conditiiais  which  surround  him,  life  in  the 
tropics  may  be  bejxnible,  even  if  not  thoroughly  enjoyable.  On  this 
[M»int,  Dr.  k  (>.  L,  Potter,  U.  S.  V,,'  writing  on  the  sjiot,  says  :  **  If 
peoph-  c-an  take  reasonable  care  of  themselves,  and  dt*  not  give  way  to 
exct^sse-s  in  any  form,  drink,  eating,  or  working,  they  will  live  as 
healthily  in  Manila  as  in  New  Orleans  or  St,  [^ouis  or  New  York." 
But  they  c^muftt  withstand  the  effects  i^f  any  tro[>iml  climate  for  long 
without  an  m*casion!d  visit  to  the  tem|M^nite  /tme,  for  prolnnge<l  resi- 
dence brings  about  an  undoubted  dett  ri(jnition  of  the  system  iu  sjvite 
of  all  piissible  care. 

Aeeoi-ding  to  Freeman,-  Eurnpeans,  after  some  yt»ars^  continuous 
residence  in  a  hf^t  r'ountry,  degenerate,  losing  energy,  initiative,  and 
memory,  which,  fn*m  a  raUitary  |>oint  of  viewj  is  not  oomi>eusated  for 

»  Notes  f>n  l!ie  Philipi>Jiie«,  PbUjulelphin  MwHcal  Journal  AprU  7,  Hl(K>  p.  803, 
'  The  Sanitation  of  Britij^h  Troopji  in  liitliii,  iv*nulim,  ]8l*U. 
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by  diminishf-tl  liability  t^i  dix/ase,     Ht'iico  xhv  necessity  ''"  ' 
at  stat*^l   iiitiTvals,      Pntter  say?^»   *'  Many  of  mir  nlder  <>^ 
niidergi>ne  a  prmt^ss  of  m|iid  agin^  here  without  any  deliDile  aili 
tc»  accNHiiit  for  tlipir  conditirau     They  simply  gmw  rbitiner  ainl  tliij 
day  liy  day,  riniiHii^  dnwo  trradnally  in  ]>hysir'al  titrcfijErth  a.-^  omami 
gtjt»:?  oil,  until  tiiially  i\n*  iivnvml  lakes  pity  and  semis  tUem  litime,*' 

AceHrdiiig  tu  a  iiunilw^r  of  <>bserv*'rs,  the  body  tc^inpcnUiirp  of  nnr 
arrival  in  hot  climatt^  is  ap|)reciably  ekvated  (0.4— (>,J»  dfgm?  F.) 
above  tlio   noraial,  and    inider  some  iH>ndit ions  of   high  trnip  r 
iiuu'v  the  hudy  nuinot   radiati'  ht*iit  to  ht>tt-er  i*urn)unding  air,  tin 
tornprratiHV   may  ron  as   liigh  as  102*^   in  hc^alth,      Th*-  biMiy  i 
rh'pendeut  eldcfly  Lij>on   evaporation  from   the  surface  for  the  k'  ,    •    -j 
down  of  the  tem|>erdture  as  nearly  as  iM>ssible  to  nnmial.     Bui  when  ■ 
liiigh  tomprniture  is  cHnjoin<Hl  with   high   hurnidrt}',  the  dir 
tliseomfort  are  mu(4i  inereased.     ('<»niimie<l   moist  liesit,  thr     . 
fliien(*e  on   metabolism   and   the  various   fnnetions  of  the  Uwiy, 
great  nervous  ex hathstion  and  general  deterionitton.      The  respinu,  ..^ 
depressed,  tlie  force  and  rate  of  the  pulse  hjwered,  the  mind  bt-cniDe* 
diilltiHl  ;  the  sweitt   is  dnubled  in  amnunt,  and   thirst   inoreas^^  in  pro- 
port  itm  ;  tlie  digestive  fnru-tirm  i^  weakened,  and  apjx^tite  for  ev^r'U  tilt 
lessene<l  neet*s«ity  for  KmhI  is  dimiuish<<l  and  requires  ctmstant  stii 
tion.     The  bo^ly  lc»ses  in  weight,  and  l>oth  bmiy  and  mind  in  en( 

Dr.  Fetlerifsj  Mcuitahlu,  of  the  S]>anish  Navy,  in  a  pnictiml 
htiok  *  written  fnr  the  use  fif  Euni|»eans  intending  to  visit  llio  Sjiaji 
etilnnies,  |nd>lished  just  prior  to  the  f*ntbreiik  <»f  our  war  with  S] 
nrgtv  upon  thfise  wlio  arc  not  sure  of  the  snundnes*^  of  their  bnilA 
the*  ne<^essily  ni'  snl>mitting  theniselves  for  tliortaigh  jihysi*«d  i*xaniii»* 
tion,  sini"e  a   trivial  aibnent,  easily  enn-eelt^l  at  home,  may  ilovelup  in 
the  trnpii's   ituo  a  troulde  not  easily   managed*      Potter,*  alsii.  on  rbt< 
latter  p>int,  remarks  :   ''  It  is  all  very  nice  a^  long  aj«  i>ne  is  well,  birt 
those  wht»  gi*t  siek  don't  easily  rtx*over  here,     Convalesi:^Doe  k  xttf 
slnw   and  very   diffienlt."     And  agsiin,  **  the  general   elimate  of  the;^ 
island-  is  wii   pernieious  for  those  who  are  aide  to  avoid  expisiiiv,  Init 
wlien  limken  ihnvn  hy  hardship  or  ineidental  disease^  eomplete  rw^wm 
is  doubtful  and  eonvale.seenee  is  very  slowly  established/*      Bnntt  ain) 
Legraud;^  alsei,  lay  stress  on  the  necessity  of  seleetion  of  h<'»ilihy  iwl^ 
viiluals   for  service   in   the  tropics,   s:iying  that  if   the  soldier  \^  tt*» 
vonug  or  if  his  eonstitution   is  not  stiTing,  he  will  \w  an  i^sy  piry  t»> 
ilisease,  while  if,  fiu  theeontrarVj  he   has  l>een  carefully  s^'hx-tetl  in  ilf** 
light  of  the  peenliar  conditions  and  the  demand.-   u|wm   his  f>tnv\ 
lie  will  be  Ix^tter  able  to  resist  morViid  influeiiei's. 

Dr.  Liicea/  sp'akiug  from  an  ex|KTienf»t^  of  a  nnmlKT  of  yinir^a*! 
military  surges >n  in  Borneo,  urges  the  exercise  of  great  eare  to  m^ia^ 
tlie  health  of  tro^ips  on   rrans|)orts,  so   that  they  may  not  1^  lamltd 

*  Gijift  Pniftit'n   Hi^rit-ninn  v  Mt^lk^i  del  Enr<»fte«>  en  lri«  Rifstw  Torridti*  (FiJip 
t'uha,  Pitvrtn  Kicu,  Fernamin  l*6o,  etc.),  Mudikl,  L'^tKS,  p,  19, 

*  Hypi^m*  du  *Sildia  mna*  k-^  Ti-o|ii«jui^*  PiiiiH,  1M08, 

*  Eitiimf  rk'nierkunjijen  tilwr  Aeclirmiti;<tdfm  utid  Leben  in  ck^u  Tnipen.  M«ni<*l»<^^ 


ly  sick  ami  wesik  an<l  rvndy  tnr  sliipnu'iit   hiiiiio.      lliiH4t  ^  ailvi-<es 

Ki  are  prcme  to   iUtvchis   disonU-r,  tlmso  alrt*july  MitltTiiig,  iiiid, 

e  all,  epileptics,  tt*  ket*p  away  i'rmn  tlie  tropics  ;  aiitl  Maek^Kl "  oflers 

game  atlviiT  to  luiVHiie  wlias'  lietirt  aiul  liltHxl-vessels  are  not  wholly 

irinal. 

It  is  also  well  to  i-Iiouk-,  if  possilile,  tlie  ixst  time  r^f  year  tnr  latitl- 

Tbere  are,  it  is  triK%  only  two  seasons  in  the  tropies,  tfie  dry  and 

rainy  ;  but  tltere  are,  iieverthele*'»,  transition  perirxls  of  greater  or 

w*ic*r  dtiratioiu 

Residence. — If  one  has  a  ehuiee  in  the  matter  of  re.^ideneej  it  is 
"lft»il  to  l»e  eaiitioas  in  its  exereise,  anti  to  heg-in  on  higli  land  and  away 
ironi  the  e^wist.  The  En^disli  have  long  rti^Hignized  the  nei'essity  of 
•eDiling  their  soldiers  inland  ant  I  to  the  hills,  when  niilitiiry  require- 
ments  are  nnt  f»ppose(L  After  getting  soniewliat  aeeustomed  to  new 
eonditions,  tlie  lower  parts  and  the  e«)ast  may  graihially  be  ventured 
tip>n. 

In  some  |Kirts  of  the  trupies,  it  Is  (nistomary  to  leave  shx^ping  ajmrt- 
mt^ts  0(>en  during  the  day  and  elosiil  at  night ;  but  in  others,  the  ctm- 
inn'  i>  the  ruli\  tiie  doors  and  windows  lieing  elf^snl  hy  day.  The 
b€?*t  form  of  lied  is  that  niade  «if  not  too  Ik^vv  ir*)n^  with  a  iWime  or 
olher  device  to  su|>fH>rt  a  ninsijuito  liar.  The  bed  sliould  Ik*  i>laeed 
away  from  the  walls  and  out  of  draughts.  The  legs  sliould  stiind  in 
iMiiiill  vessels  Hlhni  with  water,  in  onler  to  keep  awiiy  small  erawling 
iil»!<eets.  If  in  thr  t^onntry  and  neither  betl  nor  hammo(^k  is  to  be  had, 
and  one  is  ohlig^Hi  t<i  skrp  on  the  floor  or  gninnd»  a  rubl^er  or  t>tlier 
wsiterpronf  shei^t  or  a  dresseil  hi*le  slumld  he  spread,  anil  the  biKly 
sihould  lie  well  prtitet^tixl  against  eondensing  moisture  and  trouljlet>ome 
ini*ects. 

Habits  of  Life. — All  autliorities  agrw  in  at  least  one  jmrtienlar,  and 
liiat  is,  in  urging  miMleration  in  all  thiug;^ — diet,  diink,  work,  exercise, 
The  diet  sliould  l>e  ehoseu  with  care,  and  icetl  drinks  taken  in 
gtent  inmleration,  if  at  all.  The  clothing  should  be  eliosen  with  judg- 
ment, both  as  t*i  proteetion  from  the  heat  of  the  sun  aurl  against  chill- 
io^  of  the  liody. 

Work  should  not  Im:  excessive,  nor  should  it  lie  perfianiR^l  in  tlie  sun 
during  the  hottest  jmrt  of  the  day.  Montahlo^  advises  one  U>  rise 
with  the  sun  and  take  a  fiuJck  cool  hath,  and  then,  after  a  light 
brt-iikfast  i*f  cotltH:*,  ten,  *»r  elmeohite,  with  a  little  bread,  to  attend  U* 
whatever  duties  one  has  to  (lerforni,  until  about  lO.^iO  a.  M,,  wia^n 
latieheon  may  l>e  had.  This  should  not  be  liLtivy  as  to  ffiod  or  drink. 
The  latter  tnay  consist  of  a  little  water  with  ckret  or  lemon  juice,  or 
Un  op  euifee.  If  one*s  work  is  out  of  tloors,  it  should  not  be  resumtHl 
brfore  *\  in  the  artemoon,  and  in  llie  nieantinie  one  should  rest  imloors, 
AtUT  <i.*iO,  a  suhstantial,  lint  not  too  hearty^  dinner  should  l)e  taken, 
oh*iiTving  the  sinu*  mrMleration  in  th*^  matter  of  drinking.  One  should 
never  go  out  with  an  empty  stomaeh  Uiir  do  svork  immiKliately  after  a 


-.' Jwunial  tif  Tnjpifal  Medidu^,  VuL  I.,  Ni>,  1. 


*  Loco  citato. 
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meal.      After  <! inner,  a  walk  «pr  sonie  tiimi  of  recreatiou  antU  10»$l 
thtTCiibouts^  which   is  thf   jtrc^pH'   thuf   fur   ivtiriug. 

One  i.s  ikIvlscn!  strongly  not  to  expose  one's  self  to  the  cool  ei 
night  air  ;  to  jivoid  etAd  Ijatlung  and  njld  drinks  while  iM»nH|>iriii^f ;  i 
<*s|R'eiiilly  to  uvfiid  standing  fnr  a  hnig  time  in  the  shade  in  pir 
%vet  with  jM*rs|iimtion,  If  uiu'  is  e<nn)K'llrd  to  l>e  exjwfcsed  to  lhe| 
long,  the  I  protection  atlonled  bv  uinhrellus  and  coloreil  s]>ec*Uirie 
heat  and  glare  should  he  sought.  The  eouseciueneefi  of  exjxiHUi^i 
be  exeeeilingly  sevei-e  or  even  fatal.  Thert*  are  \^rious  form* 
what  are  eonnnonly  known  as  snnstn)ke  and  he«t  apoplexy,  X 
eHnnnnn  iorin  is  one  of  syn<'0|H\  Irronght  on  by  overexertiou  in  fH 
clireet  sunlight  or  even  witlnn  ilu*>rs  by  one  aln^ady  in  a  deprc>>ixi  iii 
dition.  Tlie  skin  is  moist  and  elammy,  the  pul»e  ven'  feeble 
almost  imperceptible^  the  nuisenhir  piwer  almost  t^inipleteiy  hiet, 
miiy  oeeur  by  cjirdiae  fiiilure,  but  riH-iivery  inider  apjirupriate  treatJ 
is  the  gtMieral  rule.  Another  tbrm,  due  to  direet  action  of  the  m 
rays  on  the  brain  and  eorti,  is  in  tlie  nature  of  a  verj*  sudden  Rn-fl 
sh(X*k  affecting  the  respirator}'andmnliaceenters,and  commonly  qiiir^ 
fa  tab  IVHujilete  recovery  is  rare.  A  third  form,  eoninionly  kmnvni 
lieat  apojilexy,  is  <lne  to  exposure  to  constantly  high  temjiemtan'  n<4 
net^essarily  involving  direet  exjjosure  to  the  sim,  and,  in  fact,  may 
occur  in  cloudy  weather  and  at  niglrt.  The  whole  bixJy  liecomeH  ovit- 
heated  and  tlie  tempiTatuit*  may  exe*^  110°  F.  The  skin  is  giput*nillT 
dry»  all  trough  sometimes  moist ;  the  pulse  full  and  regular  oi 
and  irregular;  respiration  labortnL  There  is  intense  restlt  - 
and  epilcptiff*nn  convulsions  may  sui>ervene.  Thei^  ca^cs  are 
fpientty  fatal,  and  if  recover^'  occurs,  it  is  not  complete.  In  In 
aeconling  to  Freeman/  heat  a|x>plexy  and  sunstroke  fKvur  usually 
toward  the  end  of  hot  weather,  although  the  midday  sun  is  stmni: 
ennugh  in  most  places  to  cause  severe  headache,  if  not  sunstroke,  i\»_ 
year  round. 

For  the  avoidance  of  suustr^)ke,  in  addition  ti»  having  pn^juT  ! 
covering  and  umbrella,  the  neck  and  spine  shouhl  be  prf»j»erly  pn>tec1ti[ 
from  the  sun*s  niys.  The  <iiHil>le  pleat  in  the  back  of  the  NVirfelL 
Jacket  is  intended  as  a  proteetiou  to  tlie  spiue.  A  few  trn^cn  W| 
the  hat  are  eometimes  conducive  to  coin  fort. 

The  commonly  given  advice  to  folhiw  the  customs  ami  iuibits  < 
natives  in  resfject  to  diet  and  ]>hysiral  exen'ise  can  be  ?iceepte<l  <mly  in 
part,  for  the  native  of  the  tropie>  is,  as  a  rule,  a  lazy  individual  wK'» 
merely  exists  ;  the  wear  and  tear  of  his  system  recpiire  but  little  in  i 
way  of  repairj  and  his  food  is  of  the  simplest  kind  ;  he  has  no  i 
tion  and  no  desire  to  hoard  U|i  a  fortune  which  he  cannot  u>e: 
between  his  indolenei^  and  our  high-]iressurc  life,  there  is  a  happy  rac 
especially  in  the  trojiies. 

Diet*— ^The  f|uestion  of  diet  in  the  tropics  is  a  very  serious  i»m*,  1 
errors  may  be  followed  by  disastrous  results.     Since   prolougc<i 
exerts  an   unfavorable  influenee  on  digestion,  this  function  shmiW  i 
*  Joumtil  r»f  Tropical  Mcilirmt^  Vu>!.  L,  Ko*  1. 
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be  made  to  bear  too  heavy  a  burden,  and  it  becomes  necessary  to  re- 
■trict  the  diet  in  several  (larticulars.  No  more  food  should  be  taken 
(km  can  comfortably  be  digested,  for  both  dysentery  and  diarrhoea  are 
tkvored  by  the  irritation  caiLsed  in  the  intestines  by  food  partially 
Sgested  or  undergoing  fermentative  processes.  But  the  change  from 
ttie  accustomed  diet  should  not  be  made  with  too  great  abruptness. 
^  The  natives  depend  chiefly  upon  a  vegetable  diet,  in  which  rice  and 
fceans  and  fruits  of  all  kinds  play  prominent  ))arts.  Meat,  if  eaten  at 
illy  is  taken  usually  in  very  small  quantities.  As  a  rule,  in  hot  climates, 
H  is  not  tender,  for  it  cannot  be  hung  days  and  wei^ks,  as  with  us,  to 
ripen,  but  must  be  cooked  and  eaten  within  a  very  few  hours  after 
riaoghtering.  Fish  should  not  be  used  unless  very  fresh,  and  shell-fish 
of  all  kinds  should  be  avoided.  Fresh  milk  is  ordinarily  not  to  be 
Ind  or,  at  least,  is  difficult  to  obtain.  It  si)eedily  sours  and  becomes 
unfit  to  drink.  Condensed  milk  of  good  quality  is  more  to  be  de- 
pended upon.  Vegetables  should  be  thoroughly  cooked,  or  they  will 
■eriously  tax  the  digestive  organs.  Fmits  should  be  perfectly  ripe  and 
louiid;  over-ripeness  is  quite  as  objectionable  as  greenness.  Over- 
indalgence  in  fruit,  even  of  the  best  quality,  and  especially  in  the  sour 
fraits,  is  particularly  to  be  avoided. 

Tea,  coffee,  and  chocolate  are  advised  in  moderation.  Lime  juice 
irith  water  or  cold  tea  makes  a  most  refreshing  drink.  Tamarinds  in 
water  are  also  most  grateful. 

If  alcohol  in  any  form  is  desired,  the  light  wines  diluted  with  water 
toe  recommended  more  highly  than  beer.  Spirits  are  generally  con- 
demned, but  there  appears  to  be  no  valid  reason  why,  when  very  largely 
oliluted  with  water  or  soda  water,  they  should  exert  a  more  pernicious 
influence  than  wine  only  moderately  extended.  In  any  event,  alcohol 
shoald  be  taken  only  with  food. 

nie  Use  of  Alcohol  in  the  Tropics. — ^^Vriters  on  tropical  hygiene 
are  almost  unanimous  in  the  opinion  that,  whatever  may  be  said  for 
and  against  the  use  of  alcoholic  drinks  in  other  climates,  their  use  in 
tlie  tropics  constitutes  a  distinct  danger,  and  that  much  of  disease 
eommonly  attributed  to  climate  is  due  actually  to  alcohol.  Es|)ecially 
is  this  true  of  the  various  renal  and  hepatic  troubles.  Acconling  to 
Treille,'  the  abuse  of  alcohol  is  the  (?hief  cause  of  the  frequency  of  dis- 
eases of  the  liver,  not  alone  among  visiting  Euro|)eans,  but  among 
natives  as  well. 

Dr.  Chr.  Rasch,'  speaking  of  the  futility  of  talk  about  Europeans 
getting  accustomed  to  continue<l  high  temi^rature  with  high  humidity, 
and  describing  the  various  steps  in  physi«il  and  mental  deterioration, 
to  counteract  which,  one  turns  to  alcohol  and  other  stimulants,  says 
that  these,  together  with  insomnia  and  enforct^d  lack  of  exercise,  bring 
about  a  general  atonic  condition,  or,  in  other  words,  a  lowered  j)hysio- 
log^cai  resistance  to  disease>5  in  gi»neral.     Dr.  Breitenstern,^  wlio  for 

'  Principeft  d* Hygiene  colonialo,  I'anH,  1899,  p.  272. 

•  AUgemeine  Zeitschrift  fiir  Psvchiatrie,  1897,  p.  745. 

•  Hjgiene  in  den  Tropen,  MoiialMs^hrift  fiir  GesundheitKpflege,  1898,  Nos.  7  and  8. 
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tsvonty  years   i^ervtMl  as  an  amiy  siir^ieon   in   tlie  Malay  AivBi|l 
givej5  it  as   liis  c>|jini*jn,  bastnl  ^n   k>ng  ul>s«»rvatinri,  timt  totiil  wX^Xh 
iieiitf  ivinn  nlvxAnA  is  far  prcfrrable  to  even  ibe  iiit^t^t  QHKlt*nit**  tmW 
genet?. 

A  writer  in   Manila   has  pnintt'dly  remarktHi  foiic4.*rniiig  i\w 
of  till-  Amt^riran   tnM*|):^»  **  It   is   not  so  much  the  rlimatc  as  tb*^  ^U"* 
bottle  whifh  injmvs   people  «uit  iiere,*'  wliieh  statement   is  eorr<*Uuuta 
by  another  who  hail  seen  actual  service  a^s  a  niemljer  «if  a  comimod 
many  fif  whc^se  inenilHTs  \\\}tv  ti»tal  abstainers  autl  the  re.'^t  made 
of  nHxleniti'  tlrinkers  and  those  }>rone  to  exeeisties,  the   latter  eoosiiu 
ing   20  tu   25   per  eent.  of  the  vvhok'-     Of  the  latter  ela.ss,  only  tn 
returnetl   home  in  approximately  the  same  e(mditiou  iif  health  wtid 
they  enjoyed  at  the  time  of  enlistment.     Of  the  moderate  dnnkei 
who  confined   tlieni selves  to  malt   Uipiors,  a   lar^*   niajorily  f^uffei 
rnort*  or  less  impairment  of  general   liealth.     But  the  total  altetain 
rettnnKHi   almost  to  a   man    in   excellent   healthy   having  endurtd 
same   hardships  of  an    active   campaign.     The   same    <*orres|><mtlift 
Bpeakiug  of  the  far  gi'eater  harm  indoced  by  the  stronger  alcohi4i 
drinks^  relates   that   he   had    re|K'atc*illy    seen    American   fioldiersT 
spending   st^veral    hours    unrler   shelter,  drinking    round    after 
without  perceptible   ha  mi,   fall   over  with   all   the    symptc^ras  of  ^H- 
i?troke  as  s<ion  as  they  steppixl  into  the  glaring  mys  of  the  hot  mn. 

On  the  other  hanel,  in  opiKisition  to  the  gt^neml  opiuion  adverse 
ev*eo  the  mmleratc  ns(*  of  alec»hol  in  the  tro|iics,  Dr,  C  E,  W^wnhnifl 
V,  S.  A,,  after  a  careful  survey  of  the  conditions  obtaining  in  the  I*hil 
ip|)iti(*s,  declares  that  he  wonid  change  the  statement  in  tlie  gen 
ortler  fnan  liead([Uarters  of  the  army,  July  2,  1808,  **  The  histon' ( 
other  armies  has  demonstratHl  tliat  in  a  hot  elinuite  ahstinence  fmai 
the  uji?e  of  intoxicating  drink  is  essential  tn  continut^I  health  and  fB 
ciency,"  to  **  Ex|R'rieiice  has  demonstrated  that  in  a  hot  climate 
nioch'rate  use  of  intoxicating  drink  is  essential  to  <*ontinue«l  healtb  ao 
ellieiencv.'*  Me  asserts  that  the  almost  universal  drinking  must  me 
a  natuiti!  defensive  craving  occasiomxl  by  the  terriljlc  nervous  exlaiM 
tion,  a  true  neurasthenia,  tlur  to  long-contintieil  exposure  to  gi'cat  bfl 
and  atmospheric  humidity,  indicating  thiil  waste  is  grcjiter  tliaii  re|iai^ 
He  asserts  that  men  wlio  want  no  alcohol  at  home  have  thiii  defei 
sive  cmvinii:  for  it  in  the  Phili|»|jines,  and  cites  Sjianish  authority  tlu 
a  dailv  rati^in  of  wine  has  been  found  necessary.  Whiskey,  wt 
sullieiently  di luteal,  is  the  e<juivalerit  itf  wine,  and  the  Scotch  vanVt 
is  regiirckMi  by  him  as  siij>erior  for  the  ]iurpis4*  to  American,  whicj 
soon  occasions  nausea.  B€?er,  by  reitson  of  l>eing  conducive  to  roB 
iliarrho'a^  headache,  loss  of  aiT|*etit(%  and  giiieral  distress,  he  Pejr»n 
as  distinctly  harmful.  While  advcw/ating  the  modnnft'  use  of  nk-om 
he  l>e1ieves  that  the  results  of  abuse  are  far  more  serious  thftu 
liome. 

C'oneerning  l>eer  in  the  trt»pics,  there  is  much  divergetK'<?of  opiniou 
some  regtirding  it  as  a  valuable  .siifi^guard  against  alaijM*  of  .^trf»i 

'  Philsulelpliiit  Mt^liiui  J<nini:tl,  April  7,  U*On,  p.  Tt^ti. 
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holit^,  othern  a^rmnt:  witli  Wn*Hlnitt"  that  it  is  hiirniful.      It  Is  saiJ 
the  dririkiu*^  uf  nnirli  lH*tT  i'ollawrtl  Uy  bt-sivv  t^leupin^  ]iri"<lis]KisL"S 
sunstntke  aiNJ  heat  ajiH|*loxy. 

[Clothillg.^ — One  is  ailvLstil  to  t;ike  plenty  »*f  lifiht  cuttoii^  Imeii,  ami 
inn  niidiTwcar,  a  p^eTtenius  assort iiR'i it  <>f  trtjuser}-!  and  o/xit*  of 
ite  daek  or  (Ian net,  and  li^rlit  nieriint  stciekii);y;s.  High  hiwitSj  w*'ll 
1  and  with  hnh-nails,  laeed  bnots,  Irggiiitrs  uf  v\uth  and  heather, 
light  hn>tw*.>iir  tor  iiidi»(»rand  city  use  sh^mld  Im  inciiidwl.  Ijight 
rpHNif  outiT  ^irnii^nts  vvitli  oa|H*  arul  htH»d  aro  ivcorninendod,  and 
proto€li(*n  ngarnst  the*  son,  white  iniiljrt'Vlas  linod  with  Ijiae  or  gret^u 
lieriul,  and  sptH'tarh\s  with  grern  la'  hhic  (*ol*iri'd  gUiss<?f>. 
The  hrad-riiviTitig  should  Iw  selectt^l  with  tlio  double  considemtion 
<?rimiort  and  prot<Hrtion  for  the  hmd  and  neck.  The  material  of 
ieh  it  is  niado  shoidd  he  (^b^sc^n  with  regurd  t/o  hical  climatie  eon- 
ions.  In  a  ]>4irtieularly  (h*y  liot  eliinate,  for  instiinee,  pith  is  the 
St  Hri table  niatrriid,  Ijiing  light* t  tlian  either  eork  or  felt  j  but  a 
made  of  this  niaf4'rial  is  ahstdutdy  wurthlcss  in  a  wet  climate,  since 
being  ex|x>S€.Hl  to  rain  it  absorbs  water,  becomes  exceedingly  heavy 
efroni,  and  is  reduced  to  a  worthless,  sha|K'less  pulp.  Hats  shoidd 
pn»|K'rly  ventilattil  in  tht^  crown ^  and  tliere  shendd  1m'  a  generous 
for  the  tree  fwissage  (»f  air  betwtrn  the  head-lmnd  ami  tin* 
r  .Hide  of  the  liat ;  tliat  in  to  say,  the  hi^id-fjand  should  Ikj  fastenetl 
le  crown  of  the  hat  at  only  a  liniit<Hl  number  of  points  and  with 
tlcrvening  small  pieces  of  woikI  or  otiier  material,  so  that  the  ban*! 
sliidi  keep  its  proper  stiape.  All  head-coviTing  of  whatever  fiuni 
shoiihl  atr«ml  proiicr  protection  for  the  sides  of  tbe  head  and  the  ears, 
a^  well  as  for  the  front  and  l>ack.  A  puggi-ry  atlbnls  additi^mrd  pro- 
tix^tion. 

Tbe  brim  nf  tbe  lit  ^ad-covering  sh<tuld  Ik*  lined  with  si>rue  matt^ial 
of  nliluisli  nr  green  eohu",  as  a  relief  tu  the  eyes.  The  outside  siundd 
be  light  in  colon  The  head-band  is  made  of  k*ather^  and  is  easily 
Mitiinited  with  ]x^rspinitit»n,  ami  tlu'U  hardens  on  drying;  while  it  is 
wet^  it  is  excix^lingly  uiie^inif«irtablc.  If  covered  with  fine  tlarinel,  it 
will  Ij4>  tound  to  be  much  ninre  ccmdnrt4ihh% 

Jackets  arid  ufiirr  outer  gsirments  slundd  affonl  |>orfcct  fretHlom  of 
action  in  bith  riding  anti  walking.  Tbe  Norfolk  jacket  is  a  fH%^onte 
fiinii,  and  may  be  mnde  of  duek,  khaki,  or  si  mi  hi  r  nuiteriaL  It  in 
well  it\  letive  a  tt-w  inches  of  tlie  arm-seyes  unstitched  for  tbe  sake  of 
veutilatiiin.  For  shirts,  a  mixlure  of  silk  and  wool,  known  us  kashmir, 
1*5  reganicd  as  the  best  matt^riid.  Inking  very  light  in  texture  and  |H'r- 
fi*otly  rtl>*orlR"iit.  (Jmize  underslnrts  with  short-  sleeves,  or  with  no 
5l€«!Ve8  at  id  I ,  shoidd  be  wnrn  Ijcut^dh  the  shirt.  Klastie  cotbui  and 
jean  are  the  licst  materials,  so  Ww  as  condort  and  dunibility  sire  eon* 
<MTmil^  for  dntwers, 

If  one  IS  to  tlo  much  riding,  it  is  a<lvised  that  as  much  eare  he  ex- 
)N'n«li*d  in  tlic  s^eleetiim  <jf  a  saddle  as  in  selecting  butit***  since  ccmifort 
in  hors4'back  riding  in  the  tropicus  is  very  largely  de|}endent  upon  the 
fit  of  iiiv  saildh  . 
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Care  of  the  Person.  -Tlie  imtatinir  offwt  of  hot  uIikIs,  whic 
rjooiitly  t*4irry  Kur  jKirtk-K'.s  uf  hiind  hikI  ihi>.t^  and  the  ^lurt*  i»f  lbt*i 
whk*li  c«mduces  t<»  truuliles  with  the  eves,  ^hoiilii   l>r  truunled  agnitt 
Nt»t   infrequently  the  ear^»  too,  are  allbeted  iiijurioiL^ly  by  hot ' 
but  they  are  t'a^ily  pruteeteil  by  external  covering  iir  bv  ci»tti)ii-wii 
plugs.      Tlie  no,<e  unci   lips  an*  siibjtrt  to  eraekin^  and  an*  - 
diTnc8s,  which   niay  Iw  hL'l|R*il   l)y  enhl  erearn  or  some  siuiil 
tioru    The  nails  shouhl  he  kept  elosely  jmrei!,  8ine«*  they  bcooDic  i 
and  eraek  otf 

The  skin,  having  a  very  important  function  to  fulfil,  sboiihl  lie  I 
thoroiiijhly  rleaiu  if  on  no  f»tlier  aeeonnt  ;  Vnit  bathing  in  toij  <\>Ki  n^wrl 
or  Jor  too  lonif  a  time  slioiihl  he  avoidni.  Panisites  al>oNt*d  in  tni(*»itlj 
climates,  and  should  l>e  looki^j  for  on  the  |K-rson  ami  removed  witJi  bBI 
eare.  Amtmg  these  may  \m  mentioned  the  ehigfe,  or  ji^pt*r,  au  I'XCttM 
ingly  tronhlesiane  small  tim  (^Sareopiii/ffa  prtirfrniiM)  which  hum»^ 
W'neath  the  skin,  piHienlarly  of  the  feet,  an<l  l>t*neatb  the  uail-.  . 
first,  it  causes  only  itching,  but  if  n*>t  then  iTmoved,  sfiaq^  {Kiiii  ao 
inHanunation  en.sue.  A  half  tc*asp(K)nful  of  flowers  of  Hulphar  im 
tlu'  hIioc  is  sai<l  to  be  an  effieient  preventive.  Another  pimsit^  of  fn 
greater  importjinec,  esjK'cially  to  the  tnitJps  in  the  I'bilippines,  i.*  tti 
which  occasions  t!ic  dhcjliic  itch,  which  am  lie  avoide<^|  only  Uy  Vff] 
gn*at  attention  to  pensonal  clean linei*:?  and  faupient  changing  of  nodi 
clothes.  It  first  attacks  the  jierineuni  and  axilhe,  and  wben  the  aci 
t^tage  passes  by  and  the  inflammation  Si>niewhat  subsides,  the 
become  rulibcd  of!"  and  reach  the  iWt,  wlicrc  the  tn^nWe  8{»rt^dH 
idly,  causing  intense  itching  with  eon^*tpient  scrut<'biug  aud  the 
CO n tKH]i\ e 1 1  c'cs  t h erco f . 

Diarrha'a  and  ctmHtipation  are  alike  tx*  hM^avoidc*!.  The  former : 
be  cheektHl  nt  once,  and  should  on  no  acixamt  be  alhuvod  to  contin 
without  treatment.  It  is  easily  brought  lai  by  improjRT  or  ill-t*of»! 
foods,  impuiT  water,  green  and  over-rip-  fniit,  8nd»len  changes  in 
wwithcr,  and  intcm]K^ ranee.  Consti|katioii  j^hotdd  hi*  av^oided  by 
aotpiiremcnt  of  a  rcgidar  liubit.  Sometimes,  a  eup  of  tea  or  n^lTM*  on 
rising  will  act  beneficially,  and  oatmeal  and  ctmT>*e  bread,  fig*  and 
primes  may  he  fmmd  t<i  assist,  hut  purgatives  and  enemata  shinild  In* 
avoid<^l,  if  jKJSsihle  to  get  along  without  them. 

Tropical  Diseases, — It  is  beyond  the  scope  of  this  wcirk  to  entvt 
upon  the  field  of  tni|ii(^d  medicine,  l>ut  it  may  be  f^aid,  in  geiienil,  that 
the  diseases  nf  liot  climates  are  execHtingly  varicib  S»nie  of  theni  are 
pcindiar  to  certain  distrii'ts  ;  m>me  are  exnggerated  forms  of  what  wt*  la 
the  temiK^rate  zone  regard  a8  dinple  maladies.  In  general,  it  nuiy  be 
said  that  in  the  tropies  one  meet8  nearly  all  the  diseasis  of  the  xm- 
pemte  zone  i>his  a  great  variety  of  others,  hnt  some  of  onr  nmst  cain- 
mon  diseases  may  1x^  very  rare  in  certain  |>laces.  Thus,  scarlet  fever 
and  diphtheria  art*  rare  in  the  tropics  as  a  whole,  tnWreuhn^is  i*  nire 
in  parts  of  India  and  common  and  cpiickly  fatal  in  other  part^  of 
the  tropics.  Rabies  is  more  common  in  India  than  in  Englaml,  an*' 
the  victims  are  almost  always   Euroix^aus.      Leprosy,  beri-l)eri»  aii<' 
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elephantiasis  are  common  among  the  natives,  but  very  rare  among 
Europeans. 

Throughout  the  tropics,  dysentery  kills  many  more  people  annually 
•Aan  cholera,  and  works  greater  havoc  in  armies  than  the  contending 
.fixrces.  Typhoid  fever  always  appears  sooner  or  later  in  camps  of 
•oldiers  from  temperate  climates,  and  the  new  arrivals  are  commonly 
<lb0erved  to  be  the  most  susceptible.  This  disease  and  cholera,  accord- 
ii^  to  Freeman,  rarely  occur  in  India  during  the  hottest  months,  when 
the  burning  rays  of  the  sun  act  as  a  germicide ;  but  when  the  rains 
eome  and  sweep  the  accumulated  surface  dirt  into  the  water  courses, 
they  quickly  appear. 

For  a  most  interesting  description  of  the  diseases  observed  in  the 
tropics,  the  reader  is  referred  to  Dr.  Patrick  Manson's  Tropical  Dis- 
eases (second  edition,  1900). 


CHAPTER    XII. 
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ALTJion;!!  a  sujvpnstHi  relatinnsliin  Im^wcch  ins<'rts  and  the  ?i»reaJl 
di'  disease.s  lias  Ik^^i  con^^idrrKl  in  grcati^r  ur  It^Hser  detail  by  writers  ofi 
all  times,  it  h  only  witbiii  the  must  ret*ent  y*iirs  that  tbu  p»f»Siiiible  < 
niH*tinii  lias  1mx-!i  n»gar'ilH]  as  eirtitltHl  to  nio^t  serious  coiihideratiim.   Id 
is  not  straiigi'  that   the  Imre  stjiternents  nt'  aycient  wnters  ('ouoc-nuo 
the  infiuenec^  cjf  flies  and  otlier  insects  as  disseniiniitors  tif  jula^ie  m 
other  ilis<'ast^s  were  iit)t  rccTived  with  any  degri^o  ut*  credence,  for  irntJ 
reeent  advances  in  the  iields  of  baeterifilogy  and  Zfxilogy  made  dcfunB 
Sitnuiun  uf  tite  eonnei'tion  possihle,  there  was  no  more  r**as()iJ  for  ae 
ing  them  tljan  for  aeeejiting  similar  unsupported  asserfiopt;  cN>nn'mjfl 
the  aetion  of  elouds  an<l  things  siijxTnatnrah     But  as  our  knowk^iL 
of  the  exeiting  aiuses  of  thseases  grew  with  hacterioh»gieal  and  znoh)g!-' 
eaJ  research,  so,  also,  came  an  ajij^rmation  of  tlie  ftK»t   that  the««  «Ante 
causes  might  he  d  i  ssem  i  na t«?^  1   hy  i  1 1  sw  t  s  a  n  d  o  t  her  Ui wer  ftirros  of  t 
mat  life. 

l>isregarding    the    not    infreijuent    reports    of   ^ickne;^    and   deal 
nttrihute<l  to  instrt-liitcs,  whie[j,  so  far  as   one  may  know,  may  liaf 
J>ecome  SLH-ondarily  iiifi»eted,  it  may  l>e  said   that  serious  attention  \n 
Ufit  drawn  t(j  inserts  as  Iiearers  of  infwtion  mitil  the  early  9(Vs.     All 
ahhough  Nytt»  in   184H,  had  suggested   the   mosquito   m   a  cau&c 
mahiria  and  yellow  fever,  and  Finlay,  in  1?^81,  had  asserted  thai 
latter  disease  was  transmitted  from   infected  to  non-infect€<i  man  W 
these  insix*ts,   it  was   not   until   tlie  (losing  years  of  the  oentni^*  tiait     , 
these  thein'ies  were  dtMiionstnited  as  correct.  ^t 

The  insects  which  have  IxT'n  most  extensively  studied  are,  natURillf^^ 
thof^  which   have  the   greatest  opportunity   for  c*mtact  with   human 
lacings,  namely,  flies,  fleas,  hc^lhiigs,  and   mr»s<jnitoes  ;  htit  others  liavt* 
been  the  snhjcct  of  more   or   less   extensive    investigaii<m  which  hsis 
d<'nmiistrateil  their  capacity  for  cMmveying^  ex  tern  ally  or  within  the 
botlies,  virulent  liaeteria  of  many  kinds.     That  insects,  coming  in  tvn 
tact  with  material  cimtaining  f>athogcnie  bacteria,  may  convey  the  !^in 
direcdy  to  woinids  or  fcHid-stufls  upon  which  they  may  alight»  iiK<i 
hardly  to  he  demonstnited,  whether  tlie  organisms  are  adherent  to  i 
iNidy,  limbs,  or  proboscis  ;  hut  how  long  the  bacteria  may  retain  thi'ii 
vindence  during  carriage,  and  wliether,  if  taken   into  tEie  insivt';!  ali* 
rjientary  eanal,  they  can   snrviv**   the  process  f>f  digestion  and  l»edi^l 
<'harg<'d    in   tlie   tiei-es,  ran   lie  determined  i>nly  by  din*ct   experiments 
and  it  was  with  siirh  prohh'ms  tliat   the  first   n:^eanlies  on  the  ngeo*'? 
of  insects  In   the   tninsniission  of  disitise  were  engaged.     It  has  been 
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fouml  that  certain  s|^cie^  nf  Imi'teria  aro  di^o.stetl  by  cortaiu  iiistH*t^  ; 
l)Ut  it  must  he  Umw  hi  nnnd  h\  pmrliw  that  thi.s  .^huuhl  rmt  be 
ncceptf'd  LL^  the  inovitahle  or  even  usual  ivsiilt,  fi>r  ahhuiigh  tiit,--,  fur 
<'xani[plt\  will  iligtist  fertixin  harttTia,  they  ainnut  always  Uv  dejiL^iuIed 
iijKJii  to  ilo  so,  and  nmy  excrete  them  witli  other  undigeste*!  t'tKxL 

lit\^ides  tnuisitiitting  spmhe  liaeteria,  the  iiiseet  woHd  is  resjionsiljle 
for  the  sprea*!  ut*  jmnisitie  r*rj^aiiisms  lM_'hin|^iug  to  the  uuiroal  kiiigdoin, 
now  reeugnized  as  the  eauses  uf  malaria,  tilariasis,  and  yellow  fever ^  as 
will  lie  shown, 

FLIES. 

Although  the  j>os8ibiHty  of  the  spread  of  8uch  dtsea.sef*  as  cholera, 
dysentery,  and  typhoid  fever  was  deioonstnitod  as  early  as  18f>:2, 
the  niattiT  <Hd  nut  receive  particular  attenti*m  until  tlie  uniisiml 
prevalence  of  typhtiid  fever  in  the  great  military  camps  in  the  St>nth 
in  1808  was  made  the  subject  of  a  careful  intpiiry,  wliieh  lei  to  the 
cunclusiun  that  the  ^reat  swarnii^  of  fliesi  which  infested  tlic  camps 
were  largely  responsible.  A  series  of  interesting  exiK?rinients  on  the 
subject  of  inf(X"tion  through  the  agency  of  tlies  was  condneted  by  Sawt- 
ehenko  ^  with  [>nre  cultures  of  cfiolem  bacilli*  The  Imeilli,  ied  to  two 
kinds  iif  flies,  were  fi>nnd  in  the  excreta  aud  !h>w(^1s  as  late  as  four  days 
after  ingestion  ;  removed  nn  the  third  day  and  inneniatiHl  into  giiineu- 
pigs,  they  w^ere  found  U*  be  as  active  a,s  the  pure  cultures  themselves. 
Similar  results  were  obtaineil  when,  instead  of  pure  cultures,  tlie  dis- 
charges of  I'hiiiem  patients  were  eiuployinl  as  teedin^  materiaL  Some 
of  the  ex|)eriments  iudiL-^ited  titat  the  bacilli  }n^ul»ably  nndtiply  within 
the  fly,  \vhich  thus  acts  as  a  breezier  and  distributing  agent  at  the  same 
time.  A  fly,  aiuglit  in  the  autopsy  rmmi  at  Hund>urg  during  the  great 
choleni  (^pidiMoic  of  18JI2,  was  examined  hy  Simmcmds,"  and  yieldt?d 
nuni*T<JUs  baeilli.  This  snggestnl  an  inquiry  into  the  length  of  time 
the  poisfm  could  retain  its  activity  when  adherent  U*  Hying  inset*ts, 
and  cx{>erhncnt  showe^l  that  it  remained  virulent  for  at  least  an  hour 
and  a  half  after  drying,  Surgeon-Genenil  Sir  William  Moore  ^  drew 
attention,  in  189'^»  to  the  fact  that,  in  India,  flics  abound  most  ex  ten- 
sively  during  the  time  and  S4^8on  of  greatest  previdcnce  of  clmlera  ; 
he  snggesteil  that  they  might  act  as  ciirriers  of  typhoid  tinker,  |>hthisis, 
and  uphthalmia.  He  instanced  an  epidemic  uf  anthnix  sj>rc*ad  liy  flies 
whic*h  had  covereil  the  carcass  of  a  <hig  thrown  intf^  a  ditch.  It  a[>- 
pears  that  the  speciiic  bacteria  of  this  diseiise  resist  the  digestive  proc- 
ess, and  may,  therefore,  l»c  ilcpositt^l  frum  tlie  external  surface  or  in  the 
fsBCf*s.  Atx'urdi ng  to  Xutlall,*  who  was  the  first  to  present  from  the 
exceedingly  scatter*^!  literature  a  general  view  of  the  part  jilayi^l  by 
insects  and  other  lo%v  forms  in  the  tninsmission  of  hnmau  and  other 
djseiii?es,  flics  do  n«»t  convey  anthrax  1»y  biting,  }*ut  nuiy  iKM^omc  crushed 
upon  the  skin,  and  tinis  convey  the  organism  to  the  wound.  From  a 
p  *  C«Titralblutt  fiir  Bjiktenologie  nnd  Pjinwitenkiindt\  XII.»  p.  983. 


*  C«Titralblutt  fiir  Bjikteriologie  nnd  Pjinwitenkiindt\  XII.,  ^ 

*  I)eiitH**kf  meilhinL'^the  Wofheiiticlirifu  1^2^  No.  41. 
■  M*vlii"il  Mu^axiiu^  July,  1H<I;1 

*  Johna  llt>pkina  Hospital  Keports,  VliL  0^9^)i  ^^'  1  ^^^^  %  V-  1- 
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study  of  the  cases  cited,  it  appears  likely  that  in  many  instances  the 
specific  organism  may  have  been  present  on  the  skin  prior  to  the 
advent  of  the  fly  or  other  insect. 

An  instance  of  strong  presumptive  evidence  of  an  outbreak  of  chokm 
through  the  agency  of  flies  is  furnished  by  Buchanan,*  who  relate  tfait 
in  June,  1896,  9  cases  of  the  disease  occurred  in  Burdwan  jail,  where, 
prior  to  and  after  the  attack,  there  was  exceptional  freedom  from  bowd 
complaints.  The  water  supply  was  above  suspicion  and  was  the  game 
for  all  the  inmates,  who  numbered  190,  and  were  divided  into  two 
groups,  the  ordinary  prisoners  and  the  "infirm  gang."  The  ktter 
worked,  slept,  and  associated  generally  with  the  former,  but  their  food 
was  cooked  specially,  and  they  were  fed  in  a  separate  place  in  the  hos- 
pital  compound.    The  ordinary  prisoners — and  it  was  among  these  Ast 

Fig.  99. 
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GANG  AT  A  WERE  ATTACKED. 
GANG  AT  B  ESCAPED. 

Plan  of  grounds  of  Burdwan  jail,  where  cholera  Is  suppoaed  to  have  been  carried  by  flies. 

all  the  ciisos  occurred — had  their  food  prepared  and  were  fed  at  the 
extreme  opposite  comer,  diagonally  from  the  hospital.  Over  the  wall 
at  their  comer  were  a  deserted  compound,  and  a  row  of  dirtj'  hnts 
where  cholera  had  existed  during  the  preceding  year.  At  the  time,  the 
city  was  more  than  usually  infested  with  swarms  of  flies,  and  just  before 
the  outbreak,  a  storm  had  occurred,  during  which  a  strong  E.N.E. 
wind  blew  across  the  jail  yard  from  the  locality  mentioned.  All 
who  Mere  seized  were  among  those  who  were  known  to  have  had  their 
evening  meal  in  the  corner  during  the  storm,  and  it  was  believed  that 
swarms  of  flies  were  blown  from  the  huts,  and  on  reaching  the  trees 
and  corner  of  the  high  jail  wall,  obtained  shelter  from  the  storm  and 
settled  u|)on  the  focnl  exposed  in  the  plates  before  the  gang.  The 
accompanying  figure  shows  the  relative  positions  of  the  two  gangs  at 
*  Indian  Medical  Gazette,  March,  1897. 
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tteir  meiil,  anil  of  the  eonipMunl  \nu\  huts  from  whit-li  thc^  flies  were 
sii|>[iHse<l  to  hiive  c«jnu\  Tlie  eviUeiK'u  lit^re  is  purely  eireuiiistautial, 
Ijot  it  is  tu  bt!  iiotol  that  all  of  tho  siek  belon^tsl  to  tlie  same  guJig  ;  that 
nil  liad  iM/eu  more  tlian  a  motitli  iu  jail,  oxw|)tiiig  2,  whn  bad  been 
thert*  rieveti  anti  tweK'e  days  rois{x'ftivi'ly  ;  that  tht're  had  bwii  i\n 
{HX^valeiiee  of  ♦liarrfirea  l>etore,  during,  or  after  tlie  outlvrt^ak  ;  tliat  the 
\vat*^r  and  milk  supiily  weiv  the  same  for  all,  and  that  the  outlireak 
was  very  HmittMl  in  extent. 

The  ability  of  flies  in  infei-t  fo«Kl  \va.s  well  demoni^tratin:!  in  1892  by 
Utfelmann,^  who  alloweil  a  ehiilera-inteeteil  fly  t^j  drink  irom  a  gliLse* 
of  sterile  milk,  ami  then  shoc>k  tlio  latter  and  kept  it  at  7U'^  F.  for 
sixtL-er*  hours,  at  the  entl  of  whieh  tinte  each  drop  contained  about  a 
lui  n  d  red  or ga n  ism  s . 

The  prevalence  of  typhoid  fever  among  Europeans  in  India  has  l)een 
attributed  by  SurgtH>n~Maj(jr  Btittensby*  to  the  ageney  of  flies,  since, 
year  by  yesir,  outbreaks  <MX'ur  which  are  most  diiheult  or  impossible  to 
trace  t<)  a  water-borne  cause^  the  water  sn|jply  being  in  many  iustaneos 
above  suspicion^  and  even  of  exceptional  purity.  During  our  war 
with  Spiiin^  iuve.stigsition  of  the  great  prt* valence  of  typhoid  fever  in 
the  large  camps  in  the  South  showed  the  abundant  opportunity  which 
exists  for  infection  by  rtien,  and  ih'mon.stnitcil  the  luxicssity  of  thorough 
eamp  siinitiition,  and  of  exclu<ling  them  from  c<nitact  ivith  both  excreta 
and  foml.s.  Visiting  the  "  sinks  '*  at  one  time  and  the  meas-tabh^s  ut 
another,  they  have  the  wi<lest  op|K>rtuiiity  for  spreading  infection. 

The  presence  of  plague  kicilli  in  the  intestines  of  fliea  has  been 
rlemonstmteil  rcj>eattM.lly  within  rcc<-*nt  years,  first  by  Yersin  in  1894, 
w^ho,  noting  the  largt*  number  of  dead  ilies  where  the  vietims  were 
Iwing  antopsied,  crushed  one  fly  and  in(xnilate*l  it  into  a  guinea-pig, 
which  died  of  tlxc  ilisea.se  in  torty-inght  hours.  Further  investig:ition 
sht*we<l  the  bacilli  present  in  the  intestines  of  tlie  living  fly,  and  led 
td  the  conclusion  that  they  aetually  multiply  therein.  Xuttalb^  pnwed 
that  flies  may  carry  the  disease,  an*!  that  they  themselves  die  of  it. 
It  is  interesting  U^  not-e  that  the  statejnents  f>f  early  writers  to  this 
effix't  were,  therefitre,  correct.  Most  of  these  were  vague,  and  gsive  no 
intimation  of  how  the  Cimtagion  was  carrietl ;  but  a  Venetian,  Mer- 
curialis,  in  1577,  wrote  {Ik  PeMUenfhi)  that  flies  go  to  infected  houses, 
alight  upon  the  sick,  and  then  ct»nvcy  the  contiigioo  to  other  houses 
and  dep<»sit  it  on  bread  and  other  fmKls. 

That  flies  may  play  a  jutrt  in  tlie  spread  <if  tuberculosis^  too,  geems 
proliable,  for  the  s[)eeific  bacilli  have  repeatedly  Ikx'U  ftmnd  in  viruli^nt 
c^judition  both  in  their  intestim^  and  in  their  excrements.  They  are 
lielievtxU  alsiv  to  ettrry  lepmsy  and  various  eMnjunctival  diseases. 

The  larvte  of  the  common  house-fly  are  si  onetimes  found  in  the  ali- 
mentary tract.      Thus,  Cohen*  re[^H>rt«  finding  them  in  the  dejections 

»  Flerlmer  kliniBtlie  Wm^henwlirift,  18*12,  p.  1213. 
^  RntiMh  Mediml  .hnuml,  AuKiLst  10,  \m'\ 

MentnilbktL  fur  Bakleriologit%  elf.,  XXIL  fl8<>7),  No.  4,  and  XXilL  (1898)^ 
No.  1,^. 

*  Deutsche  njedicinim-he  WfKrhciiisclirift,  Mart'li  24,  18S>8i* 
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of  a   nursing  infiint^  the  <»vn  havin^j^  probably  bcK?ii   clejKisitod  in 
mouth  ;  uthI  BiichiiiaiHi  ^  toumi  iht-ni  in  tho  vuinitiir*  of  u  lianl  drink 
aiul  hiter,  after  tlie  jnhiiiDistintiori  nf  an   inftii*ion  of  pyrftlintat,  il 
liir^*  uutiibei-^  in  hi.s  4kTes, 

Flies   may  abo   trjiDsport  the  eggs  «»f  Twnia  m^fitunf  Tru 
*^iHpfit\  A»curM  iambnvo/fh'Jiy  anil  other  ])«imH]tes,  and  deix>mt  tbem  i 
fcH  hIs. 

FLEAS. 

Ill  18!18j  Simoncls-  advanceil  the  idea  that  flwi.^  from  rat^  >ick  viid 
plnj^ue  inii^lit  sjux^a^l  the  disease  to  other  rats,  and  eveJi  ti^  man, 
iuund  th«*  s{xi-itic  liacvilli  in  .sueh  titias,  as  did  alsr*  Og:Ua*'  But  Nat- 
tall  *  has  shown  that  tieas  do  not  inoculate  bacteria  when  they  hitc,  imt 
by  sneking  remuve  any  already  present  at  the  point  of  apphtution. 
His  experiment's  were  made  witli  fleas  fiauid  on  mice  sick  with  anthnui 
and  mouse  septiciumia,  and  then  transferred  to  hetilthy  mii!t!.  The  rt- 
snlts  were  ne^^ative.  In  other  ex|>erinient45,  flejis  were  plaeeil  iijKrtl 
healthy  mice  from  whioli  the  hair  had  In^en  shaved  in  sfKtt^,  H howo 
anthrax  bacilli  were  smeared.  Individual  animals  bitten  by  Hi*  ituBf 
as  eight  fleas  failed  to  iK'Cttme  infeete<L  Inoeulatinn  into  hwilthv  ani- 
mals of  the  tjrgans  of  fleas  infcx'teil  with  anthnix,  nioiiiH.*  septicemia, 
and  chieken  cholera  eight  hours  after  infection  giive  negative  ppjialte. 
Ho  concluded  that  infcH'tion  !)y  fleas  can  txrin*  onlv  wlien  the  perwn 
bitten  slaps  and  crushes  the  insect,  and  then  scnitches  the  ^p•t, 
Simond's  \iii\wv  was  assailed  by  Brnno  (ridli-Valeriu,'^  wh<i  <^>ntt^ti«h 
that  .Sioiiind  failtd  to  distinguish  bctwet^n  the  ilea  which  attat^ks  man 
and  that  wliieh  infests  rati^  and  mice,  i)f  48  s|jeeies  of  ct»mraoa  flt**, 
tj  infest  rats,  and  of  these,  but  2  wilt  lute  man.  One  of  t\u  ' 
(Ptffrx  ^frrfificrpfi)  is  not  iHunmon  on  ruts,  and  the  other  (A  »> 
will  nnt  bit*'  TH-adily. 

Xnttall  '*  sjH^aks  of  the  possibility  of  tninsniission  of  Tfrnia  i'ticu- 
jiieruifi  tlirongli  fleas.  The  adult  worm  is  found  in  dog^,  ^xxxisiaoallv 
in  cats,  and  rarely  in  man.  The  lar\^al  stage  is  tbnnd  in  dog  H^ 
lie(^^  and  even  in  the  flea  that  infests  man  [P,  irrUan*t);  Imt  ( 
flea  is  tlie  nsnal  host,  and  may  carr}*  as  many  as  50  lar\-if,  1*0^ 
infest  themselves  by  devouring  their  fleas  and  lice,  and  children  riui^ 
become  inf(^sti»<l  by  jilaying  with  and  kissing  dogs,  the  vermtn  bein? 
uneonseionsly  swallnwed.  The  larvic  are  liberat^nl  in  the  iiit<??riiie 
thniugli  digestiun  of  tl»e  Ixwly  of  the  insect,  and  they  then  e.tvapJK.ite 
and  tiike  on  their  definite  form. 


BEDBUGS, 


But   few  cases  of  transmission  of  disease  by  Ixxlbug^  arc  kne^- 
Kuttall  <|uotes  Dewt^vrc's '  rejxrrt  of  a  case  of  transiaiiii.sion  of  tnbef- 

'  Deia>Hhe  iiRHlirinisrlji.'  WinbenRlirift,  Mtircb  24,  1898. 

*  Aiinale*  He  rinstilut  PusUnir,  XIL^  u.  '^So. 

'  Ck^ntmlbhitt  fiir  R'ikttnol(»gie,  etc.,  XXI.,  \\  T«9, 

*  Ibuit^m,  XXIL,  IX  Ii2">.  ^  »  lliideni,  January  i\  1900, 

*  Johnn  IIo|jkins  Ib>spital  Ke]iorls,  VIII,,  Nob,  I  iiiul  2. 
'  Kerne  de  M^wiiie,  XIL.  lS1i»2,  |n  291. 
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IS  lifter  disinfertion  of  a  rcHioi  in  wlu(*h  u  young  man  had  died  of 
the  dLseii.si*.  After  the  |iriMrss  was  nii[i]jk'to<l,  tfie  rrtnni  an*!  bed  were 
•incu|)ied  l>y  u  brother  (iftlie  dweasHl^  and  Ik%  too,  *lit<L  Investigation 
iiliuvvo<l  his  IkkIv  to  iHf  nxneh  bitten  l*y  betlbngs,  and  the  bvd  ti>  be 
swarming  with  the  vermin.  At  this  time,  the  iloor  was  spoiled  with 
sputum,  and  had  not  l)een  eleaned  for  many  wtn^ks.  The  fH»n tents  of 
30  bugs  were  iiienluted  into  :\  ^aiTiea-jiitrs  with  positive  results  :  all 
iml  of  tul>erenlosi^.      Virulent  batnlli  were  obtaiutHl  Irom  (jO  \wr  cent. 

Khe  bugs  examined. 
lUttidrs  exjK'rirnents  with  bedbug^s  were,  as  with  fle-as,  negjitive  in 
Its,  Allowed  to  bite  animals  dying  witli  or  dead  from  anthnix, 
rJiii'ken  eh(»lera,  and  oionse  se|>tieiernia,  and  flien  transferred  to  healthy 
loiee,  they  eausnl  no  siekness,  altht>n*^h  10  nn\*e  weiv  bitten  by  K3t> 
infi^'tol  bugs.  The  dejeettons  of  those  fi^l  on  anthrax  i»l*x)d  o.ontiiined 
liv'ing  baeilli  only  during  the  first  twenty-fMur  hours  after  feeding* 
lnf»cu  hit  ions  with  their  viseeni,  however,  were  nniformly  soeeessfnl, 
Kind  it  is  priii)able,  therefore,  tliat  intec*tion  may  oei^nr  when  the  bug  is 
rni>he<l  where  it  is  biting.  ^Midding  '  agnvs  that  nu  danger  oi'  infeetion 
is  t4»  be  apprehenilHl  from  either  bedbugs  or  leeehes,  bfith  of  whieh 
»uek  without  introdut  ing  anything  into  the  wound,  and  will  do  no 
harni  so  hmg  a.s  they  ai^  n<>t  ernsfied. 

MOSQUITOES. 

Certain  genera  of  nmsquitoes  have  l>een  definitely  proved  to  be  the 
interme<5iate  e^mse  nf  several  rif  the  m<»st  disastrous  hiunan  seourges, 
ind  their  connwHion  with  otliers  has  been  suggested,  and  may  at  any 
lime  be<>onie  demonstmt^Kl,  Tlie  dise^L^es  whi^^h  havi*  iH'en  di:finitely 
connei'ted  with  these  |M'st**  are  malaria,  yellow  fever,  and  fihiriasis. 

Mosquitoes  np|>ear  to  be  ubiipiituus  ;  they  are  found  not  alone  in  the 
torrid  and  temfienite  zones,  but  in  the  aretie  regicjus,  where,  ar^eonling 
ko  ^uiwl  authurity,  they  are,  in  their  st^iis^m,  even  more  of  a  pest  than 
m  warmer  latitndes.  In  Siberia,  they  liiln'riiate  under  the  niosj?  ; 
Uif]  in  all  inhabited  plaees  they  hiln'mate  in  cellars,  uuthouses,  and 
titlier  retreats.  Tlie  larvje,  als^i,  may  hiljernate,  being  frozen  in 
the  i(^  on  the  approach  *^f  winter^  and  al>l(%  when  thawed  out,  ti)  ve- 
titifue  growth,  Uorman  "  fountl  living  larva^  in  water  l>eneath  ire  at 
Providence,  R.  I.,  in  Deeemlier;  and  Wright^  found  Anophrim  larvte 
>)eneath  ice  in  Abenieenshire.  Nnttall  has  known  larvie  to  live  from 
^n'en  to  eight  months.  The  adult  mosfjuito  niay  be  fnind  in  the  open, 
even  when  the  weather  is  wintry.  Thus,  Sterling*  saw  nit)S(pi!tfK»s  at 
Muekinaw  in  Mareh,  1S44,  when  snow  eovere*l  the  gnaind  h\  a  depth 
of  two  to  four  feet.  But  it  ia  only  in  warm  weiither  that  mosquitoes 
appear  to  have  any  part  in  the  tmnsmissi*)n  of  disease,  for  temperature 
iias  very  grcjit  iuflnenee  on  the  lite  and  deveh|[>Tnent  f»f  the  parasites 

'  (\'ntmll>lMtt  fiir  Bnkleriol«>^'ii%  t'lt\,  XXV,,  y.  T^Kl 

'  J^iunial  of  ttie  I^islou  iSicietv  of  the  Mfdicut  Sciences,  V,,  p,  iS30. 

»  Hritwh  Mt^liiiil  Jonnisil,  April  \%  1901,  p.  882. 
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which  they  spread,  and  upon  their  own  activity  and  inclination  to  bit& 
The  parasite  of  the  tropical  sestivo-autumnal  type  of  malaria,  for 
example,  will  fail  to  thrive  in  a  temperature  not  too  low  for  that  of  Ae 
tertian ;  and  the  latter  will  not  live  at  65*^  F.,  which  temperature  is 
not  too  low  for  that  of  the  quartan  type.  Malaria  rarely  develops 
below  59°  F.,  and  is  completely  checked  at  32°,  at  which  temperanire 
mosquitoes  are  very  sluggish  and  do  not  bite. 

We  have  in  this  country,  according  to  Dr.  L.  O.  Howard,^  9  genen 
of  mosquitoes,  represented  by  about  24  species,  the  larger  number  of 
which  belong  to  the  genus  Culex,  and  are  quite  harmless.  We  have  3 
of  the  8  or  more  species  of  malaria-bearing  Anophde»y  and  Stegomm 
fasciata  (formerly  known  as  Chdex  fasckUtis)^  the  carrier  of  yellow 
fever. 

Mosquitoes  and  Malaria. — ^The  indigenous  malarial  species  are  as 
follows : 

1.  Anopheles  macvlipennis  {A.  quadrvmcuyulatiLs,  A.  daviger)  (Figs. 


Fig.  100. 


Fio.  101. 


Anopheles  maeuUpennU.    Male. 


Anophdet  maeulipennu.    Female. 


100  and  101)  has  the  "  dappled  wings  "  described  by  Ross.     The  palpi 
are  black. 

2.  Anophdes  pundipennis  has  a  yellowish- white  spot  extending 
about  three-fourths  of  the  length  of  the  front  margin  of  the  wing. 
(Figs.  102  and  103.) 

3.  Anopheles  cruciaiis, — ^The  scales  of  the  last  wing- vein  are  white, 
marked  with  thrive  black  spots.  The  palpi  are  marked  with  white  at 
the  bases  of  the  last  four  joints.     (Figs.  104  and  105.) 

A,  vuiculipennis  and  A,  punctipennw  are  distributed  veiy  widely, 

»  Mosquitoes,  New  York,  1901,  p.  230. 
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beinf;  fountl  in  gir^iter  nr  lesser  al)uiidani'e  throu^i^boiit  tlit'  cfjuntr\\  Tlie 
forniiT  li-  the  must  fMiiHnou  Anoj/hdiK  in  tlit'  tnakiriai  distriuLs  of 
Africa  aad  Southern  Eiin»pt',  and  is  found  in  Great  UriUiin,  Germany, 
France,  and  elsewhere, 

FiQ.  102. 


/ 

Annphdl€*  puhcitpeHHit,    Male.    rAflcr  Howitrd.) 


A*  crtwiun^  is  a  Southern  form,  believed  to  bt;  the  carrier  of  the  per- 
nicious, tropical,  tei^tivo-autunmal  tever,  hut  not  the  rudy  one,  for  in 
St.  Lucia  J  Tor  example,  wliere  the  great  majority  of  crises  of  malaria 
are  ot'  the  pernicious  type,  the  eomnion  mosquito  \s  A,  albipea. 


Fig.  103. 


Ancphdfjf  pu ndipfnni*.    Female.    { A fter  Howar<3 .) 

Unlike  Vufirf\'<  anil  Shf/omtfHr,  the  Anojihi:i(.s  ilo  m>t  hrt*c<l  in  rain- 
water harrrls,  troughs,  cisterns,  tin  cims,  pitcher  plants,  aiul  other 
small  re(*eptacle8,  but  in  p<M»ls,  puddles,  ditches,  canals,  and  other 
biKlic??  id' stagnant  or  but  very  slowly  moving  water.    The  larva?  thrive 
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in  clean  or  foul  water,  but  not  in  that  which  Ls  so  foul  as  to  stink  ;i 
cannot  live  in  salt-  or  verj-  brackish  water,  nor  where  there  is  r 
movement. 

Fig.  104 


Anophdef  cruciatM.    Male. 


It  is  only  the  female  imago  that  sucks  human  blood,  and 
active  only  at  night.     She  enters  dwellings  about   sundown  or 


Fio.  105. 


Anopheles  crucians.    Female. 

and,  unless  leaving  before  morning,  seeks  out  the  darkest  cor 
which  to  pass  the  day. 

According  to  Xuttall/  Anoj)he/es  are  attracted  variously  by  di 

» British  Meilical  Journal,  Si»ptenibt»r  14,  1901,  p.  668. 
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colors,  navy  blue  beinjs  the  mcist  attmctivo,  followctl  by  dark  red,  red- 
dii<h  bnnvii,  siiirlet,  bluek,  mui  sliiti'  ^ray.  Yellow^  onuige,  whitt%  and 
TK^hre  provt'd  to  attrjrt  tfir  IciiisL  July  is  tjuuti'tl  as  statintf:  tliat  un>s- 
ijiiitot  s  ill  Mada^tiscar  an.*  attrat'tftl  mure  to  brown  than  to  tliI  .soil  rjr 
white  mnd  ;  that  wearers  ut"  blaek  sh<»es  and  stmrkings  are  bitten  more 
than  thnstJ  whn  we«ir  wliite  ;  that  blanks  are  bittt'O  nintv  than  \vli»te.s, 
and  black  doi^s  than  yelluw.  Xattall  nuttd  in  his  exjM'ririaents  that,, 
while  the  imagines  frc  (|Lirntly  firw  ii|i  antl  scttk-d  nn  |K*j-s(ais  entering^ 
the  ixiom  elad  in  dark  ( Inthes,  they  never  did  when  the  dress  was  white. 
He  suggests  the  employment  of  boxet^  eolured  tlark  inside,  in  which 
the  j»ests  may  W  nuitrht  and  destroyed.  The  intinenee  nf  color  is 
nc»ted  also  by  Osborne  lirown/  who  holds  that  walls,  inrniturej  etxj., 
should  be  of  light  color,  and  advise.Sj  among  other  nieasnres,  the  put- 
tinj^aww^of  all  dark  elothes.  Anophi'/rj^  appear  to  Iw  attraeted  also  by 
fwlors,  aeeording  t<*  the  te.stim*)nv  of  Ste(»ln'ns  anil  Christophei's/'*  who 
fomid  that  wlicn  native  Afri«*-ans  slept  in  a  tent  previously  tx'eujjitd  by 
Eur^»peans,  thr^  inseets  t^jugregateiJ  there  moix*  nnmenmsly-  During 
Eurojietm  rnxMipaocy,  2  Anopheles  were  usually  found  in  the  morning  ; 
but  after  the  first  night  of  Afrirau  tweuiKiney,  19  were  caught,  and 
after  the  Si-euinl  night,  no  less  tlian  H'2  were  found. 

The  Malarial  Parasite , — T 1  le  i  n  a  la  ria  1  }>a  ras  i  t  e  wa,s  d  i  se<  i  vertH.!  i  n  1 8  80^ 
by  Laverau,  a  French  military  surgeon  stiitimiwl  in  .Ugeria,  but  until 
8<»me  years  later  it.s  niethml  of  development  wa.s  niit  demonstnite<l,  and 
only  recently  has  anything  Ixh'u  knowni  definitely  as  to  the  manner  of 
its  eat  ninety  into  the  hurjian  l>ody.  Bef  n"e  pmeeetling  to  an  ae^'ount  of 
the  re^earchcj^  by  whieli  thi£^  w^as  det<^r mined,  it  may  be  well  to  tlcscril>e 
the  develo|>ment  of  the  [mra.^ite  within  the  human  .snbje<^t  aiul  within 
the  mi>s<|uito. 

Tlie  srvtTal  malarial  [mnisites  Ix^long  to  the  lowest  order  of  the  ani- 
niai  kiugdoru,  tht;  protoKim,  sul>ortler  ILvmoMporhllti,  The  tlitfcn'ut 
f**rms  nu'resjxaiding  to  the  clinical  varieties  of  the  disease  were  differ- 
entiates! in  IHHti  by  (rtilgi,  one  of  the  most  prominent  of  the  Italian 
iaiJogists,  whi>,  fietWivn  18H"j  and  IHllO,  wtTc  the  first  to  piV  especial 
atti  ntion  to  Ijaverarf s  dis(jf»vcry,  and  sitidy  the  life  cycle  oC  the  pam- 
siti*  in  the  re<i  l>loiHl-tM)r[>usele.  In  this  it  ap|H'ai*s  as  an  atmebiila, 
which  grtjws,  digesting  the  retl  coloring  matter,  until  it  m^cupies  nearly 
the  wdiole  volume  of  the  cor|>nsclo  and  sIhovs  s|M>ts  of  pigment  in  its* 
intcrii^r.  Then  the  nurh  us  divi^les  and  fcirms  spores,  which,  when  the 
cell  wall  iHu'sts,  are  lihen»tcd  into  the  IjIoim!  plasma.  Tins  point  marks 
the  beginning  of  the  mtdarial  chilL  1lie  sjHires  enter  into  other  cor- 
puscles, develop  into  mature  orgjinisms,  segment,  and  prrKlnce  new 
spires,  which  on  Ix'ing  lilienited  priM'eiHl  to  infcf^t  4>ther  corjmscies,  and 
BO  the  process  continues.  In  tin-  tertian  form  oj'  ft'vcr,  this  prtK-n.^ss  of 
sporulation  occurs  at  intervals  of  loi-ty -eight  hours;  in  tlie  quailaii 
forfu,  which  is  (X>m|Ktnitively  rdn\  the  intervals  arc  seventy-two  hours  ; 
in  the  [x^rnicious  festivo-autumnsd  fVirm,  the  intervals  are  very  irregn- 

*  JoniTipil  of  Trui»iral  Mt^liiint',  ncitilH-r  1^  IWl. 

■Quoted  by  Nuttull,  Jounud  of  llyja:ient,  January,  1901,  p,  7* 
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lar,  and  the  successive  processes  of  sporulation  may  occur  so  rapidlj 
that  the  fever  becomes  continuous. 

After  a  number  of  generations  of  these  asexual  forms,  mak  and 
female  parasites  appear,  which  are  incapable  of  further  reproductioi 
within  the  human  subject,  but  require  external  conditions  which  thnr 
find  within  the  body  of  Aiiopheles  mosquitoes.     The  fi^uale  para^ 
are  known  as  maerogameteSj  homologous  with  ova  ;  the  male  oiganiau 
are  known  as  microgainetocytea.     They  give  off  flagella  or  mierogarnds^ 
homologous  with  spermatozoa.     In  the  next  cycle,  discovered  by  Bo»s 
these  adult  sexual  forms,  when  sucked  up  in  the  blood  by  the  mo^aito^ 
coalesce  in  its  stomach.     The  fertilized  organisms  attach  themselves  to 
the  walls  and  penetrate  to  the  outer  muscular  wall,  where  they  incraee 
in  size  and  become  mature  zygotes  {fqx)rocy8U<),  upon  the  surfiiceof 
which,  clear  spaces,   centromereSy  begin  to  appear.     In  a  short  time, 
these  become  surrounded  by  minute  spindle-shaped  cells,  sporMa$Uj 
which  divide  into  minute  rods,  sfxyrozoites,  which  soon  fill  the  whiile 
cyst,  which  bursts  and  liberates  them  through  the  outer  wall  into  the 
abdominal  cavity.     They  then  rapidly  penetrate    the    tissues  to  tbe 
salivary  duct,  and  thence  into  the  proboscis,  from  which  they  are  dis- 
charged with  the  salivary  secretion  into  the  blood  of  the  next  pefson 
bitten.     From    the  time  of  entrance  of  the  sexual    forms   into  the 
mosquito  to  the  completion  of  the  pi*ocess,  about  ten  days  elapee,  and 
since  the  period  of  incubation  in  man  is  the  same,  it  follows  that,  under 
favoring  conditions  of  temperature  (for  in  cool  weather  the  process 
within  the  mosquito  is  slower),  about  twenty  days  must  elapse  betweea 
the  appearance  of  a  first  ease  and  that  of  another  connected  therewith. 
The  inoculatixl  si)oroz()ites  give  rise  to  the  successive  asexual  geuem- 
tious  above  described. 

The  tertian  parasite  hivades  the  whole  corpuscle;  the  quartan, 
nearly  the  whole  ;  the  a?stivo-auturanal,  from  a  fifth  to  a  fourth  of  iis 
volume.  The  pigment  granules  in  the  tertian  form  are  fine ;  in  tbe 
quartan,  coarse  ;  in  the  a?stivo-autumnal,  very  fine. 

Not  alone  man,  but  many  of  the  lower  animals,  as  cattle,  sheep, 
monkeys,  dogs,  various  species  of  birds,  frogs,  snakes,  turtles,  lizarAs 
etc,  are  suhjeet  to  malaria ;  but  the  parasites  are  jiecuHar  to  each 
species,  and  are  not  transferable  from  one  to  another. 

Some  years  aftcT  Golgi  and  others  of  the  Itiilian  school  had  dif- 
fen^itiated  the  several  malarial  j)arasites  and  traced  their  life  cvcle 
within  the  human  subject,  Manson,  who  had  done  nnich  work  in  the 
iiivestigjition  of  mosquitoes  as  a  causative  agent  of  filariasis,  announcfd, 
ill  1H94,  his  belief  that  malaria  was  caused  by  drinking  water  infected 
l)v  niosciuitoes  or  dust  from  the  dried  mud  left  on  eva]>onition  of  tin* 
water  in  whieh  they  had  bred.  He  Mieved  that  the  female,  already 
infest(Hl  with  th(»  protozoon,  laid  her  eggs  and  then  died  in  the  water, 
and  was  later  devoured  by  the  larvae.  Bignami  opposed  this,  and 
asserted  that  the  iniwtion  was  conveyed  directly  by  inoculation  in  tbe 
proeess  of  sucking  blood. 

In   18f)o,  Ross  disco vereil  the  malarial  crescents  in  the  stomachs  of 
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juitoes  that  had  bitten  a  malarial  subject,  and  followed  them  in 
ybekr  development  into  spheres  and  flagellated  bodies,  but  was  unable 
>  find  them  in  the  body  cavity  or  observe  any  metamorphosis  there, 
portwo  years,  Ross  *  endeavored  to  cultivate  the  parasite  in  mosquitoes, 
without  success,  and  he  then  ceased  experimenting  with  the 
'brown  and  gray"  species  {Culex)y  and  began  anew  with  a  few  speci- 
as  of  a  larger  kind  having  four  black  spots  on  the  wings  (Anopheles). 
^JkSter  these  had  fed  on  malarial  blood,  he  ob:?erved,  on  examination  of  one 
them,  certain  pigmented  cells,  "  the  pigment  absolutely  identical  in 
|pppearance  with  the  well-known  characteristic  pigment  of  the  malarial 
^parasite.''  In  a  second  mosquito,  killed  B  day  later,  the  cells  were 
viobeerved  to  be  larger.  The  supply  of  Anopheles  having  become  ex- 
iMUiBted,  he  worked  with  other  kinds,  but  with  no  results  ;  but  later ' 
he  announced  that  he  had  found  the  pigmented  cells  in  a  third  <'  dapple- 
winged"  mosquito  fed  on  crescent-containing  blood.  In  tile  mean- 
-iime,  MacCallum,  of  Johns  Hopkins,^  announced  his  discovery  that 
-  with  haUeridum,  a  parasite  of  birds  strictly  analogous  to  the  malarial 
parasite  of  man,  the  function  of  the  flagellum  is  that  of  true  sperma- 
"toeoa.  Ross  then  took  up  the  study  of  bird  parasites  (HaMeridium  and 
JProieosoma),  especially  of  the  proteosoma  of  sparrows,  larks,  and  crows, 
and  was  successful  in  growing  the  parasites  in  mosquitoes  that  had 
bitten  sick  sparrows,  and  in  reproducing  the  disease  in  other  birds 
liitten  by  them.  He  observed  the  liberation  of  the  sporozoites  from 
^le  zygotes,  their  passage  into  the  body  cavity  of  the  insects,  and  their 
presence  in  the  salivary  glands.  His  belief  that  Anopheles  acts  as  a 
<sarrier  of  the  malarial  parasites  was  proved  by  Grassi,  Bastianelli,  and 
Bignami,  who  allowed  different  kinds  of  mosquitoes,  including  A.  niacU" 
UpenniSy  to  bite  persons  afflicted  with  the  aestivo-autumnal  type  of 
fever,  and  found  only  in  the  species  mentioned  the  developmental 
<dianges  described  by  him.  Later,  Bignami  *  reported  that  he,  Grassi, 
and  Bastianelli  had  caught  a  number  of  specimens  of  this  mosquito 
in  a  malarious  district  twenty-two  miles  from  Rome,  and  had  re- 
leased them  at  the  Santo  Spirito  Hospital  in  a  room  occupied  for 
some  years  by  a  man  who  had  been  under  constant  observation  and  had 
bad  no  kind  of  fever  whatever.  The  experiment  yielded  positive  re- 
anlts,  for  the  volunteer  subject  acquired  the  fever  and  yielded  para- 
sites in  his  bhxxl.  The  demonstration  of  the  agency  of  these  pests 
was  thas  complete,  and  the  connection  has  been  ))roved  repeat<Klly 
on  a  much  larger  scale.  Thus,  Ross*^  reports  that  of  21  persons  in  a 
<aunp  near  Calcutta,  17  who  slept  without  the  protection  of  mosquito- 
nettmg  were  seized  with  malaria,  while  the  others  who  slept  under 
nets  escaped.  Grassi's  experience  is  equally  convincing,  although  with- 
out a  control.  For  eight  consecutive  days,  accompanied  by  a  family  of 
seven,  he  left  Rome  each  day  at  5.*^0  in  the  afternoon  and  went  to  a 

*  British  Medical  Jonnial,  December  18,  1897,  p.  1786. 
»  Ibidem,  February  26,  1898,  p.  r)r)0. 

'  Journal  of  Ex|)eriniental  Medicine,  January  7,  1898. 

*  Bulletino  della  R  Acca(i.  Med.  di  Roma,  XfXV..  1898-1899. 
»  British  Medical  Journal.  July  22,  1899. 
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cottage  in  a  notoriuu.^ly  riialariuiis  ^listrirt  hfitween    Rome  ami  riviti 
VH'diia,  wlicrt*  tlirv  passixl   tlie  nightf^   in  a   oottiige,  the   window^  »*f| 
whieli,  .screi^iiHl  with  i>erfomtHl  zinc,  were  left  open  all  the  time,    Su 
ujif  ul'  the  party  was  in  tiie  lea.st  atileeted. 

The  lougiT  experiment  of  Sanibon  and  I/ow  in  an  equuiUy  umlan*»i 
*li>trii't  i.s  i'vi'ii  more  eonvineing.     They  s|>ent  several  month?*.  Inch 
in^   llio  srnniJier  of   IHUO^  with   inalana   niging   all    alRHU   theru,  k 
Mere  tilt  inselve^   not  atteet4.'4.     They  toitk   no  drugs  by  way  of 
phyluxis,  and  went  about  IVeely  by  day,  but  kept  indoors  Ixi'tweeu  i 
set  and  sunrise,  jiroteeted  by  nettings  and  s(*itH-ns. 

In  1901,  ail  inten'sting  exjK-rifuent  was  tried  by  the  Japanese gor- 
ernmeiit  wilh  two  battalions  of  ^oldieiv  statione<]  together  in  Ffinafisii* 
i.)ne  l)attalion  was  eonijiletely  protecteil  from  fnoscjuitoes  for  161  thf 
during  the  malarial  seas(*n,  and  not  a  man  had  the  <lii>t^ti<se.  In 
other  battalion,  whieh  was  not  jmiteeted,  259  efi*jc«i  were  ob^r%*e<L 

Another  interesting  ex|>eriinent   was  that  eonduetHi  by  Fermi 
Caiio-Brnseo/   who  took  16  |xts«>ii5,  ranging  from   eighteen  to  ibiH 
years  of  agi*,  who  had  had  no  malaria  within  a  yc«r,  to  a  cna 
plaee   in   Sjinlinia   arul  kept   them   then*  eight  days.      HtJf  wen; 
tecte+1  from    mosquitoes  at   night,  am!   the  others   not*      Of  the  do 
jiroteet^Klt  Tj  weiv  st*i>ied  ;  of  the  8  proteeteib  iH^t  one. 

The  most  eonvineing  proof  of  the  ageney  of  mi»e<juitoCi5  may 
said  to  he  the  ooenrn^nec^  fif  tlie  disease  in  a  non-malarious  cm 
through  inoeuhition   liy  mcjsqnitoes  importetl  from  another  vhere 
laria  a1  ion  mis.     Sueh  an  instance  is  i-ejiorted  by  Man.son,^  whof*' 
was  bitten   in   London   on  three  different  days  by  infectixl  nioc<piit< 
bronght    from    Italy.     A\  ithin  a  few  days  f»f   the  third   inoeularini^ 
the  eharacteristie    symptoms  of   tertian  malarial   fever  ap{>esLrp<l  lUiJ 
the  |>anisites  were  i'^und  in  the  bloixl. 

luir  tire  sjn-f^ul  of  nndaria,  two  faetors  are  thus  eviclently  es^mtuJ: 
the  pirasite  in  human  bloinl  and  the  Anophriti*  motiquito.  EJiIht 
alone  is  impotent.  There  are  many  plaees  where  Anophdrs^  an?  <Him- 
mon  and  malaria  nnknown,  Indeetl,  if  tlie  Anophr/r^  alone  ctMtJfl 
muse  the  disesise,  no  plaee  wi>nld  l>e  siite,  tor  althcuigh  thev  are  nut 
strong  fliers,  they  may  Imj  tninsjMirt^Hl  tbrtnigh  hundrenls  and  evtm 
thoussinds  of  miles  by  tlie  vehieles  of  ordinary  travel,  Thas  GmS 
relates  that,  thiring  a  drive  lasting  two  ]nair>,  he  eiiiight  200  spf 
mens  inside  tfie  eoaeb  ;  afid  otliers  have  noted  their  pre^enee  in  mil- 
road  f^ars  anci  [lassenger  ships.  Whether  they  won  hi  be  al>Ie  to  br»t 
abiard  ship  is  doubtful,  althongh  in>ianees  of  bretjnling  of  oth<*r  mt^ 
quittjes  in  this  manner  are  known.  Thus,  Dr.  C'mnnung,  of  lb 
Marine-Hospital  Serviiiv,  reportefl  nu  August  2»  HMU,  to  the  Snp 
vising  Surgei>n-Genend,  tin*  ease  of  the  Spanish  iKirque  Mnria  Bl*^ 
(piet\  whieh  was  fn^e  from  nnisquitoes  imtil  the  twenty-s<x*ond  day  f>* 
from  Kio  de  Janeiro,  w  ben  some  were  notiet^d  in  the  water  tank  wiv 
it  wai?  opened,  after  wliieh  the  crew^  u^eTe  attaekeil  so  persistently  i 

'  tVutrtillilatt  fill-  Kakt*frif>loj,He,  etc,  XXIX.»  p.  9S.'), 
'  Bi-nhh  MwiiaiJ  Jcuinml.  Si'ptember  2l»,  mK). 
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tlmt  tliev  were  nliliLrrtl  to  rnver  tlirniselves  to  ^et  any  sU^jl 
ftcr  fuiiiit^iUinn  «»['  iUv  t'uivt'astlr,  tin'  (icju!  iiiosi|int«N's  r(Hil<l  ht* 
o|km|  up  ill  thi'  luiiid.  Hnwjtnl  Relates  tliat  inosijuittws  weiv  intro- 
ItM^l  inU)  the  Hawaiian  T^laJuls  Uy  niiilin^  vesscU  iVoiii  tlit*  IJiiittsl 
lite3,  and  deems  it  jirnlwihle  tliat  they  brti.!  more  or  less  (*uiitiiniou,sty 
Elbe  water  harrels  during  the  voyage. 

'M<»s*jiiitm's  niav  lie  lilown  ah>ng  by  tlie  wiiul  thmiigh  U>ng  dist4imM?H, 
ordinarily  they  take  shelter  on  the  Iwwaixl  side  of  any  objt*t  as 
m  as  tile  wind  iK^gins  to  Ir-  strong,  H<»ward  cites  an  instance  of 
[isquitoes  erossiiig  a  strij>  of  water  a  mile  \vi(U\  aidcti  by  gentle  and 
Mitiinions  wind,  and  another  in  whieli  a  migratory  eloinl  nf  the  inseets^ 
^tending  thrcM.-  miles  in  widths  traversed  GO  miles;  and  Ih\  KaUoek, 
^the  (jrnlf  Quanintine  Station,  reports  (August  2,  lyol)  that  the  c^j>- 
l»n  of  the  ship  Amrrirtt  staterl  that  mnsfjnitoes  eame  aboartl  the  vessel 
lien  she  was  at  least  10  miles  from  land,  lint  Anaphe/ca  are  not 
likely  to  fly  far  from  their  hirth[>l;H-es.  lluy  are  not  sneh  strong  fliers 
as  Cu/iciJf,  Stephens  and  ('hristti])hers'  lK'lie%*e  that  Jj^o/>/K/t'^  in  Siej'rii 
Leonp  may  fly  a  quarter  t»f  a  mile  or  farther,  but  in  Fn^etown  they  found 
them  Ktjin^e  at  a  distance  oi*  200  yards  fn»m  their  lir^'i-ding-jjlaces, 

As  statinl  above,  there  are  many  places  in  tfiis  conntry  and  elsewhere 
where  AnnplwkM  are  common  and  malaria  nnknmvn,  although  Cormerly 
the  di.si*iise  may  have  rageil  most  extensively.  In  England,  for  ex- 
ample, where  malaria  was  once  one  of  the  great  national  sconi^es  antl 
W  now  siH*n  (*nly  rart^Iy,  Xnttall^  anil  his  assiK-iates  found,  in  11N)(^^ 
spiH^imens  either  of  the  imago  or  of  the  larvje  in  no  less  than  IT^i  dif- 
fen»nt  places.  In  si>nie  of  these  pla(*es,  malaria,  so  far  as  known,  has 
never  existed  ;  in  othc^rs,  it  on(*e  had  raged  extensively.  In  Franee,  8er- 
gent^  has  foinid  -1.  mtfrit/iprniilM  and  .1.  hiffi reacts  in  gnmt  ahnmJanee 
when*  malaria  \v;ts  formerly  common,  Init  nuw  is,  an<l  for  twenty  yean* 
Ims  bfvn,  unknown  ;  and  in  (iermany,  Pfeifler*  has  fotimi  them  in  great 
Dnmbers  in  fomierly  malaricuis  districts,  but  none  of  them  showed  the 
presence  of  the  jiarasite.  In  Itiily,  too,  where  Grassi  has  hehl  that  the 
gi.H>gmphical  di>tributioii  M\itiopiteh'H  is  identiml  with  that  <>f  miliaria, 
Celli*  has  found  the  inse<'ts  in  situations  where  malaria  has  never  l>een 
known. 

To  what  the  iHsap|xni ranee  of  malari:i  in  England,  S<'citland,  twirts  of 
the  Unitctl  States,  France,  Germiiny,  and  othta^  conntrics,  is  due,  is  not 
easily  explaintHh  T*)  n  very  large  extent,  it  is  dfjubtless  due  to  flratn- 
age  ctf  the  lanrl  and  general  sanitary  im]>rovemerit,  the  drying  of  the 
soil  diminihhing  tlie  op[NMtunity  f(*r  puddle-brtHnling  mos4piit*M^s  tt^ 
roultijdy.  But  this  exjilanntitm  will  not  apply  getiemlly,  for  in  many 
plat^'s  now  fre-  fnan  malaria  the  same  conrlitions  of  sod,  wetness,  and 
niosquit(M\s  are  found  tf»-ilay  as  existed  when  the  disease  was  eiidtMnic, 
It  is  interesting  to  note  that,  in  England,  the  .'l/ir>jjAt'A>>*,  although  tairly 

^Journal  of  flvufiene,  January,  ll>01,  j*.  4. 

•Corrt-t^rwrndcn/blali  (1(«*  nll^fineiiien  sirztlirlun  \Vrt>ins  von  Tburmgen,  1901|  No.  7* 
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oymiiion,  does  not  bite;  at  leiist  Niittiill  states  that  neither  lie  nori 
of  his  u.s«i:K!iak'S  wa8  bitten  whilr  collecting,  and  that  Mr.  Thei>tiald»i 
the  British   Museum,  wrtjte  that  he  had  never  kuown  them  t^*  bite  id 
Knglauil.      (It   is   to   be    rem  em  I  )e  ret!    that   iii<»S4uitt»es   are  luituf! 
vegt^tariaus.) 

NuttiiU  suggests  as  a  seetaiil  reasfiti  iV>r  the  cli.^appeamnee  of 
fruDi  Eriglaatl  the  re<iuetiuii  ut*  tlie  jxipulatiini  of  the  infected  clktri 
bv  eiu ignition  at  ab<iut  the  tiiue  of  tlie  disapfK^irauce,  Tliij^  wjrtiU 
of  course,  re+lnce  the  uuiuber  of  inftn^'teii  inilivitiuals  ami  U^^ist^ri  i 
ehanw  of  the  Anophe/ea  tx^c^iming  infectefL  Koch  and  many  others  i 
strongly  of  the  tJ|>inicui  that  the  use  of  quinine  has  liad  DJoreU»i 
with  the  disapfK'a ranee  of  malaria  than  anything  else,  but  it  is  pr 
that  there  is  sotne  other  a>  yet  unreeoguiztHJ  cause,  and  that  all  the  infla 
encci*  nientJone<l  have  con  tribute*,!  in  ditferent  degi-ees.  That  then?! 
some  sneh  undiscovered  hic^il  condition,  must  be  ver>'  evident  when ' 
i^>nsider  the  following  facts  ]uit)lislKHl  by  (  Vlli  and  GasjK?riQi :  ^  Ce 
loaililies  in  Tuscany,  whirli  \vss  than  thirty  years  ago  were  very 
rioUxH,  are  to-tlay,  so  far  as  c"an  be  ascertainetl,  in  pn»cisely  the  sanw^ 
general  condition  as  olitaimxl  hefoix?  niahiria  disajipeai"ed  tberefrm 
The  stagnant  marsh-water  swarms  with  AnopheltH  larvae,  and  the 
above  with  myriads  »*f  the  imagines.  There  is  no  lack  of  the  malar 
jiarasite  fnr  in  feet  ion  of  the  moHpiitoes,  for  the  |>enple  g*>  to  iil 
districts  and  return  with  malaria  ;  and  yet,  in  s)}ite  of  the  pnpsence  { 
the  csscrttia!  faetfirs  for  an  extensive  epidemic,  Tio  outbreak  ownirs, 
<'hihln^n  are  n»bnst  and  healthy,  the  adult  popuhition  shows  no  effit 
of  malar  in,  :ind  umuy  who  liave  live<l  there  all  their  lives  have  never 
had  the  slightest  attack  ol"  the  fever.  This  freethun  is  not  due  U> 
ac(juircd  immunityj  for  the  inhabitants  take  the  diseasi*  when  tliey  gt)  tit 
inalarious  districts  for  work.  The  ra*)Sf]nitm^s  are  not  insiiscieptibk  Ut 
iult^*tion,  for  s|KTimens  cjij»tnnHl  there  are  i^-adily  inft*cted  by  nmlarial 
blnod  in  Rome,  Quinine  camint  be  ereditt^l  with  being  thecauae( 
the  exemption,  for  it  is  nt>t  used  nnjre  extensively  than  elsewhere. 
India,  too,  there  are  districts  which  were  formerly  malarious,  but 
now  eomparsitively'liealthy  in  spite  of  apimi\^ntly  unchanged  conditiii 

Hut  althriugh    AimpheffH  may  exist   wlicrc   mahn'ia  is  unknown,  rk 
converse  is  not  true,  for  where  malaria  is,  there,  also,  are  nioscjuitc 
Tlie  assertion   that   in  Java   there  are  places  where  malaria   alK»»H<J 
without  moscjuit*ws,  has  Im^cu   investigated  by  KiX^h,  w^ho  tfiund  fill 
mos<|uitoes  were  everywhere  pn^scnt  whcr<'  malaria  |)revailtHb   He  foun 
also  a  ]ilace  in  Kast  Africa  with  all  the  conditions  favorable  to  niali 
excepting  nmsquitocs,  hut  with  no  evidence  of  the  diseiiM'.     In  nwnjj 
<if  the  islands  of  T^llynt^ia,  where  marslies  are  ver\'  cxt<*nsjve  unci  \ 
malarial  crmditiuns  are  |>resent  at  their  maximum,  with  the  ejceeptioat 
mHscjuitocs,  no  midaria  is  known. 

It  seems  reasouahh^  t<i  assume  that,  given  the  neeei^Rar\'  (^pecic«<^ 
mosrpntiX's,  the  introduction  of  infet^tf»d  pci^sons  into  a  district  wouM 
prohaldy  be  followcfl  by  the  apj>earanec  of  other  cases  ;  bat  there  an 

>  C^TUmlhlatl  fiir  lii*ktent»l(»^'k\  eU\,  OcL  2:t,  IMOl,  p.  t>23. 


-  MOSQUITOES.  651 

frrtanately,  a  number  of  conditions  which  must  be  fulfilled  in  order  to 
Z*-  bring  this  about.  First,  the  A)iophdes  must  be  blood-drinkers  ;  sec- 
i  «ndy  they  must  bite  the  infected  individuals ;  third,  they  must  then 
g  develop  the  parasite  within  themselves ;  and,  fourth,  they  must  live  to 
5f  bite  another  person  when  the  sporozoites  are  still  present  in  the  salivary 
duct.  In  addition,  certain  favoring  conditions  of  temperature  are 
lequired,  both  for  the  activity  of  the  mosquito  and  for  the  development 
of  the  parasite.  Should  cold  weather  come  on  shortly  after  the  malarial 
aabject  is  bitten,  no  harm  might  follow,  for  about  ten  days  are  required 
before  the  mosquito  becomes  fully  infective,  and  in  a  cold  atmosphere 
she  is  sluggish  and  will  not  bite. 

Pteventiye  MeasnreB. — In  order  to  prevent  multiplication  of  Anoph- 
Asy  measures  should  be  taken  to  diminish  the  numl)er  of  breeding- 
places  by  drainage  and  other  means,  and  the  larvae  should  be  destroyed 
where  it  is  not  possible  to  accomplish  removal  of  the  water.  The 
natural  enemies  of  the  larvae  may  be  introduced  at  very  slight  expense 
mad  with  a  minimum  of  trouble.  Among  these,  Howard  mentions  as 
most  efficacious,  sunfish,  sticklebacks,  and  top-minnows.  Where  fish 
oannot  be  introduced,  the  application  of  the  cheajKist  kerosene  at  regu- 
lar intervals  will  not  only  kill  all  larvae,  but  will  prevent  the  impreg- 
nated female  from  laying  her  eggs.  Kerosene  spreads  easily  and  does  not 
evaporate  too  quickly,  and  a  barrel  will  suffice  for  an  area  larger  than 
two  acres.  A  single  application  by  means  of  mops  or  watering-pots — 
about  an  ounce  to  fifteen  square  feet,  enough  to  give  a  very  thin 
film — ^will  remain  for  at  least  a  week,  and  generally  a  fortnight ;  and 
since  a  week  must  elapse  for  ^gs  to  develop  into  pujwe,  a  second  appli- 
cation need  not  l)e  made  until  about  seventeen  days  have  elapsed. 

The  sick  should  l)e  protected  by  mosquito-netting,  and  the  same 
means  should  be  employed  to  prevent  access  to  the  houses  of  the  well, 
and  for  the  protection  of  those  who  may  be  obliged  to  sleep  in  the  o[x»n. 
Local  applications  to  the  skin  (oil  of  pennyroyal,  oil  of  eucalyptus,  etc.) 
are  not  of  much  value. 

Fermi  and  Tonsini  ^  have  reported  a  noteworthy  instance  of  dimiini- 
tion  in  the  amount  of  malaria  afl(»r  systematic  destruction  of  the  larvtc 
of  mosquitoes.  The  Island  of  Asinara,  inhabitinl  solely  by  convicts 
and  their  guards,  has  often  been  ravaged  bv  malaria.  The  larva^  of 
diflTerent  species  of  mosquitiK^  were  found  in  many  wells  and  horse- 
ponds,*  and  were  trejited  with  kerosene  a  number  of  times.  Screens 
were  placed  in  the  windows  and  doors  of  the  dormitories.  The  results 
were  most  satisfactory,  only  9  cases  of  malaria  occurring  during  the  y(»ar, 
against  99  in  the  year  preceding. 

If  Anopheles  gain  actress  to  houses,  they  may  be  destroy e<l  by  fumi- 
gation with  sulphur  dioxide,  employing  1  pound  of  sulphur  for  each 
1000  cubic  feet  of  air  sj)ace. 

For  prophylaxis  by  means  of  quinine  sulphate,  the  daily  ingestion  of 
2.5  to  5  grains  is  advised.  However  efficacious  this  may  Ik%  it  will 
have  to  be  admitted  that  it  is  an  exjx^nsive  measure,  for  the  mini- 
^  ZeitMihrift  fiir  Hygiene  und  Infeotionskraiikheiten,  XXX.,  p.  534. 
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mum  iV^^v  julviM'^l  would  iv^juire  tin-  aniuisil  ust*  «»f  no  les;^  lhan6ni' 
|HT  mi II km  ]M»pitIatirtu. 

Mosquitoes  and  Yellow  Fever. — Siuce   l^J^^J,  wheu  yellow  iVv 
m*i<li'  its  first  in»|>t'iir;uK"t'  iu  this  r(>uiitn;»  thert'  biive  l»et-n  no  \{^  t 
J^5  epideniirsi  of  grttiter  t>r  lesser  magiiitmle  within  the  United  Stol 
Afconling  t<i  Retil  aud  CarniU,^  since   17!l^i  the  diseai^e  has  bet-n  tl 
ejuise  i»f  no  less  tluni  lUU,UtK)  ileuths,  41,34H  of  which  hav^e  iKvm 
in    New   Orleans,    10,0:iS    in    lliilrulelphia,   and    77ol*    in   M(inj 
(185o,  ^7:],  7S/79),      l^tvveen    1851    ami    1><83,    it  «uk^ed  23, 
deaths  at  Ki4i  de  Janeiro,  where,  aec^cu'ding  to  Gouv6a,^  previous  t(i  1 
it  was  uuktinwn,  lieiug  iutrodnccil  in  that  year  hy  the  Jimzlf  fnnu  X( 
Orli^aus  !Hid    llavaua^  aud  by  the  Xavarre  fmm  Bahia.      Vnm  Rio 
sprttid  to  all  tlie  towns  in  the  l>ay.     Betwec*n  1H."»3  and  U»00,  ii  niii 
35,f*rj2   deaths  at    Havana,  wlieiT  it  had    fluu fished    omtinuouj-lv 
more  than  a  century,  and  wliere,  after  a  practicid  appliealion  i»f 
knowltnlge  eonc><Tnin^  the  metlnxl   of  its  dissemrnatirm — the  o«ta 
of  lirilliant  wt»rk  on  the  imrt  of  Keeil  aud  his  assrwiates^  of  the  Unil 
Stiites  Army — it  was  dtnn>ustratc<l  that  it  could  he  completely  eradicated, 
and  that  even  tii*»ugh  uutl>reaks  should  oeeur  on  shiji>s  arriving  frrwn 
fcH'tal  ports,  removal  of  the  victims  to  the  fever  hosj>ital  need  giveii 
to  no  new  <?ase8. 

Inahility  to  control  the  spreatl  of  the  distuse  has  hitherto  bewi 
to  the  iSu^t  that  the  manner  of  its  dissemination  wai^  not  knowo,  iin^ 
that  all  efforts  to  control  it  were  exerti'd  in  the  wrong-  din*ctitm,  in 
the  belief,  now  shown  to  have  been  unfoundi'<I,  that  foniite^,  iihh,  ami 
soil  ccjuditiojis  were  the  distributing  agencies. 

It  was  in    1S4H    that    I>r.  Josiah    Nott,  of  Mobile,    &iigges*!c<l 
mosfpiit^x'S  unght  be  n^sjMmsihle  for  or  conutH^tc^l  with  the  ^prcud 
yellow  fever,  Imt  the  idea  apfK-ars  to  have  l>ei»n  rei^eive*!  with  indi' 
euce.      In  IHHl,  I)r.  Finlay,  «>f  Havana,  an iioimced  his  theorv  **f  !Ui«- 
c|uito  transi'creucc,  and   iK'gsin    his   experiments,   but    it    rcmaintMl  for 
KcihI  and   his  associates  to  demonstrate   ccmehisively  tliat   nHis<|uitc» 
are  the  priueiptdj  if  not  the  nJe,  carriers  of  the  exciting  cauwe,  and 
fomites  and  liltli  have  aliHilutely  no  inMncn<*e  whatever. 

The  exprriments  proving  hotlj  statements  are  exct*<*flingly  inti 
ing.  In  OctolK'i",  HHK),  Keed '  rc|M>rte<l  po>itive  rcstdts  of  expri 
meuts  couductetl  by  liimsclf  and  I>rs»  (  arrolh  A^ramonte,  and  Liiaur 
with  nu»st|uitoes,  >7fv/f>w//fa/r^^c/V;^f,  furnisheil  l>y  Dr.  Finhiy.  Oirn'^ 
wa^  bitten  by  une  tliat  had  bittf-u  four  yellow  fever  j>atients,  altemat 
severe  an<l  mild  eases,  respct*tively,  twelve,  six,  Ibnr,  and  two  i: 
previiuisly.  Frnir  days  afterward  he  t«iok  to  his  b<*d,  and  on  the  fii 
day  his  dtsease  was  diagnos<»iI  a.s  yellow  fever.  Another  sul»je<'t  m 
Intteu  by  the  same  mosrjnito,  and  by  three  others  that  had  prpviou; 
liittrn  |iatients  with  tfie  disease,  antl  in  seven  days  he  alstt  had 
fever,      lh\  Lazear  was  bittefi  \^  ithout  ^^sn]t  liv  an   inftHJtetl  ran 
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Aii^ii.st  16th,  iiiuJ  l>y  iUKitlior,  an  atvfdtMital  stranger,  nn  S<^])ttMiilM*r 
13th,  In  five  days,  hv  liail  a  rlull  ;  uii  tlio  tlay  fallowing,  die  dia^iiojiis 
of  yelluw  tcvcr  was  iiindi',  and  in  a  wwk,  the  ease  terrnhiateil  fatally. 
twet!n  August  17th  and  Oet^jbor  VMh  (tifty-seveii  days),  tliese  thrw 
the  only  i-ases  whieli  weiin\»d  aniong  1400  nrm -immune  Anieri- 
at  (inernados. 
^n  X(»venil)er  20^  190(1,  an  exiierimtMit  statitm,  (  auip  Lazear,  was 
ll>iished  :it  Culumhia  Barraeks,  Cuba,  utuler  the  direetion  <it*  RrnI, 
>^  with  his  lV*rmer  assc^eiates,  eraitiuuecl  tlie  wta-k  with  gratifyiug 
llt«.  A  ver>*  strict  *|aarantinp  was  estahlishi'^l,  and  tio  non-inunune 
ms  subjt^rted  tn  m(>squit4»  intHudation  (with  one  exc*eiitiim)  whii  liud 
It  passe<l  the  full  |>erii»d  uf  ineul>atinn  of  yelluw  fever  under  I'lusi* 
ervation,  nor  was  auy  nun-immune  w^liu  letl  the  c^amp  jx^rmitii/tl 
[return  under  any  ein'umstauee.s.  Twenty-one  sulijeets  presented 
isdve,s,  mostly  inimigmnt  Spiuiiards  seeking  immnnity,  iind  the 
lit    in   each   east*   was    jxisitive, 

Cx|xTinients  with  fomites '  wTre  equally  eon%"iueing  in  results, 
large  boxe8  of  sheets,  pillow-slips,  blankets,  etc.,  contaminateil 
th  the  discharges  i>f  yelluw  fever  ]>titieuts,  many  of  them  pur|josely 
soiled  witli  black  vomit,  urine,  and  fieees,  were  jdaoed  in  a  liuilding 
of  2H00  enbie  feet  L^ipaeity,  tightly  eeiled  and  battenetl,  with  small 
^liidows  to  prevent  thorougli  eireulati<>u  of  air  and  womlen  shutters  tu 
■invent  the  disiufe(*taiit  action  of  sunlight.  The  window\s  were 
Spret^netl  with  wire  giiuze,  and  the  entranee  with  a  screi*n  door.  The 
artieles  were  unpaeketl  Ijv  Dr.  (  ooke  and  two  j>rivates,  and  thev  were 
i^haken  >o  that  the  spi-eitic  agent  might  be  disseminuttHl  thrnuginmt  the 
nxmi,  if  it  were  j>resent.  They  were  then  nsetl  on  tlie  three  IkhIs  pro- 
vidtxl,  and  some  were  hnng  alxiut  the  rrmm  and  near  the  beds.  For 
twenty  eons<M'utive  nights,  the  thrt*^"  sli'pt  in  tlie  uninviting  biKl..,  and 
every  morning  they  |iacktHl  the  Jiltfiy  artieles  baek  inti>  the  l>oxes, 
and  every  evening  nnpaeke<i  and  distriliute<l  them  again.  Thev  |Kissed 
their  days  in  tents  in  ipiarautine.  During  their  t^tnr  of  service,  other 
l)edding,  siiilciJ  with  the  l>hn>dy  stools  of  a  fatal  ejise,  wa>?  received  in  a 
most  otlensivc  stinking  i'ondition,  anrl  ush?  with  the  rest.  Then  other 
noD-immunes  rcp<nited  the  expriment  for  twiMitynuic  nights,  sleeping 
in  the  very  garments  whi(*h  hat!  been  used  Ijy  jiatients.  Then  these 
j«td>jec*ts  were  fVillowc<l  Ijy  others,  who,  for  iburtfen  nights  out  of  twenty, 
slept  with  pillows  CMJVcre^l  with  towels  that  had  beeri  thorougldy  soih*<l 
with  blo<Ml  drawn  from  a  ntse  of  well -marker  I  yellow  fever  on  the  (irst 
tlay  of  the  diseiise.  The  result  of  the  ex|>osnre  of  these  non- 
iminuQe8  in  reUiys  for  nine  wei'ks  was  wholly  uegative,  for  not  one  had 
the  first  symptom  of  yellow  fever.  Not  fifv,  liowcver,  in  the  ease  of 
a  man  who  was  ex|w»sed  in  a  buihliTig  of  similar  size,  thoroughly 
ventilat4^,  and  contain ing  oidy  disinfeetfHl  artieh^'^  plus  inftM-tcnl  m*>s« 
quitoes.  On  Deecmlier  lo,  1**00,  lo  uf  the  insects  wer*>  set  free,  and 
he  was  soon  bitten  sf*ver:d  times.  Later,  he  was  bitten  agjiin,  and  also 
on  the  following  day.  Ht*  ei>ntractcd  the  disease  ;  but  2  men  who 
•  ReportiKl  in  Mf^iiral  Rwuni  Octotxr  2f>.  VMM,  :ind  in  other  Aaierit^an  jouniala. 
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.«lept  f(»r  t'i^htoeii  ni^ht^  in  a  lialf  of  the  room  which  vras  sem^nd  frn 
the  c»tlirr  lunl  from  tlio  iiioMjuitm*^*  liv  nettings  had  nci  symptums. 

Wliuti'Vfr  thr  nature  uf  ilii'  |iurahite,  it.^  life  cycle  wouUl  apptiir 
to  ju.^*<l  liio  passage  *>f  the  pam^itc  through  tlie  intcrmediiue  hort.  ft 
Ht*eil  ^  and  his  associate's  suei.TiHlcd  in  prcKlucing  the  dis«ji?**  hyin} 
tioE  nf  lilooJ  drawn  from  the  ^ncral  circulatioD.     Although  thi'^^l'il 
caiwft   movhf   hii8   not  yet  l>ceii  discfivcred,  it  afjpcmis  to  bt*  di*titiitel 
yt'ttlcd  that  it  is  nut  SanarelliV  IL  ideroid€i<. 

The  rcmchisicjiis  arrivt^l  at  l>y  Recti,  Carroll,  and  Agraniontt-, 
re|K)rte<l  to  the  Americiin  MtiHciil  A^wxnution,  are,  in  brief,  as  fullimt 
The  intermediate  host  is  the  Siegomyta  ffm'iata^  which  k  csipflble 
transmitting  tfic  disease  after  an  interval  of  about  twelve  ilnv? 
iungi-r  after  beei^niing  euntaniinatcHl  hy  liitiiig  a  person  already  ^irl 
Tlie  disciise  can  be  ciiused  by  subeutaiioous  injetti<»n  uf  blood  from  thfl 
general  eireidation  tlnring  the  first  ur  sectind  day  of  siekneF^.  Im- 
nuniity  is  not  t^mferre<l  by  tlic  l>ite  of  a  moscjuito  at  an  t^arlier  peritnl 
after  contaminatii>n  ;  but  wlien  tlie  disexii^e  is  pnxbice*!  thnjuijh  the 
agt^K'V  of  a  mosipiito,  the  sid>jert  is  imninne  agjunst  infection  bv  giil 
cutmieons  itijeetion  of  bltKub  The  [>erirnl  of  incid>ation  in  c5i>t^ 
induced  fever  vjirieil  from  fortj^-one  hours  to  five  day 8  and  ?scvcni 
hours.  The  disease  is  not  ermveyed  by  fomitrs*  an<l  hence  disinfecti<i 
of  a  house,  except  as  to  nio^f|uitoes,  is  unneiMi'ssary,  The  spr«id 
the  disease  cjjd  be  control ItM^I  most  ctlectually  by  m«isures  directed 
the  destrnction  of  mosfjuitoe-s  and  to  protection  of  the  Biek  against  lli 

That  nt^t  less  than  twelve  days  are  required  for  the  eontaminni 
nios*)nitn  to  acfjuire  the  |Hiwer  X\y  transmit  the  disc^ise,  is  bonu-  nut 
the  observations  of  Dr.  PI.  K,  Carter/ who  fc»nnil  that,  in  sixti'cti  hous 
in  which  95  sc^nindarj^  cases  of  yellow  fever  occurred,  the  interval  K*- 
tween  the  first  and  sec<ind  cases  ningcd  betwet»n  twelve  and  tweui 
thret*  diivs. 

The  YeUow  PeTer  Mosquito,  Siegmni/m  faHviatu  (Fig^.  106  and  W 
formerly  known  as  Ofhx  ffm*mUin^  is^  in  this  country,  contincd  pritirl- 
pally  to  the  tropical  and  subtropical  n^gions  along  the  Atlantic  IMiui 
and  frulf  of  Mexico,  Init  may  be  transferred  from  one  regiou  to  another 
hv  the  usual  vehicles  of  travel.  It  is  foiuid  in  all  ttie  principal  cities 
antl  some  of  the  smaller  tfiwns  of  C\ibii  ;  in  Janjaicti,  I^Ie  of  Pine?'* 
and  Nicanigua  ;  in  Louisiana,  especially  in  New  Orleans ;  in  Eii&(«iK 
Texas ;  in  various  places  in  other  Southern  States ;  in  a  number  of 
towns  and  cities  in  Bnizil,  and  in  certain  other  hot  countries  It  is  not 
esw^ntiiilly  an  American  sptx^ics,  f(^r  Mr.  Thwbidd,  of  the  British  M»- 
scMim,  states?  that  he  has  rc-ceivcHl  s]K^cimens  from  Italy,  Greece,  > 
Portugal,  and  Malta.  Its  presence  in  Spain  may  explain  the  occurs  :.i  , 
in  ISOO,  of  a  very  extensive  epidemic  of  yellow  fever  in  the  prrtvinee 
of  Andalusia,  and,  in  lf^2U  f>f  an(>ther  at  Rarcclona,  Wherever  it  ')& 
finmtb  it  appears  to  |>refer  the  lai^er,  |Kjpulous  oentres,  and  to  be  but 
little  common  in  rural  districts. 


^  Philacl.'h'hisi  MiH\\i^\  Joiimiil,  Jiilv  \\  190L 
-"  Medit^J  RecM>nl,  June  \b,  \m\,  p.  933. 
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The  Stegomyia  breeds,  like  Culice^y  in  small  collections  of  water. 
Beed  and  Carroll  found  tlie  larvte  in  rain-water  barrels,  sagging  gut- 
tars  containing  rain-water,  cesspools,  tin  cans  used,  for  removing  ex- 
CKta,  tin  cans  placed  atout  table  legs  to  prevent  inroads  of  red  ants, 
IftOFBe-troughs,  leaves  of  the  Agave  Americana,  and  generally  in  any 
oollection  of  still  water.  The  New  Orleans  Mosquito  Commission* 
fiyand  the  larvse  in  128  of  210  cisterns  examined  by  them.  According 
to  this  authority,  the  life  cycle  of  Slegomyiu  is  somewhat  different  from 
Hmt  of  other  genera,  and  these  differences  may  necessitate  more 
•tiingent  measures  than  will  suffice  for  the  suppression  of  Cidices  and 
jinopheleSy  for  the  ^gs  hatch  earlier  (ten  to  twenty-four  hours),  and 
the  larval  (six  and  one-half  to  eight  days)  and  pupal  stages  (two  days) 
mte  much  shorter,  so  that  full  development  requires  from  two  to  four 
days  less  than  for  CvJex  pungens,  and  two  weeks  less  than  for  any 
of  Anopheles.     According  to  Beed  and  Carroll,  the  eggs  begin 


Fig.  106. 


Fig.  107. 


ifiueiala,    Male.    (After  Howard.) 


Slegomyia  f(i9ci(Ua.    Female.    (After  Howard.) 


to  hatch,  as  a  rule,  on  the  third  day,  and  the  process  may  last  about 
m  week  ;  the  larval  stage  lasts  seven  or  eight  days  and  the  pupal  stage 
two  days;  the  shortest  time  for  complete  development  observed  by 
them  was  nine  and  one-half  days.  At  an  average  temperature  of 
76^  F.  or  higher,  the  species  multiplies  abundantly,  but  exjwsure  to  a 
lower  temperature  for  even  a  short  time  daily  causes  much  retardation, 
and  eggs  kept  at  68°  F.  do  not  hatch.  They  found  that  newly 
hatched  larvae  kept  at  68°  F.  develop  slowly,  and  require  twenty  days 
to  reach  the  pupal  stage ;  kept  at  50°  F.,  they  fail  to  reach  the  pupal 
stage. 

Although  low  temperatures  are  destructive  of  the  larvae,  it  is  other- 
wise with  the  eggs,  which  Reed  and  Carroll  found  to  be  verj'  resistant 
to  the  influence  of  dryness  and  cold.     They  observed  that  eggs  which 
had  been  dried  on  filter-paper  and  kept  ninety  days  hatched  promptly 
*  New  Orleans  Medical  and  Surgical  Journal,  January,  1902. 
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on    Ix'ing    jjIiuh-iI   in   water.       Dried   eggs,  hnmght   from  Havana 
Wasliingtnn   in   Febriiiirv,  were  easily  liatehetl  in    May,  mid  tumiAta 
alnrnt  fJO  {rt  (X'lit.  of  the   usual    numbt?r  of  larva*   liatrhe<i  fn>m  fr»s 
eggs.      Eggs  frozen   for  an  liorir,  tliawed  nut  at  room  teiiipenuiirv,  aw 
plained  in  an  incubate >r  at  95°  F.,  began  to  hutch  on  th<*  sixth  day,c 
furnished  aetive  larva*  «m  the  eightli  ;  while  others,  fiYizc*n  for  a 
hour  un  twt*  sueeessive  <biys,  began  to  fiatcdi  unch'r  the  same  «finiltti«J( 
on   the  tliirtl   ihiy.      Thus  it  would  ap|M*ar  that  eggs  may  «arv^ivf  xh 
Havana  winter,  and  that   the   presence  of  hibernating    femnl»-^ 
necessar^\ 

The  female   imago,  when   iui])regiuittHl,  i.s  generally  re^dy  in  biu 
tfie  sei'ond  or  third  day.      In  Svw  Orleans,  aceortling  to  the  Mr»P«^uii 
Counnissicm,  tlie  inos<juitoes  tnv  active  during  the  chiy.and  fKirti<tila 
in  theatleruoou.     In  Cuba,  Kw<l  and  l^arroll  iVmud  them  to  l^eesp-^-i 
active   from  4  p.  m.  luitil  niidtiight,  althuugh    in   cjiptivity  the  hti 
impregnated  female  will  bite  at  any  huiir.     When  freed  in  a  ro<»ni,  fl^ 
d*M's  nnt  appear  to  bite  a  second  time  within  five  to  .seven  days, 

Having  bitten  a  yellow  fever  jwitient,  it  appeiirs  tliat  the  m«i^]uitoJ 
iuesjijudjle   of    inthieiug   the   disease   Ix^fore   twelve   days    have  pi?*? 
Those  which  failed  to  infcH't  ou  the  eleventh  day  were  sut^t*ssful  t^u  I 
.sc^'entn^nth.      How  long  tl*e  ability  to  iufeet  tHtntinnes,  was  not  (U'lH 
mineil,  but  sueeesstul    inoculation  was   brought   alfuut    ;t^  lat<   a^  f\iH 
eeveu  days  after  eontannnatiOD. 

How  huig  the  iufeet<Hl  mostpnto  will  live,  is  not  kiH>wii.      i  ht-  -jHt 
itieu  which  coiiviycd  the  diseasi'  on  the  tifty-seventh  day  livetl  sevt-n^ 
one  davH,  others  have  been  known  to  live  ^ve  months,  but  the  majorii 
die  in  captivity  within  iive  weeks.     In  a  state  of  freedom  tlieir  lei 
of  life  dei>end9  largely  upuo  aecesri  to  water. 

At  tcnijR'raturcs  below  62^    F.,  Steffonti/ia  will  not  bite,  and  th 
Reeil  ae<'ounts   for   the  deeliue   in    ij>idemies  of  yellow  fever  at  Xl| 
Orkurus    in    N(»veud(er,  when   the  mean   tenipcniture  is  61,8®  F,,  s 
their  <'essatif*u  in  Decctnber,  when  it  falls  to  55.3°, 

Preventive  Measures.— To  avoid  epidemics  of  yellow  fever,  R« 
advcH^ites  the  prevention  of  iniportatiou  of  (tises^i  of  the  disease  frt 
iufect*Hl  localities,  and,  when  cum'h  <1o  ap[M?ar,  the  application  of  urn  _ 
ures  to  proteet  the  sick  from  attacks  ot'  nntsqnitoes.  Scrc*ens  >i|i*»uM 
be  usi»d  for  this  pnqxise,  and  even  the  dvm]  should  1k»  thus  pn^tecK'^l 
for  Sief/ompa  will  bite  even  these.  All  mt)squitoes  in  a  hou*je  wk'n* 
a  cjise  (x^nirs  slmuld  Ik*  ciuight,  an*!  S4*arch  should  l>f*  made  for  theni  ^ 
all  the  hinises  in  the  immediate  vi<'inity.  They  may  be  d*>1rr>yi<l  I 
fumigation  with  sulphur  dioxide  (1  |xmnd  of  sulphur  for  each  Irt 
cubic  feet  of  air-s|)a<'e),  which  Rosenau  '  finds  far  sup«»rinr  for  dm\ 
jXTse  to  formaldehyde,  for  very  small  amounts  of  the  dr}'  pis  %viil 
them,  even  when   they  an^  priitccte<l  !>y  four  layens  of  (owr!  iH 

formaldehyde  acts  ti*<^bly  and  witli  uncertainty.     Pyrethrnm  ( J  ' 
powder  may  \w  burned  in  the  same  propt>rtioii,  and  wHll  either  kilM 
stupefy  them,  so  that  in  thrt*!^  hours  they  may  1r»  swept  up  and  ban 
'  Byik'tin  Ntv  i\  Hygiene  Ijiik oratory  of  the  U.  S,  MAL  S.,  Sepivtulter,  IW)1. 
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Nou-immunes  enteriiiij  iniW'li'cl  ImusiA*^  luv  lulvisKi  In  rub  all  exposed 
surfacL'ri,  iui'Iudiii^  tht*  ;inkk's,  witli  spirits  of  t.^Aniplii>r,  uil  ut"  pt'uuy- 
royal,  or  5  per  cent,  tneiith**!  ointment  ;  l>ut  the^e  agents  exert  only  n 
lenipirary  prot<.Tnvr  influence  agiiinst  iM'inj^  l>itten. 

Of  very  great  iuipnrtaii(*e  is  the  destmetioii  of  larvae  and  of  breed* 
iiig-plaeeis.  The  rej^ults  of  sy.Hteniatic  \vork  in  this  directiiin  and  of 
Either  preventive  mwisures  are  manifest  in  the  ininien^^e  iin|*rovenient  in 
the  sanitar\"  eoiidition  of  Havana*  Under  the  direetion  of  Dr.  W.  L\ 
OtjrpiH,  U.  S.  A,,'  the  **Steguniyia  Brigade'*  beg;in  its  work  of  in- 
sp<:tHion  in  Maivh,  ITIOl^  when^  in  Hl,0(i()  liouses  exaniintHl,  larvaMvere 
found  "at  the  rate  of  100  ]>er  eent,  T\m  doe.^  not  mean  that  every 
h< iu.se  exarninetl  harl  larvie  ;  niiniy  houses  were  ff>und  that  had  several 
re4?eptaeles  whieli  eontuhied  larvie."'  During  Deewnher,  IJIOl,  lf>jl21 
houses  were  inspected,  au«l  in  hut  \,')  \h'V  eent,  wert^  the  kirvie  found. 
From  >Liy  7  to  July  1  (tifty-four  days),  no  casc^  of  the  disease  fK^- 
cured  ;  then  it  wan  intr(Mhu*e<l  fnmi  8[intiago  dc  la^  Vegas,  and  later  from 
other  plaees,  and  yet,  during  July,  there  were  but  4  wises,  and  in 
August,  hut  8,  During  the  \vli<>!e  year  ( lt)()l),  there  were  but  18  deaths 
fn>m  yellow  fever,  and  12  of  these  uec*urre<l  in  January  and  February, 
liefore  the  work  of  prevention  was  liegun.  During  the  jJix^ceding 
forty-five  yeart*,  tfie  average  nunilx^r  of  deaths  therefrom  was  751.44, 
the  minimum,  51,  oeeurri ng  in  1H*J(>. 

Mosquitoes  and  Filarial  Disease,— ^In  1S72,  Di\  Tinu*tliy  Lewis, 
«>f  Calcutta,  discovcrwl  that  human  blo<Hl  l-i-  the  Udrmal  hal/itat  of  the 
f*ailiryc>  nemat^Rle  fliscoveretl,  in  lHl):l,  liy  Denrarfpuiy,  in  the  nu*lky 
rtuid  fnim  ehylon^  dro|>sy  nf  the  tunica  vagiiuilis,  and  named  it  Fihrm 
^fttif/Hiuf^  homint^.  Lfiter,  Manson,  in  eonseqneni:e  of  the  diseovery  of 
4»tlier  tiltu'iie  in  tlie  l*l<Hid,  renamed  this  jmrasite  FHaritf  noeturna^  and 
name^l  the  others  K  dlnrnrt^  K  perMattJi^  F.  Demavqitau^  and  F,  Ozzdrdi, 
The  most  important  of  these  is  P\  Xfmturtiftj  w'hieh  is  tlte  eTnbr}^^  of 
F,  //(inrrq/?/,  discovered  in  1H76  by  B{Uienit%  of  Australia,  in  patients 
with  iyuipii-sen it mn,  ancl  named  in  his  honor  by  Colibold,  The  par- 
ental tbrm  is  a  liair-like  uematrKle,  fmm  ll  to  4  inches  long»  which 
infests  small  ey^st-like  dilatation??  of  the  distal  lymj>hatic8,  lymphatic 
varices,  the  larger  lymphatic  triuiks  iK'twccn  the  glands,  the  lymphatic 
j4:lantls,  and  the  tlj«ira<"ic  duet.  The  euiiiryos,  winch  are  ab^ut  an 
<-ightietli  of  an  inch  in  length,  and  about  as  liroad  as  the  diameter  of 
a  Tvil  biuod-corpuscle,  are  found  in  tlie  blood  of  persons  afflicted  with 
rtlariasi^  from  just  before  the  approacli  fif  night  until  about  8,  or  9,  or 
10  o'clock  in  the  m(>rning.  They  enter  the  general  circulation  as  night 
apprnucUe'^,  and  inm-ase  gradually  in  nund^er  ujitil  about  nudiught* 
after  which  tliey  gmdually  deerease  until  the  time  above  mentioned, 
when  they  (iisap[>ctir  from  the  yH'ri[*hcral  circidation.  Aeconling  to 
Manson,  it  is  m^t  unusual  to  tind  nt  ujidnight  as  many  as  300  to  600 
in  a  single  drop  of  hloiNl,  from  wliicli  he  cfinehides  tbnt,  at  that  hour, 
Bri  many  as  40  or  oO  millions  ol'them  may  be  ciividating  sitnultaneouslj 
»  Public  Hmlth  Rcp<vrtis  Febnuiry  H,  1902,  p.  3(33. 
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in  the  blood-vessels.     During  the  day,  they  may  be  found  in  the  larger 
arteries  and  in  the  lungs. 

The  parasite  is  found  indigenous  in  idmost  all  tropical  and  sob- 
tropical  countries,  and  in  this  country  as  far  north  as  CharlestoD,  S.  0. 
In  many  places,  a  half,  and  even  more,  of  the  population  are  found  to 
be  infested. 

According  to  Manson,  the  following  diseases  are  known  to  be  pro- 
duced by  this  parasite :  abscess ;  lymphangitis ;  varicose  groin  and 
axillary  glands  ;  lymph-scrotum  ;  cutaneous  and  deep  lymphatic  varix; 
orchitis ;  chyluria ;  elephantiasis  of  the  1^,  scrotum,  vulva,  ann, 
mammae,  and  elsewhere ;  chylous  dropsy  of  the  tunica  vaginalis;  dy- 
lous  ascites ;  chylous  diarrha?a ;  and  probably  other  diseases  doe  to 
obstruction  or  varicosity  of  the  lymphatics  or  to  the  death  of  die 
parent  worm. 

In  1878,  Manson,  having  conceived  the  idea  that  mosquitoeB 
might  be  instrumental  in  spreading  the  disease  by  acting  as  an  inter- 
mediate host,  observed  the  development  of  filarice  in  a  species  of 
Culex  (C  ciliarisj  vel  pipiens),  which  was  allowed  to  bite  an  infected  1 
person.  Within  a  few  hours,  the  blood  plasma  in  the  moeqmto*8 
stomach  becomes  thickened,  but  not  coagulated,  and  some  of  tlie 
embryos  manage  to  escape  from  their  sheaths  and  then  move  fiedy 
in  the  blood,  and  finally  escape  from  the  stomach  and  enter  the  Ao- 
racic  muscles,  where  they  remain  a  number  of  days  and  undergo  a 
process  of  metamorphosis,  which  results  in  the  formation  of  a  moath, 
an  alimentarj'  canal,  a  peculiar  trilobed  tail,  and  great  increase  in 
size. 

It  was  Hanson's  idea  that  the  infested  mosquito  repaired  to  some 
body  of  water,  laid  her  eggs,  and  dietl ;  and  that  the  parasites  freed 
themselves  from  the  dead  body,  lived  in  the  water,  and,  lx?ing  received 
into  the  stomach  of  man  through  drinking,  bored  their  way  through 
the  tissues  and  entered  the  lymphatic  tninks,  where,  attaining  sexual 
maturity,  fecundation    occurred,  resulting   in   due  course  of  time  in 
new    generations   of    embr\'os    to    Ix?    jx>ured    into    the    lymph,  then 
tlirough  the  glands  or  by  the  lymj>hatics  into  the  general  circulation. 
Bancroft,  however,  suggested  that  the  jxinisite  is  transmitted  back  to 
man   not  through  drinking-water,  but   by  the  bite  of  the  mosquito: 
and  in   1900,  (t.  i\  Low  discovereil   that  the  metanioq^hosed  worm 
makes  its  way  to  tlie  insect's  head,  and  finally   into  the  root  of  ilie 
proboscis,  in  whicli  it  lies  until  the  mosquito  bites  another  person,  when, 
stimulated  into  activity  by  the  warmth  of  the  encompassing  tis^ue>, 
it   moves  from    its   position  in   the  pn)boscis  and  enters  the  wound. 
The   worms   tlius    introduced   undergo    farther    development   in  their 
new  position   in   the  skin  and  become  adults,  and   proceed  to  bre«l 
embryos,  which  enter  the  lymph  sj>aces  or  vessels. 

According  to  Manson,  in  most  cases  of  infection  the  parasite  exer- 
cises no  manifest  injurious  influence  whatever,  and  in  those  cases?  in 
which  injury  is  cause<l,  tiie  trouble  is  due  in  the  main  to  obstruction 
of  the  lymphatics  by  tiie  parent  worms. 
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At  first  it  was  believed  that  the  intemiecHate  host  was  Culex  cUiaris 
vd  pipieiut)  alone,  but  a  number  of  other  mos(|uitoes  are  now  known 
o  act,  including  species  of  Citlex  and  Anophden.  These  include, 
looording  t4)  James,  ^1.  RotwH^  V,  cUbopunctaUWy  and  C\  microannU" 
wUus  ;  and,  according  to  Low,*  C.  fatly  am  ;  and  to  Vincent,^  A.  albi- 
mantui.  Ix)w  reports  that,  in  Barbadoes,  neither  malaria  nor  any  si)e- 
ttes  of  Anopheles  is  known,  but  that  there  are  nnich  filarial  disease  and 
Ui  extraordinary  abundance  of  ( '.  faiiyans.  In  600  blood  examina- 
tioDS  of  |x»rsons  taken  at  random,  12.66  per  cent,  yielded  FUaria 
Moduma.  In  Trinidad,  Vincent  found  in  500  c«ses  taken  at  random, 
S  per  cent,  infested  with  filarite  and  6.6  i)er  cent,  with  elephantoid 
lisease.  In  CfUex  faiif/aiu<,  it  was  observed  that  the  final  stage  of 
■lefamorphosis  was  reached  )>etween  the  sixteenth  and  nineteenth  days, 
but  with  A.  albimanuHy  since  none  of  the  sj)ecimens  lived  in  captivity 
beyond  the  twelfth  day,  it  was  not  possible  to  determine  definitely 
vhen  the  final  stage  is  reached.  In  the  case  of  ('.  ciliaruty  Bancroft 
prolonged  the  life  of  the  insect  and  followed  the  development  of  the 

eirainte  to  the  last  stage  of  its  metamorphosis,  which  (xx^urred,  under 
vorable  conditions  of  temperature,  at  about  the  sixteentli  or  seven- 
teenth day  afler  feeding. 

FUarui  Hiuma  is  a  form  which  is  detected  in  the  blood  only  by 
day,  and  it  has  bi»en  supposed  to  be  a  distinct  sjwcies,  although  nothing 
18  known  about  its  life  hlston-  or  pathological  significance.  Accord- 
ing to  the  findings  of  the  Nigeria  Malaria  P^xjiedition,*  however,  there 
are  so  many  |x>ints  of  resemblance  betwt^en  the  two  forms  that  it  is 
possible  that  they  may  be  identic^d.  It  is  jx)inted  out  that  the  geo- 
gropbical  distribution  of  the  two  forms  is  in  close  agreement,  although 
m  many  places  where  F.  nocturna  is  known  to  exist,  F.  diurna  has 
not  been  noted ;  but  the  latter  is  not  known  to  exist  where  the  former 
is  absent.  Furthermore,  in  some  of  the  Pacific  islands  where  ele- 
phantiasis is  exceedingly  wmmion  and  F,  novinrna  is  found,  there  is 
none  of  the  characteristic  ncn^tunial  jK'riodicity.  Where  both  were 
found,  the  members  of  the  ex)KHlition  w(»rc  unable  to  distinguish  in 
any  way  the  one  form  from  the  other.  In  some  (^ises,  embryos  were 
found  during  l)oth  day  and  niglit.  It  is  known  that  when  |)ersons 
infested  with  F.  nocturna  change  ther  habits,  so  that  they  sleep  by 
day  and  k«»p  alK)ut  by  night,  tlie  filarijc  are  found  in  the  |)eripheral 
circulation  only  during  the  day. 

FiUiria  Deninnpiaii  n»scMnbk»s  /'.  fllunia  and  F.  nof'tnrna  in  shaj)e, 
but  not  in  size,  being  about  half  as  large*.  It  is  pres(»nt  in  the  blood 
both  by  day  and  by  night  in  the  )HTipheral  ein'ulation.  Low  *  has 
attempted,  without  suee(»ss,  to  determine  the  intenne<liate  host  neces- 
sary for  the  development  of  the  embryos  to  the  ))oint  where  they  are 
capable  of  farther  growth  in  man,  but  is  of  the  opinion  that  the  inter- 
mediate host  is  a  blood-sucking  insect. 

Mosquitoes  and  Dengne. — Concerning  the  etiology  of  this  diseas45 

1  Britinh  Medical  Journal,  September  14, 1901,  p.  (>87.        ^  Ibidem,  January  25,  1902. 
'  Memoir,  IV.,  p.  89.  *  British  Medii-al  Journal,  January  25,  1902. 
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of  trnpienl  <'litimk's^  nothiutr  Ims  ever  liffii  kixmii,  nltlinii|^h  muiiv  bvi 
|K^these;?,  tlilTiriiig  widi'lv,  have  ht**.'n  ailvaiittHl,  Recently,  lK»wtTer, 
invei^ti^atiun  eoiuJiirkHl  bv  Dr.  Hariis  Griiliiuii/  in  the  vicinih  nf  Brj 
roiith,  in  Syria,  iriiplicutt^s  the  irjns<|uir<i  Jis  an  imjK>rtant  factor  iu  il 
^ipreniL  At  the  phiee  irioiUhmod,  the  ilisea^e  is  very  piwaletil,  m 
Til  c>s(j  III  toes  of  the  ^luis  Cniejt-  are  a  serious  (le&t.  Gmhsim  ob^iem 
tliat  the  disease  rK-eurretl  in  p^sons  unth^r  ohservation  only  wlieu 
were  bitten  by  infeettHl  niostjuitm^s^  and  that»  when  tliey  wen?  hit 
tlie  disease  in variaf^ly  folh^wed.  Fiir  example  :  lie  appliinl  laos^itiil 
to  n  jjersun  sutlering  ihnn  it,  and,  after  they  had  l>itten,  <^rri<]<l 
in  a  ptiper  l>ox  to  a  village,  high  up  on  a  mountain^  where  thcfe 
no  esise  of  the  disease.  There  they  w<mv  ullowefl  to  bite  two  ap|wn'ijl 
healthy  |M:*rs(»ns,  in  whom,  in  ft  hit  and  six  fUiy8,  resjieetively,  typ 
attacks  oenirreiL  In  a  large  innnber  of  cases,  he  made  exaiiiinatio 
«jf  the  blo^xl,  and  in  every  instance  he  ffmml  in  the  reil  oirpiinelw 
umcpboid  fMiraj^ite  which  bore  c^finsidenible  resemblance  to  the  malai 
orgimism,  hnt  retjuire*!  a  nnich  longer  time  for  its  cyclic  «levelo|mi( 
and  sht>wetl  no  pi^nn^nt  at  any  stage.  The  organi>nis  were  fimi><i  at 
times  also  in  tlu^  bltMnl  |>lasma.  Flagellat<^tl  forms  were  olitjerved  al» 
in  some  cases  when  the  lihunl  hud  stoud  ihv  some  time. 

Fnrther  ohser\'ation  and  study  ai*e  obviously  desinilile  and  atH.ts^rT. 

Mosquitoes  and  Bistomiasis. — In  a  recent  coninnini^^tion,  Dr.  F 
Martiraim  ^  gives  certain  tact>  which  snggi\st  that  the  pnncipil  miilanjl 
niosijuito  may  serve  as  an  internuHliate  host  for  <list4mial  disea^s  a- 
well.  At  the  reqnest  of  Professor  <  elli,  he  examined  a  Ini-^'  numl 
of  Anopltefex  mafuiipnmpf  to  ascertain  whether  the  hilK^rnating  ii 
contained  malarial  parasites  in  their  stomach  and  .sUivary  glands.  Vf 
in  the  fifte^entli  day  of  Man-h,  he  fr*nnd  frum  1  In  *">  jicr  cent*  of  llir 
mosqnitiK\*^  to  l)e  iiifei^i'd,  and  from  that  time  nntil  the  end  of  May 
the  examination  was  completely  negative.  In  his  examinations  it  hap- 
jH'ni'd  freqnently  that  he  fiaind  in  the  abdominal  cravity  a  <liniinurive 
trematrwhs  which  on  close  study  proved  tc»  Ik-  a  riistunniiii.  In  Mav 
and  June,  fnlly  half  of  the  specimens  examiianl  provcMl  ii>  \n*  lati'sttd 
The  distonium  was  nircly  fonnd  singly;  sometimes*  five  or  tenwere 
found  in  one  nios<jtiito.  Frei|Uently,  they  were  in  the  rearrntist  ^ftegnn'Ol 
«if  the  abdomen,  but  he  found  tlieni  also  in  the  salivary  ihicts.  S»H*e- 
tiriies  they  were  fn'c  in  the  tin  mix  and  in  the  alHlomen.  Imt  in  tli«* 
majority  of  eases  they  were  encysted  c»n  the  onter  wall  of  the  stoiii; 
aiut  o'sophagus  and  on  the  inner  wall  of  the  alKlominal  laixTty. 
disti>ninni  nearly  filh'd  the  cyst,  was  very  motile,  and  endmvomJ 
l*reak  thrnngh  its  cnvelo|K*  by  butting  with  its  forc|Mirt.  St^venil  times 
he  tinind  ]V)t  only  the  di>toma,  bnt  filarial  infe<*tion  as  well 
|jossiliility  that  the  panisite  may  Ijc  comrnnnicatiHl  to  man  thnm^i 
Mound  made  in  liiting  is  oliviousj  and  thus  may  Ik;  explained  the  ?up- 
p08ed  entninee,  thnmgh  the  skin,  of  }fi/harzia  htrmafofrian 

»  Mwlii-a!  Ret'iml,  Fc-bmarv  s,  19(H 

^  t'enrralhlalt  fiir  Iiiikteriolugk%  etc.,  XXX,»  Dec,  24,  1901,  |k  S49. 
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CHAPTER  XIII. 
HYGIENE  OF  OCCUPATION. 

The  influence  of  iK\n»]jation  *m  liejiltb  and  lengtli  «>f  life  ha8  been 
the  .'^iibjt^'t  *if  iniR'h  iuve^tigiitinii  since  attentiim  wils  firt?t  ttilleil  to  its 
injptrtiuice  by  Pn>trssnr  Bt-rnardinn  Raniazziiii,  of  Padiiaj  in  1 700^  but 
mnre  particiilarJy  (luring  thr  last  lial!"  eentiin'.  Altbungh  his  work 
wu?*  traiisUited  anonymously  into  English  as  early  a8  1705,  the  subject 
ai)|M"ars  to  have  Ijeen  one  that  did  not  appall  with  any  spx'ial  Ibrec  to 
English  social  scientists  and  nieihcal  men,  fVtr  the  Hivt  English  work 
of  any  imjM>rtanee  was  tliat  by  Mi\  C  Turner  Tliaeknili,  a  pmetitiouer 
oi'  Lemls,  on  71tf  JCffrvi^  of  fht'  i^rutripfti  Ari^f  Tniffcj^  and  Projemion^^ 
and  of  Civic  JStaka  and  Ha/fitu  of  Li  ring ^  on  Heidth  and  Lonfjevify^ 
pnlilished  in  18*U,  A  Freneb  translatiun  of  the  wrtrk  of  Ramazzini 
;ippean\l  in  1777,  and  formed  the  grunnihvork  *tf  P.  Palissier\s  TraitA 
dt-A  }faiud)t\'<  drs  vlr//wf/^s  fl  de  ixllrn  fjtti  iit'xn/fettf  dt^  I)iverftej<  Pro- 
Jemiona^  dUipr^H  Ivfimazzini^  whieh  was  }>ublishe*l  at  ParL'^  in  1822* 
It  was  trcinalated  early  also  into  Crennan  ;  but  the  fii'st  work  of  any 
imjK>rtanec  on  tlie  subject  by  a  Gernum  writer  was  that  r»f  Halfort^ 
Kh Mrii  tt  I Hj ,  1  Vv  /f ( N  /",  n  u( I  IkJi f. i u  dltt  t it/  r hu *  Krtt  a kft ritcft  der  Kii  t i  stie* ■  and 
(JetreHjf'frf'ihfndfii,  publishitl  at  Ikn'lin  in  184''j. 

Since  the  awakening  of  interest  in  the  subji-et  in  England^  France^ 
(jemiany,  and  ntber  European  countries,  and  the  United  States,  it  has 
Ik-cu  extensively  and  miruitely  studi*^d  in  all  its  asptT'ts,  and  to-day 
its  bibliography  itu'ludcs  tlion squids  of  titles,  rnn^tly,  however,  as  woidd 
naturally  be  suppoHe<I,  of  nionograpbs  and  memoranda  jxTtaining  to 
imiividual  callings.  From  tliis  vast  amount  of  material  from  all 
j^airees,  numerous  t4d>le>  have  been  eonstrueti^l,  sliowing,  it  is  g<*nenilly 
supposed,  hfiw  tlic  various  oe<_'npatious  stand  relatively  in  the  amount 
of  intlnenee  which  they  exert  on  the  longevity  of  th(»se  engaged  in 
tln^n.  From  these  tiibles  it  appci^rs^  for  example,  that  those  who 
fulbiw  scmie  pjij*tieular  calling  are  more  pr^aie  to  contract  certain  dis- 
ease>  than  those  engiigiKl  in  another;  that  in  each  hundred  individuals 
of  snme  one  class,  ji  greater  inimber  of  flealhs  will  fKTur  in  a  Vi'ar  than 
in  each  hundiXMl  of  anutlier  ;  that  the  average  age  at  death  of  those 
engage*!  in  rme  employment  in  lower  or  higher  than  that  of  those  in 
an  other,  and  so  on. 

As  in  all  lindings  based  upon  groups  nf  unites  with,  perhaps,  but  one 
fnunmnn  btmd,  each  unit  being  sulijeet  to  a  variety  of  outside  influcnee8, 
the  cf»uelnsions  ilniwn  from  tliis  vast  ma^s  of  material  are  influenced 
largely  by  tallacyj  and    include  wbcitt   and  ehartj  fact  and  fancy.     In 
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mauy  cases^  general  statements  are  based  upon  such  a  slight  founda- 
tion as  to  indicate  that  their  authors  are  possessed  of  that  degree  of 
genius  which  has  been  defined  as  the  ability  to  generalize  from  t 
single  instance.  In  many  others,  they  are  based  upon  facts  and  ood- 
ditions  which  no  longer  exist,  tlie  methods  followed  in  the  manufectare 
of  the  particular  article  concerned  having  undergone  a  complete  chai^ 
For  example,  a  process,  formerly  carried  on  by  men  in  small  establiSi- 
ments  run  by  water-power  in  the  countr}*,  may  have  been  concen- 
trated in  large  mills  run  by  steam  and  situated  in  crowded  citie*;  the 
machinery  is  diiSerent  and  more  jierfect,  and  requires  nothing  moit 
than  feeding,  and  this  may  be  done  by  a  boy  or  girl,  instead  of  an 
adult  man.  Here,  the  older  facts  may  no  longer  apply  in  any  way, 
and  for  present  purposes  should  be  abandoned  as  belonging  to  an  ex- 
tinct occupation. 

It  is  often  difficult  or  impossible  in  the  study  of  the  effects  of  occu- 
pation to  eliminate  outside  influences  which  may  affect  the  health  of 
the  worker  as  much  as  or  more  than  the  circumstances  of  his  trade. 
A  hundred  men,  for  example,  from  different  strata  of  societj* — some 
married,  others  single ;  some  living  in  comfortable  houses,  others  in 
cheerless,  unsanitary'  tenements ;  some  spending  their  evenings  in  M'hde- 
some  recreation  amid  wholesome  surroundings,  others  doing  evening 
work  in  places  of  public  entertainment  and  elsewhere,  or  spending 
their  time  and  wages  in  the  paths  of  vice ;  some  naturally  robuj^t,  and 
others  inclined  to  disease — engage  in  the  same  occupaticm  at  the  same 
time.  During  the  year,  there  is  considerable  sickness  among  them,  and 
some  of  them  die  ;  perhaps  these  include  mainly  young  men.  Shall 
it  be  said  without  a  carc»ful  analysis  of  all  the  circumstances  of  their 
lives  and  of  the  immediate  causes  of  their  deaths,  that  their  calling 
is  necessarily  inimical  to  health  and  longevity?  This  one  died  of 
smallpox  ;  this  one  of  consumption  ;  this  one  of  a  blow  on  the  head 
while  drunk  ;  this  one  was  drowned  ;  two  were  victims  of  typhoid 
fever  and  two  of  jineumonia  ;  eight  in  all — truly  a  large  j)erci»ntagv, 
but  shall  the  trade  be  blamed  ? 

It  must,  of  course,  be  self-evident  that  certain  occupation.*  arv 
intrinsically  dangerous  to  health,  l)ecause  of  the  nature  of  the  .-sub- 
stances with  which  the  workers  are  brought  in  contact ;  and  the>e  are 
proj)erly  classed  as  dangerous  trades.  Many  others  are  so  classed,  not 
because  of  any  intrinsic  danger,  but  on  account  of  the  |>eculiar  (X»d- 
ditions  under  which  they  are  ordinarily  carried  on,  these  tending  to 
riHhur  the  physiological  resistance  to  disease.  Still  others  are  clashed 
as  (lanpTous  to  liwilth  which  are  merely  dangerous  to  life,  the  indi^nd- 
ual  being  subject  to  mechanical  violence  while  in  the  enjoyment  of 
])orf'ect  health.  These  also  are  properly  to  Ix^  included  among  tlie 
dangerous  trades.  But  the  great  majority  of  Cidlings  are  neither  intrin- 
sically dangerous  nor  carriiKl  on  under  i)eculiar  conditions  favoring  a 
low  stiite  of  health,  yet  many  of  these  figure  in  statistical  tabk»s  in  .^ucli 
a  way  as  to  lead  to  the  conclusion  that  those  engaged  in  them  may 
have  little  hope  of  green  old  age,  while  others  in  occu[)ations  of  practi- 
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fly  the  same  chai-acter,  but  ini<Ii*r  <lilfen*ot  naine^,  give  promise  of  a 

1  |K^ri<Nt  (»!"  usefulness. 

Statistinil  tables  iif  Imigevity  of  ^rnups  of  individuals  eu^i^ed  in 
the  various  c^llinjj^  should  he  uses!  wkli  nuieh  cireumi^i>e<"tioii  and  with 
<lue  regard  to  the  various  cireumstituces  which  determine  the  choit?cj 
€if  tnide,  the  np^  of  the  imiividuid  :it  the  time  of  engaging  upm  it,  the 
leno^th  of  time  whieli  one  nuiy  serve  i)ef<*re  engugiug  in  another,  the 
jwiMdiar  eimditions  uurler  whieli  tlie  ealliug  is  pur^uedj  and  the  proI>- 
able  eharaeter  ttf  the  inHueutTs  whieh  atieet  the  wetl-being  of  the  in- 
dividual wliile  he  is  not  immediately  engaged  ;  that  h  to  i^y,  his  home 
gu rn Ml ndings,  his  perscuud  habits,  the  nature  of  his  relaxations*  the 
(|aality  nf  bis  fomb  and  Mther  faetors,  Tabbrs  baseil  on  foreign  ,statis- 
tios  sluadd,  furthermore,  l>e  not  Un^  freely  aeeepltHl  as  a|»plieable  t<«  home 
conditions,  owing  to  dittenmce-s  in  racial  j^eculiarities  and  of  euuditiou8 
umler  which  those  engaged  work  an<l  live,  for  one  ean  htinlly  sf appose 
tliat  any  one  class  wnrks  and  lives  under  the  stmie  efnulitiuus  in  all 
ciiun  tries. 

The  ef»nditions  wbioh  govern  the  choice  of  an  weuimtion  are  of  vei*y 
JMeat  importance.  Many  eallings  deuKUid  men  t*{  robu.st  build  and 
HpcMJ  health,  and  manilestly  are  unsuited  tu  the  weakling*  who  natu- 
ral ly  is  attraetr-*!  to  uthcr  <h'<?u [tat inns  of  a  lighter  ebanicter.  On  this 
j«e<n^  alone,  statistics  juay  lie  grossly  talhicious.  For  exani[>lc,  in  wr- 
tain  tabk^  it  will  be  observed  that  the  clasH  designated  as  clerks  have 
a  li>w  average  age  at  <leath,  and  fnnn  this  it  may  be  inferrcKl  that  the 
c*alliiig  IS  one  which  is  intrinsically  irK*ompatilih*  with  lung  life.  But 
i^  it  fraught  with  dangt*r  ?  Is  it  cmiductcd  under  pwuliar  conditions 
whieh  tend  t4^  bring  its  unfurtnuate  fblbjwei>  to  an  early  gnive?  Or 
i-4  it  not  rather  the  tact  that  it  U  tJie  refuge  of  a  gn^at  nnruber  of  those 
whoHe  physiml  jwiwcrs  arc  sut*h  that  they  are  unsuited  to  einjdoyments 
whieh  ail  I  fnr  greater  rdlaistness,  aiul  who,  inevitalily  marked  for  an 
t-iirly  di'atb*  regardless  of  tht^r  cidhng,  reduce  the  average  age  at  death 
tif  the  entire  class. 

On  the  other  hand,  certain  occu|mtions  involving  much  severe  mug- 
ciihir  etlHrt  appear  to  \k-  conducive  to  long  life,  in  spite  of  the  condi- 
tj»ms  under  whieh  they  arc  pursued.  Here  must  be  Imrne  in  nund 
that  in  these,  the  w^caker  individuals  an4l  tlmsc  whose  [lowers  begin  to 
fail  ar*e  forctnl  into  otlier  rxH-npatirvus,  and  that  thiise  who  remain 
until  the  end  show  an  avenigt^  age  at  dcjith  which  is  eh>quent  of  the 
lienign  influence  of  the  calling.  It  is  undonlitedly  true  that  musenlar 
fflort,  carrii*il  to  excess,  will  undermine  the  hi'jdth  ;  but  not  forwd 
iK-yond  n«asonable  limits,  and  jKirtieularly  if  carried  on  under  go<xl 
hygienic  surroundings,  instead  of  being  in  itself  jirejudieial  to  health, 
is  promotive  of  ii.  Tliose  wlio  are  forced  into  ligliter  (»ciruj>ati(»ns  may 
fiml  the  change  advantageous  ;  or,  on  the  other  hand,  entering  upun 
them  already  brciken  in  healtlu  may  help  to  reilucc  the  average  age  at 
death  of  all  those  engagt^l  therein. 

Another  influence  having  a  In-anng  on  the  ehoice  of  rMx^uj^wition  is 
the  high  wage  offered   Uy  attract  workmen  to  trades  which  are  properly 
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e^mceded  to  be  danjejiToiis  to  health.     These  are  njitunilly  unuttmHivoj 
tf^*  raeD  i»f  8OUI11I   [nniy  nnd   luiin],  to  whinii  healtli  and   life  aiv  hwe 
and  lieiiee  tliev  find  their  reeruit,'^  anmn^r  the  hrokeii-down  ami  viri^m^iii 
tx.»  whom  the  nite  of  jkiv  utlers,  In  the  one  l^um^  iiniiiedkte  niueh-im^ 
and  otherwise  uiiattiyriiihh*  tinaneud  relief,  11  iid,  id  tltt*  nlher,  opptrtunil 
for  a  short  iwriml  of  unrestraine^l  liei^nse. 

Statistics  ctmeerning  oetniimtionw  enteretl  ii|Kjn  at  an  earlv  agi'ta 
followed  fi>r  hut  a  limited  nunilier  f»f  years  as  a  preliminan*  traimnir 
fur   other   railings,  ami   those  wliieh    from    their  very  nature  cfcnmnd 
men  of  wiile  experience,  hence  well   matured,  can   be  of  little  uf  no 
value  unless  the  iK^cupations  are  in  sume  way  of  intrinsic  (tirigef.    Wa 
tind^  fur  example,  iu  eertaiii  statistital  tahle.- deidin^  only  with  imlivw 
uals  alxive  the  age  ol"  20  ytiirs,  that  the  average  age  at  desith  of  i^tude 
is  uIkhU  23  years,  wljile  tliat  '>f  professors  excetnls  5(U     The  niatiifei 
absurdity  of  attemjjtiug  eom[varisous  fif  the  healthfulnesf^  of  the***! 
oe(iipati(*[is  is  linmght  out  still  iartlier  by  reversing  the  eai^H',  and  ^p 
jjosiug  tire  prolessors   to  die  off  at  2;J  ami  the  students  at  50.    Sin 
even  advanei*d  stutlents  in  the  professional  seh(M»lH  jvi^s,  as  a  rule,  i 
of  tlie  stmlent  class  and  iuto  their  chosen  fields  of  usefulness  long  befol 
their  thirtieth  year,  it  cannot  cause*  snr])rise  that  those  who  die  befoi 
their  tniiniiig  is  eoiupleted  do  not  show  a   high  average  age  at  ck^thj 
and^  (in  tlie  other  hand,  since  men  of  leannng  are  not  onlinarily  call« 
upon  to  assume  the  duties  af  jjrofessors  until  tliey  have  pissed  thnmi 
the  lower  gradci?  which  leail  U>  that  ni uk,  it  is  to  l>e  expected  that  th 
average^  agt^  at  tleath  will   lie  fairly  high.      To  coinjmre  lieutenant^: 
major-generals,  shi^jping^lcrks  an^l  retirttl  mereliants,  appix.*ntit?ps 
master  carpenters,  would   he    no   more   absurd.      The   avemge  ajge  \ 
ileath  td'  any  one  calling   must   be   largely  influenceil    by  the  rebti^ 
number  of  individuals  of  the  different  age  periods  engaged  themnj*a 
as  is  the  case  with  the  population  in  geueraL 

Am>thcr  fact    that    affec^ts    the    age    at  which   work   *m  iindertabo 
is  a  very  low   wage  oifered  even  in  times   of   [>ro^i|KTitj%  sti  low 


to  l>e  no  inducement  to  heads  of  families^  but  snflieiently  high  to  <*<l^| 
<  offspring. 


them   to  help  out  tlieir  financial  condition  by  making    u^^   of  tlit 


Before  }m)cc»eding  to  a  classification  of"  *>c<'Ujiatii»ns  act*ording  to  ihafl 
cireumsttiuccs  whicli  detenninc   their  healthfulness,    it    is  desinil)le  Wm 

I 


consider  the  significance  of  the  H:»mewliat  loosi»ly  applied  term,  *>r^fi/>a- 
tiifH  (iiMeft^m.      E\^erv   f\>rm   of  <K>cupation  and   even*  f<r>nn  of  life  of, 
leisure  has  >ome  attendant  circurustanct^^  which  may  at   some  time,  i 
one  way  or  another,    l>ring  al><nit  a   pnHlis|H»sition   to  some  form 
disL^ise  ;  an«l  to  regsutl  every  dist»ase  of  an  artisan,  tradesman,  or  pm-^ 
tmsional  man  as  attribntal>lc  to  his  ])articular  calling,  is  to  fall  mt<ta 
eommun  inexcusal>ie  errvir,  Inr  workers  and  dnuies  have  most  diMiuH" 
in  comuiun.      It  is  l>eyom!  tbs|>ute  tliat  ct»riain  patht>logic!:d  condih<xl 
arc  ctanstMj  an*l  others  promotetl  by  certain  tx'cnjKitions,  and  it  is  e^j« 
true  that  most  diseases  alrfinly  accjuiri^d  may  be  inflneneed  for  Ik 
or  worse  by  oue  or  another  railing. 
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The  true  oocupatinn  tll^ejt^t*  is  thnt  vvhieh  in  all  proliiihility  wijtikl 
nut  liave  Utrn  Ufquiretl  \\m\  tlu'  individuu!  luA  eopigiHl  in  his  yww- 
ticiilar  calling  or  soDie  other  in  which  the  eontlilimis  are  fMH^ntinlly 
Hirailar,  As  an  instantH\  may  l>£»  citetl  the  lead  piiralysis  of  the  houge 
[)ainter,  p)tter,  eonip<»^itr>r,  tiiiA  file-<nttter.  Certain  dinease^  of  eoni- 
inon  oecnrrenc'c  in  tlie  pnjmlutitin  at  large  are  protnuted  by  the  eondi- 
tiuos  under  wliieh  variuns  callin;j[s  are  earricHl  un,  but  these  eanuut 
prwipLTly  Ije'  eidte<l  (x*enpation  diseases,  si  nee  the  exeiting  aiuae  is  in  no 
wav  a  part  of  tlie  business,  and  nnder  better  hygienic  management, 
eonit>incHl  with  nmre  tiivtjnible  imtside  inHnenees,  might  Ik*  avoided. 
As  a  eonspieuous  instanee  of  this  elass^  may  W  t^iteil  the  tnliereuh^sis 
of  dressmakers,  eutlery  grinders,  and  uj>t^ratives  in  the  eottoji  and  tlax 
industries,  ]>roniot€^  by  overerowding  and  inhahition  of  dust  wliUe 
at  wtjrk,  and  liv  all  extraueous  conditions  tending  to  lower  vit^dity. 
The  plying  of  the  m^edle  is  in  itself  in  m^  way  inimical  to  the  in- 
tegrity i>f  the  lungs;  the  grinding  i>f  the  steel  implement  on  the  wheel 
and  the  running  of  the  hxnn  send  furth  none  of  the  speeifie  liiteilli ; 
but  the  overen>wding  in  the  one  ease,  and  the  ntiavoidable  iidiahition  of 
instating  <lust  in  the  uthers,  bring  about  the  eonditiojis  wliieli  offer 
tertile  sial  to  th*'  germ  r*f  the  disease. 

Certain  conditions  are  influeneed  feir  better  or  worse  by  different 
o<'cupations,  as  has  been  statwL  Anmng  these  may  be  mentioned 
aniemia,  which  not  uneonnnonly  is  elasse^l  iimong  the  diseases  of  oecu- 
(pation.  I'nder  the  mnditions  of  many  indour  (*allings,  this  state  iii 
( asiiy  liriiugbt  about,  or,  if  already  existing,  inereaswl  ;  but,  on  the 
uther  iiaud,  under  tliose  of  outd(»or  f*eeupation,  it  is  not  likely  to  Im» 
indueeil,  and,  if  alrt^ady  existing,  may  be  made  to  disiippear.  Many 
ocrupatinns,  f(»r  easily  explaiTiable  i-easons,  draw  their  workers  largely 
fivim  ibal  portion  fif  the  [mpulation  wbirh  is,  if  not  already  diseased, 
predisposetl  by  lierHlity^  liabit,  and  home  surroundings  to  amemia,  tu- 
U^rculasis,  and  other  disorders,  the  cmst^t  of  which  may  be  hastened  or 
delayed,  aeeording  to  eireum stances.  In  these,  and  in  oeenpations  in 
grnend,  it  is  not  an  easy  matter  to  dettTmine  eorreetly  the  anKiiuit  of 
inrtuenee  properly  f4iargpable  to  the  ealHng  when  disease  af>[H'ars,  since 
the  eemditions  under  wbieh  a  trade  is  carried  on  may  lie  widely  vari- 
able, and  their  inlluenee  for  good  or  evil  exeet^ilingly  eoniplex.  Anjong 
tliese  etmtlitions  niay  hv  mentioned  indo(*r  confinement,  nattuv  of  ma- 
terials, geogra|)bie4il  hicatiiai,  anrl  wages  jiaid. 

Whether  an  oeenpati(jn  is  carried  on  indoors  or  outdoors,  \<  of  nuieh 
importance,  for,  other  things  Ix'ing  et[Uid,  outdoor  emjJoyment  is  ^nv 
more  conducive  to  hesdth  than  is  confinement,  even  in  welbv(*nti- 
lated  faetories,  in  which,  witli  the  best  of  systems,  the  air  eann(»t  l>e 
n^untaintnl  in  the  conditir^n  of  purity  which  ol>tains  outsitle,  Kven 
those  cjil lings  wbieh  snl>j(/</t  tlirir  foll*vwcrs  to  great  vicissitudes  of 
wciither  ap|K*ar  tr*  be  nn>re  eonilu^'ive  to  robustness  than  those  carried 
on  indnors,  particularly  if  the  nature  of  the  work  is  siieli  as  to  csdl 
for  freeilom  of  movement  and  grc*at  biHlily  activity.  The  sailor,  the 
letter-4"arrier,   c>r   the   farm    liand,   ibr   exampte^   working  in   the  open 
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mVy  in  heat  and  cold  atid  in  all  kinds  of  weather,  is  better  circum- 
stanced in  many  ways  than  the  loom-tender,  the  entry  clerk,  and 
the  salesman  at  the  ribbon  counter.  He  works,  perhaps,  in  a  broil- 
ing sun,  rather  than  in  an  overheated  room  filled  with  impure  air; 
the  air  he  inhales  contains  some  dust,  perhaps  much,  but  it  U  a 
less  harmful  dust,  less  abundant,  and  not  continuous.  The  air  of  the 
factory  and  workshop  may  be  almost  as  pure  as  that  out  of  doors,  or  it 
may  be  laden  with  fumes,  gases,  foul  odors,  or  dust  of  a  special  nature, 
ac<H)nling  to  the  materials  used.  The  outdoor  worker  is  aLs()  much  less 
oppressed  by  the  monotony  which  is  so  conspicuously  a  concomitant  of 
indoor  work.  He  can,  at  least,  see  some  part  of  his  world  in  ever- 
changing  conditions,  while  the  mill  operative  tends  his  machine,  of 
which  he  is  perhaps  only  a  minor  part,  day  in  and  day  out,  seeiug  it  do 
the  same  thing  with  mechanical  exactness  so  many  times  jier  minute  or 
per  hour,  with  no  more  sense  of  responsibility  than  might  reside  in  an 
automaton. 

Geographical  location  of  the  place  of  employment  has  an  important 
«anitar\'  bearing  on  the  condition  of  the  workers,  since  it  determines 
very  largely  the  outside  influences  to  which  they  are  subjected.  Loca- 
tion in  country  districts  is  likely  to  insure  better  and  cheaper  homes 
than  cxin  be  found  in  crowded  cities,  with,  perhaps,  a  patch  of  gaideu 
which  may  be  worked  for  pleasure,  profit,  and  variety'  in  the  diet.  It 
is,  furthermore,  farther  removed  from  the  influence  of  the  tippling-shop 
and  other  unhealthy  influences  of  the  city. 

The  wages  paid  affect  the  health  of  the  working  classes  in  several 
ways.  A  small  wage  means  necessarily  a  small  expenditure  for  rent, 
clothing,  and  food ;  it  means  overcrowded  tenements,  lack  of  ventila- 
tion, insufficient  protection  of  the  body  by  clothing  of  inferior  quality, 
inadequate  food — usually  improperly  prepared  and  hastily  bolted— 
personal  and  general  uncleanliness  and  other  conditions  which  lower 
the  nientiil,  moral,  and  i)hysical  well-being  of  the  workers  and  all  who 
are  clej)en(lent  upon  them.  It  means  more  beside  :  it  means  the  utili- 
ziition  of  child-lal)or  and  the  breaking-down  of  women,  who  perform 
the  double  duty  of  looking  after  the  home  and  assisting  in  its  main- 
tenance. All  these  circumstances  promote  the  morbidity-  and  mortality- 
rates,  and  the  j)artieular  occupations,  perhaps  intrinsically  wholes^onie, 
a.e  then  said  to  be  inimical  to  health,  when  it  is  not  the  nature  of  tht* 
callings,  but  the  attendant  circumstances,  that  are  at  fault.  Thu.-*,  it 
oflen  liaj>pens  that  the  conditions  leading  to  the  most  serious  evils  may 
be  traeinl  to  some  cireuinstance  or  combination  of  circumstances  which 
are  wholly  external. 

Classification  of  Occupations. — In  a  general  way,  we  may,  from  a 
sanitary  standpoint,  classify  occupations  as  follows:  1.  Thosi*  which 
are  intrinsically  dangerous  to  heiilth  by  reason  of  the  nature  of  the 
materials  involved.  2.  Those  which  are  carried  on  under  conditioas, 
avoidable  or  unavoidable,  which  promote  susceptibility  to  dis<»ase.  •^. 
Those  which,  involving  exposure  to  mechanical  violenw,  are  dangerous 
to  life  and  limb  mtJicr  than  to  health.     4.  Those  neither  intrinsically 
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^buigerous  to  health  or  life  nor  carried  on  necessarily  under  peculiar 
^a.▼oidable  or  unavoidable  circumstances. 

The  first  and  second  of  these  classes  are  of  esjiecial  interest  to  the 
fluiitarian,  whose  efforts  are  directed  toward  the  removal  of  all  unsani- 
tmrj  influences  of  whatsoever  kind  attending  any  and  all  occupations. 
The  third  class  includes  occupations  which  involve  the  i)ossibility  of 
.  injury  due  to  circumstances  b«iring  no  relation  to  hygiene.  Thus,  no 
cflTort  of  the  hygienist  can  prevent  a  brakeman  from  falling  beneath  the 
wheels  of  a  train  or  the  operative^  in  a  dynamite  industry  from  being 
blown  into  eternity  by  the  force  of  an  explosion  due  to  carelessness. 
The  fourth  class — and  this  includes  a  great  variety  of  perfectly  color- 
less callings — presents  nothing  of  especial  hygienic  interest,  since  the 
physical  condition  of  the  individual  would  be  essentially  the  same 
whether  he  were  engaged  in  one  or  another  of  the  different  fields,  and 
only  those  which  are  carried  on  under  peculiar  conditions  can  be  studied 
to  advantage.  Therefore,  only  the  first  two  classes  will  be  coasidered 
here,  and  since  the  dividing  line  between  the  two  is  often  difficult  to 
define,  and  since  some  occupations  may  be  said  to  belong  to  both,  the 
two  may  be  merged  into  one  for  the  sake  of  convenience,  and  then 
flnbdivided  as  below : 

The  occupations  which  are  of  particular  hygienic  interest  embrace 
tiiose  which  involve  exposure  to-^ 

1.  Air  vitiated  by  respiration. 

2.  Irritating  and  poisonous  gases  and  fumes. 

3.  Irritating  and  poisonous  dusts. 

4.  Infective  matter  in  dust. 

6.  Offensive  gases  and  vapors. 
€.  Extremes  of  heat. 

7.  Dampness. 

8.  Abnormal  atmospheric  pressure. 

Of  distinct,  but  minor,  importance  are  those  which  involve — 

9.  Constrained  attitude. 

10.  Over-exercise  of  parts  of  the  body. 

11.  Sedentary  life. 

Some  occujiations  are  conducted  under  such  conditions  that  they 
may  very  properly  be  regarded  as  l)elonging  to  a  number  of  these 
iproups.  Mining,  for  example,  may  he  considered  under  groups  2,  3, 
6,  7,  9,  and  10,  and  cigar-making  under  groups  1,  2,  3,  9,  and  11. 

To  attempt  to  describe  the  conditions  which  surround  each  individual 
industry,  and  to  give  the  details  of  the  countless  processes  involvcnl, 
would  be  beyond  the  scojie  of  a  work  of  this  nature,  an<l  quite 
unnecessary  for  a  general  understanding  of  the  Relation  of  occupation 
to  health.  Therefore,  in  the  following  ])ages,  only  the  most  oonspicu- 
oosly  characteristic  examples  will  be  citeil  by  way  of  illustration  of  the 
dangers  to  which  workers  are  exp<jsed. 


HYGIENE  OF  OCCUPATION. 

L  Occupations  InvoMBg  Exposure  to  Air  Vitiated  by 

Respiration. 

This  elasi^  nuiy  hi*  iiuulti  t«»  iiu'lude  any  iiidodr  calliug  carried  on  iiij 
ovi^rmiwdtn],  ill-vi'iitilatiKi  riKiniftj  in  which  the  air  is  vitiated  only  lij 
tlu'  pn»efsses  ni'  the  limly,  and  not  hy  ndvputitiinii*  gH4?ei<  or  dust. 
iK'ru[iMti(»iis,  therrl'ivrc%  are  mA  m  thcmH.^lve^i  tlangcmus,  lait  arv  nui 
HI  by  a  |irt'Vi'ntahh-'  ciinse. 

Aw  exanipk'Sj  Tnayl>e  ciuxi  the  f^alliiigs  of  tai hiring  and  drus^makiD_ 
\vhieh,  fiiily  too  ctminionly,  aiv  conducted  in  roomt?  in  winch  fn*»ha^ 
and  cnhif  space  |kt  ca[*ita  are  at  a  minimrim.    The  workerg  ar^'pecbi 
into  (jiiartcrs  no  iarij^er  than  ahM>liitcly  nrccssary  for  the  j^tTftiniu 
of  their  daily  ta.-^k,  impo>>;ihle  of  |yroper  vcntilatiini  without  an  expcn 
tiive   niei^hanieal    .systeui,    isu    great    \^   the    overcrowding,   and.  a*» 
naturally  to  be  supj»o?^*d,  uverheatetL      Here,  the  iinfc»rtuiiatef^  ^\evA{ 
fairly  long  day,   leaving   at    ni^ht   to   jjo   to   home?;    {lerhaft'   do  I« 
nnstnitary*      If  Oitt   alrrjiily  so  when   they  Ix-fi^in,  they  l>e<*onu%  atW  ; 
time,  auiemic,  dysjiejitie,  and   de[>resstMl,  thet^e  conditions,  as  in  mvwA 
other  callings,  being  |)ronioteil   h\  lack   of  exercise,  by  ill-4!ht»s<.ui 
Imdly  eookeil   food,   and   by  absence  of  ht^tthftd   rtX'reatif»ns,     Tin 
become  grcittly  susceptible  to  e«>hh  aufl  hence  oji|>iisi*d  ti>  the  admi^^io 
of  fresli    air    fnvm   witb<>nt.      Breathing   cxerenji'ntal    air    by  dav  m 
night,  denying  themselves  |»roj>er  foo<J,  their  rninds  ch^preK^nl^  it  i^  i 
ro  be  w(»nrlereil  at  that  their  condition  invittii*  disease,  more  luirticiili 
the  one  which   stan^ls  forth   (Conspicuously  as  a  cnns€»qucfnix.'  uf  ov« 
rriiwding;   namely,  |>nlmonarv  cimsiuuption.     The  onsi»t  is  insiilioil 
Keginning  with  a  cold   tliat   resists   being  **thro^^n  ofT',"  the  cough  I 
corner  chronic;  they  continue  to  lose*  weight  and  stanigth,  and  the  < 
run  be  foreseen.      It   is   not  to   be  unch  rstood  that  tlicsi'  callingti 
always  or  even    nsnally  ass<w*iided   with   these  <Huiditious  ;   hut  wl« 
they  an',  the  result  is  generally  the  same. 


2.  Occupations  Involving  Exposure  to  Irritating  and  Poisonous 

Gases  and  Fumes. 

This  class  iut'btdes  a  grwit  variety  of  iidlings  vvhicli  may  nr  nuijf 
not  Ix^  intrinsically  dangerous,  according  to  in*lividual  circ*amstiiiM«irJ 
In  many  cases,  the  dangiT  may  Ix*  miieli  lessened  bv  due  regard 
fiersfuial  hygiene  and  by  the  use  of  respirators.  The*!e  an*  mi\\^ 
pit*c4>  of  a]*iKiratu-  d*'^igned  to  remove  noxious  matters  fn»rn  ih 
air,  on  its  way  t*j  the  respinitory  |>assages.  It  is  the  rule,  Ijnwevii; 
that  workmen  refuse^  t**  wear  them  after  the*  first  days^  even  tb<»i 
well  aware  of  the  p(»ssiljle  eonser|uences  of  hiving  thein  aside.  0\ 
reason  for  this  is  tliat  not  tnw  of  the  Severn!  forms  inventiHJ  can 
worn  with  any  tiegree  of  eomfort*  They  dcuiaiKl  fast<.*r  respirati<Jt 
siM»n  get  wet  with  expire*!  moistui^ts  and  cimse  px<'essive  piTspimtiiH 
Fni*tlicrrnore,  they  csinnut  be  nuulc  to  fit  tightly,  and  f^o,  even  wl»< 
conscientiously  worn,  they  only   [vaitially  perform   their  office,     Tl»e 
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Tnajority  of  them  are  ile^^lirn^'^l  f<>  tilter  nut  dust,  hut  all  are  minb*  ini 
-csiw^eiitially  die  siine  principle,  those  inteurlint  tor  uoxious  tliiues  enu- 
tainiu^jj  s]MUitry  m-  other  ahsorbeut  uiaterial,  wet  with  agents  which 
^xerl  a  Ufutnilizinj^  iuHuein-e. 

One  i\w\n  eiuisists  <it*  a  niuz/le  uf  finr  wire  ^iu?:e,  single  nr  ilouhle, 
on  a  metallie  tranie.  li'niJHie  witli  a  sinjLcle  layer,  it  is  lim^l  with  vtyt- 
fon-WiKil,  kept  in  jihu'e  l>y  a  very  liwtsely  woven  I'abrie  stitehe<l  to  the 
wire  nie--<hes  ;  if  made  dunhle,  the  intervening  spa(n»  is  oeeupiecl  by  a 
piec'e  of  tliin  flanneL  Another  iurui  is  made  of  wi»ven  or  laiittiH!  sttiff, 
instead  of  wire.  This  is  siiiil  to  lie  even  liotter  than  the  first  inentiuni'd, 
partieuhirly  in  minimer,  and  botli  are  extremely  nT»f*rmif(Utabh\  A 
third  fnrm,  made  of  pie<-'es  of  flat  s|XJTigi'  Inv^^  I'nough  to  iMJVer  the 
nose  ami  mi>uth^  interferes  very  inueh  with  free  respiration.  Anotlier, 
<Minsistiug  oi*  a  large  bag  of  fine  eambrie,  is  said  to  In-  les>*  objwtion- 
nh\i\  bat  is  dtllieult  to  fasten  tightly, 

Aj*ide  frum  the  discomfort  wuised  by  res]>irators  of  whatever  form, 
the*  opi^nitives  have*  another,  a  senseless^  objei^tinu  Ut  tfieir  nse,  women 
eoniplaiuiug  that  they  are  ma<le  to  **]ot»k  ridieulous/*  and  men  being 
mtivefJ  to  discard  thcru  by  the  gibes  of  tlanr  niurv  reckless  lellows. 

(a)  Irritating  Oases  and  Fumes. — As  exaiu]>les  of  irritating  gasess 
or  fumes,  may  he  eitetl  aninioniaj  ehhmne,  sulphur  dioxide,  hydrf>- 
chloric  aei<l,  and  rntrous  fmnes.  In  small  lunnuuts,  they  eans*^,  ]h*v- 
haps,  no  more  disturljaucc  than  a  slight  tickling  eongh»  lait  \n  large 
ninonnts,  they  lu'ing  about  great  tli^eomfcn't  nud  aeuti*  and  ehnniio 
<*atarrhal   coudititjus, 

Chloriiu',  which  is  usefl  or  given  off  vtny  extensively  in  a  mnnbiT  *A' 
industries,  is  nnim|»i>rtant  when  it  i?^  preHi?ut  in  the  air  in  very  --niall 
tniees  ;  but  when  in  Inrge  nmnmits,  it  is  said  to  t^anse  minor  catarrhal 
troubles  aucl  dimitmtiou  or  even  loss  of  the  sense  of  smell.  It  is  said 
l)y  Petteidvufer  that  from  I  to  5  )Kirt.s  4»f  chlorine  in  UMXUOOof  air  are 
sufficient  to  affect  the  lungs  ;  that  40  to  ♦50  j>art,s  in  10(1,000  will  pnv 
fluee  ahirming  symjUonis  ;  and  tliitt  moi'^^  thiin  00  jiarts  will  cause  dratli. 
It  is  givetj  off*  in  the  priHrssr^s  of  making  and  using  lilcarliing  powdr^, 
in  the  oiKTation  of  glazing  bricks^  and  in  variiais  other  jmnx^ssej^* 
Among  the  workmen  wlio  make  use*  of  bleaehiug  jiowder,  tlie  ix-i-ur- 
rpnee  of  In'orieliitis,  nstlnna,  and  caries  cd*  the  teeth,  is  notieenbly 
fre(|ncnt. 

Hydroehlorie  acid  i'umcs  are  given  off  in  various  industries,  and  es- 
pwially  from  alkali  works,  the  immenliate  neighborluMKl  of  which  is 
likely  to  be  barren  of  vegetation  in  eonsi-^jnenee  theivof.  They  are 
given  off*  iilso  id  the  pr«^M*ess  of  gjdvanizing  iron,  the  first  put  of  the 
work  consisting  in  '*  pickling"  the  iron  in  th(*  aciil  to  clean  it  and  to 
prevent  tlic  ]ireseuee  < if  oxide  on  the  surface  wlien  it  is  diiJjKxl  intt*  the 
molten  stine.  The^e  fume^  act  much  less  energetically  on  the  respira- 
t*^rv  [mssages  than  ehloriu(\  Fettenkofer  stntc^s  that  as  nnieh  as  1  jiart 
in  I,0OO  of  air  can  Ih'  borne  w^ithnut  c]if!ienlty  by  men  wh<>  are  aceus- 
tome<l  to  it,  but  that  this  amount  can  not  be  cxeet*detL  In  the  gjdvan- 
iring  process,  the  workmen  are  expfjsinl  also  to  the  dense  fumes  arising 
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from  the  sal  ammoniac  which  is,  from  time  to  time,  thrown  upon  the 
surface  of  the  molten  zinc.  These  are  more  insupportable  than  the 
acid  fumes. 

Sulphur  dioxide  is  evolved  in  the  smelting  of  various  ores,  in  jwe- 
pjiring  hops,  in  the  manufacture  of  sulphuric  acid  and  of  onlinuy 
matches,  and  is  used  extensively  as  a  bleaching  agent.  In  smill 
amounts,  it  causes  cough,  and,  by  those  unaccustomeii  to  it,  cannot  be 
tolerated.  Those  who  are  exposed  to  it  in  their  daily  work  establish  t 
gradual  tolerance  and  take  no  notice  whatever  of  an  atmosphere  in 
which  it  is  present  to  such  an  extent  that  persons  unaccustomed  to  it 
cannot  breathe  it.  The  weight  of  evidence  concerning  the  relation  of 
this  gas  to  health  indicates  that  its  effects  are  neither  serious  nor  last* 
ing,  and  are  exerted  more  on  the  digestive  than  on  the  respipat<Hy 
function.  In  some  individuals,  a  small  amount  in  the  atmosphere 
causes  epigastric  pain  and  heartburn  very  quickly. 

Bromine  is  exceedingly  irritating  to  the  respiratory  passages  and  to 
other  mucous  membranes  with  which  it  may  come  in  contact.  In  small 
amounts,  it  causes  cough,  dizziness,  and  a  feeling  of  general  malaise; 
in  large  amounts,  spasm  of  the  glottis  and  asphyxia.  Bronchial 
asthma  is  commonly  observ^ed  among  those  constontly  exposed.  The 
fumes  of  iodine  act  practically  in  the  same  way,  although  to  a  much  le» 
markt^d  extent.  In  occupations  in  which  these  two  substances  are 
used,  men  with  a  tendency  to  pulmonary  troubles  should  not  be  per- 
mitted to  work. 

There  is  no  evidence  that  ammonia  in  small  amounts  produces  any- 
thing more  than  temjwrtm'  irritation  of  the  air-passages,  but  it  is  a 
general  belief  that  it  is  conducive  to  emphysema. 

Nitrous  fumes,  given  off'  in  a  number  of  processes  involving  contact 
of  metals  with  nitric  acid,  are  also  of  no  very  great  importance  in  small 
amounts,  hut  it  is  said  that  those  who  are  exposed  are  es|)ecially  i^ub- 
ject  to  phthisis,  in  the  causjition  of  which  it  is  conceded  that  the  con- 
strained attitude  and  lack  of  ventilation  have  a  large  influence.  It  is 
noted  that  the  tendency  is  greatest  in  those  exposed  to  the  largest 
amounts. 

(/>)  Poisonous  Oases  and  Fumes. — This  class  includes  a  ver}^  large 
number  of  oecnpations,  since  poisonous  gases  are  an  incident  of  proc- 
esses  without  number. 

(  arl)on  monoxide  is  one  of  the  most  imjxjrtant  of  the  poisonous 
pises,  and  this  is  given  off*  in  many  manufacturing  ojierations,  usually 
in  ('oni|)any  with  other  gases,  and  it  is,  therefore,  not  always  an  easy 
matter  to  determine  what  proj)ortion  of  the  effects  noticed  are  due  to 
any  one  eon.stituent  of  the  mixture.  The  constant  inhalation  of  even 
very  small  amounts  of  carbon  monoxide  causes  disturbances  of  the 
digestive  function,  general  weakening  of  the  system,  and  diminished 
mental  power.  The  one  class  in  which  one  would  natundly  expect  to 
find  the  greatest  evidence  of  injury,  namely,  laborers  in  gas  plants^ 
yields  very   little. 

Carbon  disnlphide  is  much  used  as  a  solvent  for  fats,  but  its  chief 
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-  Bse  is  as  a  solvent  and  vulcanizing  agent  for  India-rubber.  The  verjr 
pecaliar  effects  produced  upon  the  operatives  in  rubber  factories,  espe- 
dnlly  when  the  work  is  carried  on  in  imperfectly  ventilated  rooms,  have 
been  attributed  generally  to  the  use  of  this  agent.  There  is  at  first  a 
doll  headache,  which  increases  much  in  severity  toward  the  close  of 
day ;  sight  becomes  somewhat  confused  ;  vertigo  and  epileptiform  con- 
vulsions, pains  in  the  extremities,  and  formication  are  common.  In 
the  early  stages,  an  unrestrainable  inclination  to  talk  is  almost  invari- 
ably observ^ed,  and,  coincidently,  a  stimulation  of  sexual  desire.  Soon, 
the  victim  becomes  moody,  irritable,  and  subject  to  violent  outbreaks 
of  anger ;  vision  becomes  further  impaired ;  the  sense  of  smell  is  much 
diminished.  During  this  stage,  obstinate  insomnia  is  the  rule.  Next 
occurs  a  stage  of  depression,  in  which  the  loquacit)-  and  increased  sex- 
ual desire  give  way  to  impaired  memory,  feebleness  of  mind,  taciturn- 
ity, and  diminution  of  sexual  desire  and  power  even  to  complete  abol- 
idliment,  with  intense  headache,  either  somnolence  or  wakefulness,  and 
local  areas  of  anaesthesia.  Sometimes  cough,  dyspnoea,  and  parapl^ia 
are  observed.  As  a  rule,  however,  no  permanent  injury  is  caused, 
since,  from  the  very  nature  of  the  symptoms,  the  victims  are  unable 
to  continue  to  work ;  and  removal  from  the  cause,  with  appropriate 
mejdication,  in  which  phosphorus  is  highly  regarded,  usually  brings 
about  a  perfect  cure.  This  train  of  symptoms  seems  to  be  peculiar  to 
workers  in  rubber  factories ;  and  since  the  evidence  at  hand  shows  that 
those  who  make  carbon  disulphide  do  not  suffer  in  the  same  way,  it  seems 
reasonable  to  suppose  that  other  agents  than  this  one  are  to  be  consid- 
ered in  the  etiology.  It  happens  that,  in  this  same  industry,  naphtha 
is  very  much  used  as  a  solvent.  The  vapors  of  this  substance  cause 
embarrassment  of  respiration,  and  also  dizziness  and  mental  confusion. 
In  France,  the  employment  of  women  under  eighteen  in  rubber  fac- 
tories, and  in  any  work  which  exposes  them  to  the  combined  fumes  of 
naphtha  and  carbon  disulphide,  is  prohibited.  Santesson  ^  has  reported 
9  cases  of  naphtha-poisoning,  4  of  which  were  fatal.  They  occurred 
in  a  rubber  factory  where  a  solution  of  rubl^er  in  naphtha  was  used* 
The  symptoms  were  heiidache,  dizziness,  vomiting,  palpitation,  and 
hemorrhages.  In  those  cases  which  reiK)vered,  the  symptoms  lasted 
several  weeks.  All  the  victims  were  young  women.  In  1  fatal  case, 
the  autopsy  showed  fatty  degeneration  of  tlie  heart,  liver,  kidneys,  and 
other  parts.  Naphtha  is  useil  very  extensively  also  in  cleansing  wool- 
len and  other  un washable  clothing,  and  young  women  employed  in 
establishments  devoted  to  this  kind  of  work  suffer  from  dizziness^ 
nausea  and  vomiting,  headache,  insomnia,  and  hysteria.  They  find  it 
necessary  to  go  frequently  into  the  oj)en  air  in  order  to  avoid  hysteri- 
cal outbreaks. 

Another  much  more  poisonous  substimce  is  nitrol)enzol,  which  is 
very  insidious  in  its  effects.  It  is  used  in  making  aniline,  like  which 
it  is  a  narcotic  poison,  and  in  the  manufacture  of  roburite  and  other 

'  Gasette  hebdomadaire  de  M^klecine  et  de  Chinirgie,  August  26,  1897. 
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i>f  tlie  newer  explosives.  Lunjr  rxjingure  to  small  amownts  pm^ltiwl 
tniiii  ut*  sytiijitiMns  \vlii(  li  int^lTidt*  lutulache,  dyspoffa,  druw^ine^-^  flii 
ziiioss,  nauseti  ainl  vomiting,  ami  loss  of  muscuJar  streogtli,  aud  «hk*}t 
terminate  in  stupc*r  and  not  infnxiiiently  in  death.  Desith  scjnK'timfr 
ooenrs  witliin  a  few  lumrs  i>f  the  onset.  Aniline  vapor  itst-lf  l<  iliu- 
gerrius  to  health  wlic^n  present  in  the  air  to  the  extent  of  0.1  |ict  oi-Ta. 

The  most  [>r«^minent  of  all  the  pHsoniKis  vu|K>rs  in  mamitVieturiog 
proceiiseg  are  those  of  niereur}^  and  phosphonis.  It  i^  hardly  »?<«&• 
Hsiry  here  to  ennmerate  the  etfeets  of  expr»snre  to  tliese  pt)is<ins,  mat 
they  art*  so  universally  well  knnwn  ;  l»ut  it  is  not  so  eiiamMnh 
reeM|j;iHztHl  that  operatives  in  industries  in  which  metalh'c  nienr^tirr  i- 
iiseii  extensively  appeiir  t<j  l>e  veiy  suhjin-t  to  phthisis,  and  tlmt,  am«m* 
the  women,  miscarriage  is  very  common.  It  is  sjiid  that  the  nffspriiif 
show  the  etfV*cts  of  the  |Kason,  and  that  two-thirfls  or  niort*  of  tkn^ 
horn  at  term  die  without  eoni[iletin^  a  year  of  life  ;  hut  it  i:^  well  Ni 
eousider  that  anmni^  the  classics  from  which  the  operative!?  for  this  ami 
similar  oecupationB  are  <lrawn,  child  l[fc%  at  iK'st^  labors  under  gri«l 
disadvantages. 

Mercury  is  e*)mmouly  su[>posed  tt>  he  usihI  ehicfly  in  the  mjn    " 
ure  Mf  ntirr«*rs,  and   in  gilding  and  silvering.     This,   however, 
from  heing  the  case.      In  fact,  the  prtwesses  of  making  mirrors  atui  <»( 
gilding  have  l>een  so  revolntininze*!  that,  in  these  iiidustrias  menttriil 
atfix*tious  hi'ivc  Ix'cu    practically  elimiiiatcHh     At    present,  one  of  the 
most  couimon  s^mrccs  of  nuTcttrial   ptHscuiing  Is  the  indnstry 
ingj  in  which   it  has  Ix^'u  dis4'o\'crcd  that   the  ciuiey  and  »»th(M 
used  make  better  felt,  if  they  have  a  preliminary  tn^atment  in  a  hatii 
<d'  niiTcuric  nitmte.      In  a  later  |uthx'ss,  the  raw  product  is  heatC'd  to  i 
ternjjemtnre  sufficient  Uv  volatilize  the  nu-rcury.     Other  «>ccnjMrtr<tn<  in 
which   mennny  is  us(n1  extensively   include  the  mannfactun*  nf  tbrr- 
mometers,  barometers,  and  ccrt;iin   forms  of  electric  hmtteries^  ami  iIm' 
bronzing  of  plaster  casts  with  an  amalgam  contiuoing  tin,  bismuth,  and 
Jocreury. 

Phosphorus  is  a  substance  of  much  more*  ini|K>rtauce  to  the  pwWi'' 
health  than  mercury,  Tlic  only  iiulustrv  t>f  any  magnitude  iu  wbirh 
phosjihorus  is  used  extensively  is  that  of  match -ma  king,  in  which  in* 
dustry  the  operatives  suffer  Irom  the  well-known  lesion:^  which  phi**- 
pliorus  prcKluces.  This  is  a  danger  which  has  rr*t»i'ived  much  hi^L-b- 
tive  i^ttcntion  in  England  and  other  Euro|KMn  countries,  and  tiiuch 
has  lx*en  done  Xw  avert  It  by  mf»re  strict  attcntiiin  to  hygiene  aixl  th<? 
introdneti<m  of  machinery  to  take  the  place  of  human  Wngs,  In 
8vvitzerlauib  indtiHl,  even  the  ttse  of  any  matches  i»ther  than  tliit*e 
made  with  amorphous  jihnsjthonis   is  absolutely   forbifl<lcu, 

(Vimnion  phosphorus  gives  i>tf  jiois4Hious  fumts  at  onliuarr  teaipeta- 
tures,  providetl  the  air  contains  moisture.      Amorphous,  or  reil,  pi 
phonis  is  not  )x)isonous^  and  gives  off  no  fumes  under  nsnal  con 
tions.      It  cannot  Ix'  Wi^nl    in   the  simie  way  as  eitmmon   phosphor 
and   is  em])lnytHl  oidy  iu  the  rnaniifa>'turc  of  matches  that  strike  on 
OD   the  box  or  on  a   sperially    [prepared   surfatn* ;    this   \<  *»bv(oiidv 


I)lio8|>huros  nre  cunsiitiKMl  luimtislly,  ;igiun.st  4  tuns  of  the  rt^l  varioty. 

It  is  a  very  nnutuiKi  nutiHii  thiit  mo8t  t>f  the  worknii'd  >iulfi'r  exten- 
sively truin  the  effeet.s  of  the  poisaiioiis  fumes,  anil  that  iitH^rosi.'^  of  the 
jaw  i.H  exefediu^ly  eonimon.  It  appeiirs,  liowever,  that^  while  this 
cbiss  fif  workmen  are  in  genenil  mia?mie  and  \nn\ly  noiirishech  the  ex- 
tensive lesions  tliat  formerly  were*  U(jtiee«l  have  liecni  of  hite  years  rnneh 
U*Ms  «*omnion.  In  1HJI7-S,  in  the  Paittnl  Kin^kan,  mom  than  1,500 
persons  were  engagt^l,  l)ut  in  the  four  ye;irs,  lHSM-8,  only  3<j  castas  of 
Ufvrosis  of  the  jaw  were  rtvordetl,  21  of  whieh  oeciirrwi  in  1890;  but 
possibly  niore  tnsiy  have  <xH"iu're(l.  This  nHhietitm  is  dne  to  preeaiitioiis 
taken  to  c*arry  otf  the  fnnies  l>y  thortmgli  ventilatioa,  and  to  | prevent 
their  pHNhietion  as  far  as  {Kissible  by  the  use  t>f  snl»stanees  like  tur- 

Iientine,  and  by  drying  the  matches  as  qniekly  as  [xissihle  aJ1:er  they 
utve  Ikx»u  di|)[MHl,  sinee  the  fnuK^*^  are  given  otl'  only  in  the  presenc^e 
f»f  moisture.  A^ain,  unieh  of  tlie  \v»trk  iA'  dijjping  is  done  irt  rh>sed 
htHKJs.  It  is  said  that  the  most  diMieult  p^irt  of  j>revention  lies  in  the 
handling  of  the  wnrk-|)eople  themselves,  since  they  are  of  a  class  that 
can  ranOy  he  made  to  understand  the  importaiic^e  of  (^eauliness  and  of 
attentinii  to  tlie  erudition  of  the  teeth,  Pei^ons  with  dix'ayed  twth 
hliould  Ik^  exeludtnl  from  the  ^>nsiu(^<s,  sinee  earies  is  kn^wn  to  increase 
ein»rnioiisly  the  risk  of  poisoning.  Tliey  canoot,  for  reasons  already 
€Xp]aine«I,  l>e  |M?rsua<itHl  to  use  respirators. 

Ill  the  industry  of  brass-fi funding,  finnes  are  given  off  whieh  cause 
what  is  coiiunnnly  known  as  **  bru>s-f(iunders^  ague,*'  whieli  is  a  dis- 
order oernrring  sooner  or  later — usually,  within  a  very  sh*trt  time — to 
all  engagi'd.  The  trouble  l>egius  with  a  feeling  of  nialaist\  headache, 
1st  iff ne^s,  great  mnseuhir  p:iin,  and  s<»reness  of  the  chest.  A  ehill  comes 
<*ii,  whic*h  lasts  gt^nerally  about  a  quarter  tvf  an  hcnir,  after  which  the 
patient  I'nlls  into  a  profuse  ]>erspir;jli<m.  The  symjitouis  then  begin  to 
jiljHte  and  within  a  day  or  two  di,sap|K'ar.  Altliough  this  tmin  of 
i^ynrptinus  iioi^a  not  commonly  rwnr,  a  more  or  less  marke<l  chronic 
jxiisoning  is  common,  in  which  the  most  prominent  syniptonis  are 
ameiiiia,  cough,  tachycardia,  headache,  ncnmlgia,  disordered  digestion, 
pn>gressive  emaciation,  antl  annoying  era |)t ions  of  the  skin.  The  acute 
and  chronic  pjisoning  sufterctl  by  this  class  of  workmen  are  supposeti 
by  some  ti»  1m*  chie  to  ^inc,  by  some  to  enp|KT,  by  some  to  botli  tfjgcthei', 
and  by  others  to  arsenic,  wfijch  is  an  important  constituent  of  sraue 
kinds  of  bniss  and  an  impurity  of  cithers.  Some  incline  to  the  belief 
that  bmss-tmmdcrs'  ague  \>  a  true  infection,  for  wliich  the  piiisoned  air 
prepares  the  gT»iind  and  jkiivcs  tlie  way. 

Fumes  c^f  arsenic  ai\'  given  oW  in  various  smelting  op:»rations,  lait 
the  chief  <hingT*r  fnmj  tins  substance  is  met  with  in  <M'cu[iations  to  be 
<H»nsi<lrn><l  Inter,  in  wfiii-h  it  is  given  ntf*  in  the  form  of  dust.  A  pecu- 
liar sour(*e  iii'  [Miisoniug  l>y  arseniuretted  hydrogen  has  bt*eu  brought  tn 
|»ubtic  nottci'  ljy  Maljcan,*  who  ol>served  a  nund)€r  of  cases  of  ieteruh 
'  Art'liivi'^  lie  MMin-iiif  iriilitruiv,  Fdjriuiry,  llKXI^  p,  12. 
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anum^   the   hjillrMinl'^ts  of  a   rrpmcnt   of  eiiginc*c*rs»      The  aiosc  ira^ 
traoed  by  biiii   to  the  hvfJrogen  ^is  iise^l  in  tilling  the  liallcmns  wli 
Mas  made  by  the  action  of  ni\iinary  (commercial  tiulphurie  acid  on 
nuTeiiil   zinc,  bc»th  of  whieli  contain   arh^enic  in    varial>le  amtmut! 
eunsecineiU'C  of  wlucli   the  ]>n»dnet  contained  arseninrettc*!  hydn 
The  inipnre  gjis  was  lifieruted   tlimntrli   the  valve  of  the  balW»n, 
tlie  nuuu   source  rif  danger  was  the  habit  of  smelliug  at  the  i^topcij 
(hnnng  tilling,  to  asi'ettain  when  the  air  in  the  pipes  had  been  ex; 
by  the  gas.      In   the   cases  observe<l,  the  onset  was   market)  by 
malaise,  beadaclu\  nan!^ea»  stiffness   of  the  joints,  jauudiee,  and  hfftDO* 
ghibiiinriiK     The  symptoms  subsidixl  in  a  few  days,  letiving  tlie  \iatk\ 
in  a  (*c»ntliti(jn  c»f  anitMnia  and  proiionneed  malnutrition. 

The  vapors  (*f  wiKid  alcohol  have  within  recent  years  attmetcd 
sideiidili'  attention   by  rrason  of  their  disastrous   etfecl*:   \\\nM\  risd( 
Since  1SM*J,  nmny  i-ases  of  lilindness  have  l>een  reportctl  in  the  join 
devotetl  to  oj)lithahnuh>gy  as  due  to  the  vapors  and  to  the  intiTrail 
of  preiuinitious  such  as  essences  of  ginger,  pep|M'nnint^  etc.,  which 
veiy  commonly  made  with  wockI  alcohol,  and  extensively  n»usuiiad  i 
places  wiiere  the  side  of  liijmu'  is   jirohilnk'cL      When  wrKK.l  alcohol 
sneh  is  eonsnjoe*l,  as  it  «*flen  is,  willi  fatal  results,  it  will  be  noted 
Xhv  victhns  an:*  genendly  quite  blind  belore  dttath  approaches.     Wfi 
ilemann  '  has  rejpoiied  a  (^ise  of  wnod-alcohol  blindness  dtie  ti»  ibe  t 
liaJntion  of  tlnms  from  vnnnsh.     The  subject  was  a  tnmleratc  it*cf 
tobacco  and   stimulants,  whose  siglit   had  always   hovn   gtwid, 
working  six   days,  he  was  obliged  to  cjuit  work  on   ac<:ouiit  of  mxv 
dizziness,  and  R?vere  frontal  headache.     On  the  following  day,  he  hat! 
dimness  of  sight,  and  tla^n   became  totally  blind  for  twenty-fom 
when  his  sight  h.*g-au  to  improve.     In  an(>thcr  ejise  ri?p(»ne<l  by  1' 
and   t|Uote<l   bv  Wurdemann,  the  material  W4»rked  with  Mas  the  !<un€. 
and   total   blindness  oecurred   on  the  sixth  day.     This  histed  a  wtvk 
then  pight  inipr<>ve<l,  but  in  two  weeks  it  l>egan  again  to  fail.     lahala- 
tion  of  the  vapor  is  believtd  U\  cause  retrobulbar  neuritis,  produri 
partial  atn*phy  wi^  the  optic  nerve,  es|RK*ially  of  the  eentiul  tiber*i. 


3.   Occupations  Involving  Exposure  to  Poisonous  and 
Irritating   Dusts, 


I 


Dnst  is  r>f  x^^vy  great  importance  in   its   influence  on  health.    It* 
prmluction  is  a  prominent  feature  of  many  occujiatioDs.  in  somi* 
which   so  much   is  ciiused  as  to  l>e  of  the  highest   jwissible  impirtan 
It  may  be  divided  intrv  poisonous  and  irritating,  and   the  latter  may  I 
subdividixl  into  minend,  metallic,  vegetabli',  and  animal. 

(a)  Poisonous  Dusts. — The  most  imiwutant  of  the  {Mii^f»ooas  da 
are  arsenic  and  lesid. 

One  of  the  most  dangerous  ui  iirsenical  trades  is  the  griudiui:  of  I 
well-known  green   pigments,  Sehwle's  grectJ   (arsenite  of  copper)  i 

'  Aii>eri*\-iii  Medirim*,  rk?cefnl»er  2L  IWl,  p,  i*05» 
'  Ovliilialmii:  Hei'oiti,  December.  lt$99,  p.  o99. 
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chweiiifnrt  greeu  (ufH'tn-arsrnito  af  cMjpper).     These  and  inanv  other 
ar^eniail  t-nlMr.s  ure  usi'<l   in   |ii'intiiijLic  wall'pji|K'r^,  iTttMnnes,  and  otlier 


ile*'(»niti*»Jis,  jmd  in  the  inanniaiiurt*  nf  urtiticial  Howei 


The  hitter  is 


' 


an  e^|)tH*ially  (hm^eraiis  oeciipation,  .sinee  atter  the  knives  have  Ijei^n  eiit 
t«  the  projMT  sliajie,  tliey  are  snieartit  witli  gniu,  the  green  pigment  is 
then  dusted  on  (nnn  a  drcstgintr-hHx  and  rnmh  *A'  thf  snhstanee 
Ijeeonies  snsju-iid***!  in  flu;  air.  Mnrh  tti'  the  grtvn  glazed  pant-r  usiil 
for  covering  hc>xe^*^  is  tnaile  with  these  jiignipnts,  and  nther  jmiKTs  and 
artieles  ni'  pajxT  in  grei*n  and  other  e«jh>rs  (jjlaying  eardj^,  **t<^*.)?  'if*' 
made  with  arseni**al  pigments.  Arsi^nitr  i»l'  scKliuni  is  a  ven^  cnninnai 
mordant,  and  white  ar>rinr  is  nnu^li  nsnl  in  taxidi-rniy.  In  t'aet,  the 
IL^t  tif  pniress«>i  in  whiclj  arsenic  is  ns^sl  is  ahnost  (iulless.  Tlie  syni|>- 
toms  prndnetnl  may  be  acnt<^,  but  ordinarily  are  rhronie  in  ehameter. 
Workmen  of  this  ela^s  fivipjently  sutler  from  c*t'Zematous  si>re8  and 
iibstinate  uleers.  Tiie  symptians  of  eln^t»nir  jMiisoniiig  are  t4>o  well 
known   tti  nettl  d<'s<Ti]>tion. 

Lemi  is  intiniteiy  more  disastn Mis  in  its  efteets  upon  fiealth,  and  i.s  by 
far  tlie  njost  important  of  all  industrial  |K>isoas,  beeanse  of  the  great 
diversity  of  its  use.  Among  the  many  oeenf>ations  in  whirli  it  figures 
may  Iw  mentioned  all  the  prcK*esses  involvtil  in  obtaining  leatl  in  it« 
cotnmereially  [aire  state  from  (*res,  the  making  of  wliite  and  ri-d  lead^ 
the  gla/Jng  of  many  kinds  of  jKijiers  ;  ty|M'-founding  and  M'tting,  glass- 
cutting  and  pol i> hi ng,  til e-ent ting  ;  <*nanielling,  dyeing  and  printing, 
Working  in  weighted  silk  ;  |iluml)ing,  jKiinting,  leather  vaniisfiing ; 
making  arfifieial  Howers,  k'avc>s,  and  jewrls  ;  and  srvend  of  tlie  proe- 
e?*sc*s  ns«/d  in  the  making  of  «.'arthenware  and  eluna.  In  many  of 
ihesH^,  the  lead  gains  aeec*ss  to  tlie  system  through  inhalation,  and  in 
Bome  it  i.s  earrifnl  into  the  n^aitli  by  the  soiled!  fingers.  Tlie  hitter 
mt'thiMl  of  intnHhi(*tion  is  very  eonnnoidy  the  c»asr  with  f'omposit<jr8, 
pliimliers,  worlvrrs  in  lat't*  and  silk  weighted  with  leiid  aeetate,  and 
others. 

In  Paris  alonr,  it  is  said,  there  are  more  than  30^000  of  the  working 
classes  t'oHowiug  <'al lings  wliirh  exp<ise  th*'m  to  this  ver\'  deh-terioug 
,substanrr.  In  Knghnnh  tlie  gnnit  iinpf»rtanee  t*l*  th»^  sidijeet  of  indns- 
trial  h'ad-[>oisnning  has  led  to  exten.-^ive  investigations,  resulting  in 
stringent  k-gislation  ;  and  in  the  year  189/),  it  was  reqnire*!  that  all 
GSkse^  of  lead-p«Ms*>iiing  shouhl  l>e  repc^rtKl  to  the  anthtirities.  During 
thf  yc4ir  \Hii7y  the  nnmber  reportrtl  was  1,124,  ;um1  in  1H9H,  1,278. 
The  larg(*st  nnniln^r  of  ea.st»s  are  report i*<l  from  the  rhina  and  eartlien- 
ware  tnides.  It  ap|x»ars  to  Im'  a  tat^t,  wherever  the  matter  is  inve>i- 
tigati*d,  tliat  women  sulfer  \e^^  than  men.  Tliis  is  explainahh*  in  two 
ways  :  tirst,  tfiat  women  are  naturally  niiire  (Meanly  in  their  habit.s  ; 
ami  Beeiiud,  tliat  women  are  jnore  tikely  to  give  np  their  work  after 
the  iieenrrenee  »»f  tin;  first  sympttmis  and  before  the  atfection  Iwi^omes 
Ghroni€,  Men  ap|K'ar  to  Ir»  able  to  work  longer  without  showing 
tfNndence  i»f  injury. 

Particular  atttnitioii  has  l^em  giviii  of  late  years  in  Englamb  Fmnee, 
Ultl   el s*^ where   to   the   pottery  industry,  in  whieh   leatl   is  used   in   the 
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glasses*,  the  flux  beiii^  made  of  lithur^-,  day,  ami  flint.  Miun  -Axwii^i 
thm  ha^  Iweri  ^iveii  ti*  tlie  |H(^>ilHlity  ai  tiialing  a  glaiA*  wliirli  4)a\\\ 
h>e  free  ivmu  lead.  In  tlu'  manutartiire  nforiliTiary  white  jx>ri>'biii,  iwj 
lead  glaze  is  reqiiirtKl,  ami  the  danger  of  lead-|Kas<nuiig  ariH**  ulnn^ 
wholly  in  the  wt»rk  of  deronitiun,  the  p<»wder  which  k  diluted  m 
iAV  the  tnmsfH'  1wi|H'1\  eoritaiidii^  lead  e(»mpounids,  A<xi»niinjif  Up  j 
report  of  a  eninrnittre  of  the  master  jHitters  of  8tatJViixlshin%  it  ii^  i 
possible  to  substitute  a  leadle>s  ^laze  for  onliuary  china  aud  mr 
ware,  but  thii^  is  said  to  be  only  iiaitly  true. 

In  LimogCi^,  where  1(>,0(K)  {H'ople,  of  whom  2,500  are  children,  j 
^mploye<l  in  sixteen   ]M>ttery  establishments,  thi*  workers  an*  much  I 
subJGL^t  to  iL^atl-poisoiiing  than  thos<*  in  Staffordshire,  and  in  one  of  til 
establishments  where  the  ware  prtKhired  it?  of  the  same  kind  as  mad 
in  ytaflbnlshire,  the  ^Inze  contains  only  M  percent,  of  lead  carboiM 
against  13  to  24  in  that  used  in  Staflordshire.      It  ha8  bt*en  [Miiau 
out  that  whei'e  lead  glazes  sire  nccessar)-,  the  danger  can  Ive  ven'  nui 
diminishitb  if  the  lead  is  used  in   the  ft»rm  of  a  double  fritted  silii^tl 
In  the  Liniog(\s  factories,  the  lead  is  nseti  in  tiiis  ctiudition,  and  ti»lh 
fact,  part  ^)f  the  difl'erenee  in  the  amount  of  jwjisoning  is  pn^bahlv  dti 
In   English  jHittcries,  the  tendency  is  toward   the  aliandonment  ef  1 
old  metlMxIs  und  the  adtiption  of  tVittcil  lea<l, 

Li'tid   is,  liowever,  nr»t   the  only  rlangtr  to  health  with  which  wurl^ 
men  in  potteries  have  to  contends     In  certain   of  the  o|>enitionf),  Ud 
amounts  of  minciid  dust  are  given  off,  and   in  eonse(|Ucn(V  thcv  soff 
from  the  effe<^ts  of  not  ordy  jwasonons,  but  irritating,  dust  ;  in  foe! J 
oeenjiation  is  regardnl   W^nn  a  sanitary  standpoint  as  one  of  the 
desiralde.     Tht-  flint-grinders,  who  belong  to  thi.s  class,  ai\%  acinmiij 
to  Hirt,  tjintc  low  down  in  the  scale  of  longevity.      It  i.n  ?=aid  that 
dust  which  is  given  off  in  the  o|M'ration  of  grintling  kaolin  is  imnsajj 
irritating  to  the  lungs^ — worse,  even,  than  steel  dust.      The  most  c<H 
mon  diseases  among  jK^tters  are  bronchitis,  phthisis,  rheumatism, ; 
lcad-p>isoning. 

As  another  example  f>f  an    industry  in  which  the  workmen  mti 
largely  from  lead-poisouing  may  1h'  eiteil  that  of  file-making,  in  whle 
a^  in  |>ottcry -making,  the  operative   is  suf>jiH*te<i   to   the  action  of  eld 
both  [Musonons  an*l  irritating.      The  l>est   tiles  are  those  cut  by  hamlt 
no  inacliinery  having  yet  been  inventtHil  to  produce  so  Kjjtii^fiicton' 
artieh?  as  the  h:md-made.      While  In-ing  cut,  the   file    is   held   U|¥ni 
leaden  bed,  (*alled  the  **  stidily,''  which  offers  sufficient  re.sistnn<*e  to  T 
blow,  without  at   the  same  time  Ix'ing   so   nnyiclding  as   to  cause 
recoib     As  fast  as  it  is  cut,  it  is  ItnishtMi  off,  and   the  air  ti«x)B 
eharge<l  with   a   condjinntitm   of  steel,  It^id,  chalk,  an«J   charrotib 
granite   from   the   l>l<K*k,   or  '*  sto<'k/'    upon  which   tlie    **  stiddy  '*  i- 
secured.     The  danger  of  lead-poisnning  is  thus  always  present*  ami  il 
occurrence  is  hastened  hy  the  careless  habits  o(  the  workman,  who,  f 
handling  the  lt*aden  be*!,  ct^nstantly  wet**  the  thundj  and  forefingers 
his  left  hand  with  his  tongue.      Doubtless^  if  rn<»re  attention  werr  |« 
to  personal  hygiene,  a  smaller  proportion  would  suffer  fmni  colic 
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{Muralysis  of  the  extensor  muscles  of  the  wrist  and  thumb.  It  is  said 
tlttit  a  robust  file-c»utter  is  rarely  scvn  ;  as  a  class,  they  are  sallow, 
ancemic,  and  dull,  and  the  majority  show  the  blue  line  of  chronic  lead- 
poiiioning. 

A  more  modern  industrial  danger  is  that  involved  in  making  and 
charging  storage  Ixitteries  of  a  certain  kind.  Dr.  Talamon  ^  relates 
that,  during  a  single  year  of  hospital  service,  he  saw  .*}0  cases  of  lead- 
poisoning  among  workmen  so  engaged.  The  work  consists  largely  in 
spreading  red  lead  and  litharge  over  lead  plates  with  the  bare  hands, 
and  the  results  on  the  system  are  doubtless  due  in  greatest  part  to 
absorption  through  the  alimentary  tract,  the  lead  being  conveyed  to  the 
mouth  by  the  hands.  The  symptoms  come  on  much  more  rapidly  and 
are  much  more  acute  than  with  painters,  tyi>e-setters,  and  others.  Many 
of  the  men  fall  victims  within  three  or  four  weeks  fix)m  the  beginning 
of  their  serx^ice. 

(6)  Irritating  Dusts. — The  irritating  dusts  act  with  variable  inten- 
sity, according  to  their  nature.  It  is  genemlly  thought  that  that  of 
v^etable  origin  is  the  most  irritating  of  all ;  then,  in  order,  metallic, 
animal,  and  mineral.  The  disease  which  is  conspicuously  common 
among  dust-workers — more  common  than  among  any  other  large 
class — is  phthisis,  a  predisposition  to  which  is  fav^ored  by  constant 
irritation  by  the  dust,  assistcnl  by  poor  ventilation,  constrained  atti- 
tude, and  other  unsanitary  circumstances.  In  general,  the  first  effects 
of  an  abnormal  amount  of  dust  in  the  air  are  cough  and  increased 
secretion  of  mucus.  Then  the  cough  becomes  chronic,  and  when 
the  soil  has  been  properly  preixired,  the  spet»ific  bacillus  finds  a 
lodgement  and  soon  produces  its  results.  Many  of  the  dust-workers* 
disorders  are  traceable  not  to  a  single  kind  of  dust,  but  to  a  mixt- 
ure. Thus,  the  condition  formerly  known  as  "grinders'  asthma'* 
is  superinduced  by  a  mixture  of  metallic  jmrticles  from  the  imple- 
ment ground  and  mineral  matter  from  the  stone,  and  to  which,  if  either, 
of  the  two  kinds  the  prepondering  influence  Iwlongs,  cannot  be 
stated. 

The  relative  fr(»quency  with  which  diseases  of  the  lungs  occur  in  the 
different  class€\s  of  dust-workers  and  in  those  whose  occupation  creates 
no  unusual  amount  of  dust  was  determin^l  by  Hirt-  from  a  large  mass 
of  material,  in  which,  of  course,  the  value  of  the  primarv'  factors  can 
hardly  be  determineil ;  nor  that  of  collateral  circumstances,  such  as 
habits,  heredity,  and  locality.  But  his  facts,  which,  to  sjiy  the  least, 
are  coincidences  of  occui>ation  and  disease,  show  that  the  different 
classes  of  dust-workers  suffer  from  pneumonia  and  j)hthisis  in  varying 
degrees,  and  much  more  fre<iuently  than  tliose  not  exjwsed  to  dust,  and 
that  in  the  frequency  of  diseases  of  the  digestive  system,  on  the  other 
hand,  there  is  practically  no  difference.  In  the  following  table,  com- 
piled from  his  figures,  the  relative  frequency  of  these  diseases  per  100 
workmen  is  shown : 

'  La  M^ecine  nnxleme,  Feb.  7,  1900. 

*  Die  Krankheiten  der  Arbeitcr,  Brenlaii,  1871. 
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With   ri'^iini   ti^  the  inrtucriw  of  the  different   kimis  of  du?t 
piitioris,  one  nin.st  not   Ux^q  ^ight   of  the  fuet   that  <|n:iutity  a?^  wi'H 
ijuaHty  stioukl   l>e  ronsiilerHl,  and   tliat   Ineal  ennditions  of  vcotilatin 
have  a  very  deeided  be  firing. 

Among  the  ijecui>atHni,s  m  vvhieli  nietallic  du.st   is  given  nff  in  mi^ 
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gerons  i,s  steel -grind  in  jjf.      In    this  work,  the  danger 

with  tlie  size   of  tlie  ohjeet  gronnd  ;  tliat  is  to  s;iy.   the   snialliT 

fjhjeet,    tlie   grt^jiter   the  danger.      This  is    because    large   objeetiii 
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nnes^  as  needles, 

ground  ilrv  and  rerjuire  constraineil  attitude  and  Hose  inspection,  awl 
tlius  the  grinder  eunstantly  inhaler  the  very  fine,  sharji  pjirlieir^  of 
steel  that  are  thrown  olT  in  the  nrotx's^i.  These,  by  esonstant  irritati<»i^ 
of  tlie  niuetius  menibranes  of  tlie  air-passages,  prejmre  them  for 
n'(»eptit*n  of  tlie  s|MH'itic  organisms  of  pneumonia  and  phthisis. 
tirst,  the  eongh  is  dry,  luit  in  a  shcut  time  is  aeo>m|>tinii*d  by  expect' 
tion.  Aiming  tliose  individuals  who  have  fnllow<*d  the  work  for  a  } 
or  longer  under  the  usual  eunditious,  a  sound  man  is  rare.  ~ 
avenige  age  at  death  is  st*itetl  variously  between  twenty-fivr  iind  fii 
years.  The  danger  may  be  niurh  reduced  by  the  use  f»f  respirati 
and  \>y  the  em [iloy merit  td'  a  bhi^t  of  air  to  carry  the  dii>t  away  fi 
the  grinder  into  an  appropriate  exit. 

Not   ail   metallic  dust  is  as  irritating  as  that  ^iven  oil*  in  ciU\v 
grinding,  and  in  some  occupations  in  which  it  is  given  off*  even  m< 
abuiulantly,  there  is  no  noticeable  tendency  to  phthisis,  although,  f»erha| 
tlie  sulijeet  ha>  nnt  been  invest igatid  with  >uilieient  thonMightiess. 
the  ojK'nvtinii  of  bronzing  in  the  manufaetui-e  of  show  cards,  Hirit^t 
canls,  and   the  like,  the  bronze  |>owder,  which,  m»der  the  micnx**: 
shows  sharp  anghvs,  is  ajijilied  to  the  pattern,  printnl  in  sizing,  by  na 
of  a  soft  ]Kid  wm'kiHl  larirt'ly  by  hand.      The  dust  adheix^   ten:ici<ni! 
to  tlie  skin  and  causes  much  loc*al  irritati<m,  and  is  inhided  and  "tai 
catarrh    t)f   the   u[)f>er  air-passag<.»s.      In   addition^  the  worken«  j*" 
from  ht^adaelie,  bad  taste  in  the  mouth,  anorexia,  nausea,  vomiting,  ai 
diarrho'a,  from   absorptii»u   and   ltK*al  action   in   the   alimentar)*  can 
When  the  <»|>t^mtious  of  dusting  on  and  off  are  done  by  inaclitnenti 
<*vohttion  of  <lust  is  very  tmieb  lessene<l. 

The  fhists  of  many  of  the  iuc^taltic  suits  pHxIne-e  nioix?  or  Icsss  *cri< 
l<H»jd  effects,  aside  from  tlie  results  due  to  absorptittn  into  the  ?*y 
In    the   manufactuix^   and  use  fd'  |>f*tassinm   diehromate.  for  exanifi 
gn^at  irritati*»n  <4'  thi*   nasal   mucou^i  nN'tntirane  js  (tiuse<l,  foI1*»wid 
nh'i'nition,  \\hich  in  mt>st  instance^  ends  in  |w>rfuraitnn  uf  tin-  ^\ 
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leers  are  prtxluocd  whei^evin'  thf  skiix  is  abnidecl,  nm\  e?ijXH'ially  on  iha 
calp,  where  act  inn  is  iironiotin]  In"  the  .s*Tnt4'hiii|j^  which  the  irritation 
ills  forth,      Ni^  hnvil  etlcrts  sipjKnir  U*  Ix'  nuisi'd  in  tlic  hings. 

As  an  exaniph-  of  a  ("aUiiiji]:  in  which  miiieral  du^t  is  ^iven  oW  in 
Ibii  tula  lire,  tliat  «tf  i^hi-.s-tinndiui;  may  1k'  nRtitioniMl.  This  is  iimch 
like  cutlery -gri mi iiig,  in  a  general  way,  anJ  ttie  thist  prtnlnce*!  h  nearly, 
not  quite,  as  ;^harp  uikI  irritjiting.  In  a<lditi<Hi,  the  workmen  arc 
^ften  snbjeet  ta  leacI-poisiniinjL;,  tine  tt)  the  use  of  putty  ]xiwtler  eon- 
inin^  70  \wr  cent,  of  lead  Hxide,  It  is  as  mre  to  find  sound  nn^n 
jnon^  this  class,  as  among  iieedh^-grinders.  (rem  ]>olishers  and 
liters  liehm^^  in  tins  same  category.  Stonceiitters  and  quarrj'uien 
exposed  to  coarser  kinds  of  iiiinend  dust,  but  their  work  l)eing 
>ndnct<Hl  in  the  open  air  ar  in  ojk'U  sheils,  they  are  by  no  mmns 
prone  to  diseases  of  the  lungs.  Some  stone  is  nuieh  dustier  than 
;>thers,  iiml  hence  may  cause  more  niarke<l  effects,  Mic^i  dust  is 
tcecM^lingly  irritating*  and,  like  the  shar^i  particles  of  glass  and  steel, 
spares  indoor  wi^rkers  for  the  reception  of  the  bacillus  of  tubercu* 
►sis*  In  the  waIl-[m|M?r  industry,  it  is  ap[»licd  U)  obtain  the  effin-t 
if  **  frosting/' and  assists  (»r  is  iussistcd  in  it.s  actifm  on  the  o|x?ni- 
iives  by  another  %^ery  tine  dust  made  i*f  Unely  cliof>p(*il  or  grouml  hinibs^ 
ra(»K  which  is  applied  to  the  pattern  printed  iti  sis5e  in  ninch  the  same 
inner  a.s  ol>tains  in  bronzing  e4mls.  The  workers  are  verj'  prime  t*! 
'phthisis. 

Vegetiible  dust  is  of  very  jnany  varieties,  \vhi<'li  atfiY-t  the  system 
with  varying  degrws  of  intensity.  Ordinary  wood  dust  apj>eiirs  to  be 
^piite  innocent  of  injinnous  at^tion  on  the  lungs  of  c*arpentcrs,  whose 
f»ni[iloyment  is  very  largely  init  of  doors,  and  of  cahi net-makers,  who, 
un  the  (»ther  hand,  work  in  confnierneiit,  i  irain  thresliers,  millers,  and 
niariV  others  exposeil  ta  vegetable  ilust  present  no  great  evidence  that 
their  codlings  are  markedly  iin'micnil  to  hesdth.  Certain  others,  how- 
I'ver,  tiffer  im]Jortant  and  interesting  facts,  indicating  that,  either  alone 
f»r  as  one  of  a  grou[»  c»f  intlncners,  sonu'  tvf  the  vegctabh*  dusts  are  as 
dij^astnm^.  in  tlunr  t^ftN-ts  as  some  of  the  most  irritant  of  those  of 
metallic  nature.  Among  the  mi*st  unhealthy  classes  of  work|K'Ople 
nrc  those  engagrHl  in  cotton  and  Huen  factories.  Cotton  dust,  or  **  Hue,'* 
i.**  very  irritant  to  the  upp'r  air-]»assag<*s,  and  causes  dryness  of  the 
throat,  ft>Ilo\vtMl  hy  r^ongli  ami  ex]M'<toration.  In  some  opi-nttions,  a 
-ized  ciitton  thread  nait'iining  kaolin  is  u.s<*d,  and  then  the  air  is  laden 
at  Ml  with  tliis  very  irritating  sid*stance.  Flax  tlust,  or  **  |>oiice/*  is  even 
mi>re  irritating  tlian  eottim. 

In  the  linen  factories  of  Belfast,  which,  according  to  (}.  II,  Ferris/ 
employ  ::JO,U()(>  perH»ns,  tive-sixths  of  whom  are  VM^nen,  the  deaths 
from  phthisis  and  other  respiratory  iliscnises  have  been  shown  to  out- 
nnnilxT  those  from  all  other  diseases  by  abont  two  to  one.  Among 
the  wonn*n  below  thirty  yeais  o\'  agi\  tfie  deatb-nitc  fi^im  phthisis  is 
three  or  four  times  as  high  as  atnunir  vvr»nien  <^f  the  same  ages  engage<l 
^n  other  cmjjloyments.  In  l8fH\  tlie  phtliisis  death-rate  reached  the 
^  Jniirnril  of  Stiite  Metlicine,  Miir^hj  1895. 
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rininiums  heiglit  of  4L1   piT   10,000,  apiinst   14.6  for  the  whole  of 
Eniikirnl  !Uid  Wiilt^»  iunl  21.«j  for  ;ill  In^bincl.     A|Kirt  fnnn  the  intrin-J 
?^ic  ikm^er  uf  tiw  ut'cupatioii,  hu\vwci%  it  unipit  Ik»  n^^tinl  tliul  the  cityj 
itmAff  froTii   tlie  iiatuiv  of  the  soil  and  cliiiiate»  euuuut  be  a  heallhf 
phic^^,  but,  on  the  (*tlit^r  hand,  it  must  he  said  that  overcrowdhiiu,  wlii«^l|l 
is  so  great  a  factur  in   thr  ("jusatiim  (if    tlie  diseji8e,   i^iiinnt,  in  thii 
instance,  l*e  «'har)j:ed  with  an   untisoal  aniimiit  of  infliiencH.%  sint**  in  i 
other  eitv  iii  (in'iit    Britain   and    Ireland  are  tliei-r*  sci   nmny  h*»ti-.r«i 
]>ro|)<>rtion  to  the  |m|Hilatic*n. 

Wurkers  in  tobaeeu  are  expustnl  nt»t  alone  tn  irritating  and  [hh^-uiumi! 
dnst,  l>nt  to  fntnes  as  well.  They  are  nnicli  sidijeet  to  na>al  and  brna 
ehial  ciit^irrhs  and  dist^rth^rs  of  the  digestive  a|»|)amtU8  and  oenm 
system.  The  women  engiif^l  are  said  in  alxirt  \*er\*  cximmonly,  m 
aecNinnt  of  the  dciith  of  the  ffetns.  Many  assert  that  the  tx^ipatiun  iij 
it^^lf  in  nut  an  unhealthy  nne,  and  tliat  it  ptissesses  cvitain  advantii^'»if 
in  that  it  renders  tlie  individual  less  suseej)tiWe  t^i  iufeetive  agents 
As  evidence  of  this,  it  is  ^aid  that,  during  tlie  grejit  eholem  epideiuici 
Hamlnirg,  in  1892,  then*  were  l>nl  S  e-ases  f»f  the  th'seiise,  with  4  de 
among  the  5,000  eigarniakers  there  resident. 

Animal  dust  is  given  oif*  in  tlie  numerons  industries  in  which  wrw*!, 
silk,  featliers,  fur,  bristles,  hair,  hnrn,  lione,  sliell,  ivor\',  and  other  sith- 
stances  of  animal  origin  arc*  listed,     The^  substam^s  are  irritating  (<» 
different    extents,  as  wmdd     naturally  l>e  suppose*!   from    their  vptt 
diverse  eharactcr,  snnie,  as  wnol,  ft^atbei's,  and  silk,  rt^*ienihling  \n  actinii 
ci^ttiai  and  Hax,  and  others,  as  shrll,  bone,  and  ivory,  acting  more  lik 
the   minerat   dusts.     The  ojR'iYitives   in  wnolleu   mills,  appear,  on  tli 
whole,  to  be   rather  less  subjtn^t  to  phthisis  than  those  engaged  m  tli 
cotton   and    flax    industries.      Among   the   others   of   thi^s  chuis,  tbo 
making  brushes  anti  buttons,  esjxH-ially  |Miirl  buttons,  are  regarded 
taking  gretitcr  risks  than  the  rest.      Most  statistics  of  these  indn^tr 
are  faulty  and  inconclusive. 


4,  Occupations  Involving  Exposure  to  Infective  Matter  in 

This  ehiss  includes  those  having  to  do  with  nigs,  wmyl,  horsoliai^ 
hides,  and  other  materials  likely  in  be  iufc^cte^l.  The  Lm]K»rtarK^  i 
rags  as  a  vehicle  for  infection  has  been  much  ovorratf*d,  hut  tW* 
danger  is,  nt^vertbclcss,  a  real  rme,  a>  tlie  ex]icrit*n<'c  of  |i:iper-niak»l 
has  often  demonstrated.  The  only  nn^thod  of  iu>uring  fn*(*doni  fn^p 
infectimi  through  the  handling  of  rags  is  thorough  disinfection,  a  pnK 
(*8S  involving  an  expense,  it  is  ass<.'rted,  much  «lisproportionat4»  to  th 
results  aeliieved, 

Tlie  most  common  dismse  conut^tinl  with  infiK-ttnl  niw  material  i 
anthrax,  or  '*  wT>ol'Sorters'  diseise,**  the  spread  of  which  is  often  tw^i 
to  horsehair,  wocd,  and  hides,  Nichols*  re{>ort4^1  26  cases  of  t\m  dM 
as  occurring  in  one  curled  hair  factor\'  in  three  yejir^,      Raveiie* 

*  Sc»coTid  Aiiiiiial  Eeixtti  of  thi?  State  Boanl  of  Heallli  nf  Mft*«ichit8ettFS  ti.  t*$. 
'  lieport  and  Piiper«  of  the  Arnericiin  Public  Heallh  A^s<:>ciation,  VoL  *Zi^  p.  302, 
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collected  12  cases  (XK^urring  in  men  and  GO  in  cattle  in  three  localities 
in  Pennsylvania,  during  the  summer  and  autumn  of  1897.  All  of  the 
men  worked  in  tanneries,  and  all  of  the  cattle  were  pastured  in  mead- 
ows watered  by  streams  which  received  waste  products  from  tanyards. 
The  skins  at  fault  came  from  China. 

According  to  Dr.  S.  Leduc,^  imported  horsehair  is  the  most  danger- 
oiu>  material  brought  into  France.  The  French  market  is  supplied  by 
South  America,  whence  it  is  shipped  in  bales  compressed  by  hydraulic 
pressure.  Unjiacking  the  bales  and  sorting  the  contents  according  to 
color  are  alike  regarded  as  dangerous.  After  being  sorted,  the  hair  is 
beaten,  and  in  this  process  much  dust  is  caused.  It  is  then  carded 
and  spun  into  ropes.  The  precautions  to  be  taken  include  removal  of 
dost  by  special  blower  apparatus,  perfect  cleanliness,  and  great  watch- 
fidoess.  Disinfection  of  the  hair  without  impairing  its  commercial 
value  or  unduly  increasing  its  cost  is  said  to  be  impracticable. 

Naturally,  the  danger  of  infection  by  the  spores  of  anthrax  on  hides^ 
hair,  and  the  many  kinds  of  wools  coming  from  countries  where  the 
disease  is  common  cannot  in  any  individual  case  be  foreseen.  From 
ordinary  sheep's  wool,  the  danger  is  slight,  and  from  native  wools  is 
practically  non-existent.  When,  for  any  reason,  danger  is  appre- 
hended, workmen  with  sores,  cuts,  or  ftbrasions  on  their  hands,  arms, 
fiioes,  or  necks,  should  not  be  employed,  ventilation  should  be  thor- 
ough, and  all  precautions  should  be  taken  to  prevent  disseminatioa 
of  the  dust. 


5.  Occupations  Xnyolving  the  Inhalation  of  Offensive  Oases 

and  Vapors. 

This  class  of  occujmtions  includes  a  great  variety  of  what  are  known 
as  "offensive  trades,"  having  to  do  with  organic  matter  largely  of 
animal  origin,  such  as  tanning  and  currying,  soap-making,  glue-making,, 
fertilizer-making,  fat-rendering,  bone-boiling,  keeping  animals,  etc. 
While  there  (»n  he  no  doubt  tlmt  these  offensive  trades  are  a  frequent 
source  of  nuisance  to  the  community  at  large,  evidence  of  injurious  in- 
fluence on  the  health  of  those  actively  engaged  and  of  the  {wpulation 
in  the  immediate  vicinity  of  the  works  is  decidedly  slender.  There 
can  be  no  doubt  of  the  disadvantage  of  having  such  establishments 
located  in  the  midst  of  thickly  settled  communities,  and  hence  their 
supervision  constitutes  a  most  important  part  of  the  duty  of  public 
authorities.  The  workmen  are  likely  at  first  to  suffer  from  nausea, 
vomiting,  loss  of  appetite,  and  headache,  hut  these  evidences  of  dis- 
turbance disappear  within  a  short  time,  and  do  not  recur. 

Contrary  to  general  opinion,  these  occupations  not  only  do  not 
appear  to  shorten  life,  but  from  such  facts  as  are  presented  by  the 
mortality  statistics  of  occupations,  it  may  be  inferred  that  they  con- 
duce to  longevity,  for,  as  a  class,  their  average  age  at  death  is  quite 
>  Public  Health  Reporto,  May  25,  1900,  p.  1306. 
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hi^lu     It  i.-^  liartlly  necsstirv  to  g<i  intH  tlir  ficUiiLs  ot  ibc  priced^ 

iiivulvixl  iu  the  ditferciit  cal lings. 

G.  Occupations  Involving  Exposure  to  Extremes  of  Heat 

Exijosure  to  extreme  liexit  Ls  a  euiKHmiitaut  of  a   numl)er  <  ' 
uii^^nitary  inHiientH^s  which  afftvt  the  litiilth  of  the  wtirker  in  u  \aiKi; 
(^f  oeeupations,  wliich  iiieluJe  tliuse  of  eiigineen^,  jstokersj  t*«M)k.s,  l»iki"r>, 
miiveiv,  fijiiudrynieiij  Aveiiver»,  enipl(*yeeri   in    roHiii|^   mills,  win       i 
i^ugjir  retineries^  glass  faetories,  ami  <jthors.     The  efTW*t?s  of  gn:;r     . 
alrme  are  exhaunttoii  and  thermic  fever,  and  when  to  thcs^  are  aAW 
thosi>  of  vitiateil  air,  dust,  irritatinj^  fumes,  and  dampuc*?^,  the  ma^ 
qoeiieeK  may  be  very  grave.      Sudden   ehilling  of  the  ImhIv  ainl  prv*- 
loiiged  exposure  with  nit  intervals  of  rest  are  esjt€K*ially  tti  Iw*  pmnW 
apiinst.     The   workmen    of   this    class  are    commonly   afferuj  with 
eutarrhid   arul   rheumatic   tniubles,  diseases  of  the  kidneys,  and  *liin 
eruptions. 

7.  Occupations  Involving  Exposure  to  Dampness. 

Exposure  to  indoor  dampness  is  usually  c»idy  one  of  a  number  tif 
ih'hilitatinLC  iuHuenees,  the  effects  of  any  one  «>f  which  are  not  suf<vjh 
til>!e  of  correct  measurement.  Ofitdoor  dampness  is  proJiahly  farW- 
influential  for  evil  ;  Ijut  (*iiritiniied  iX|M(snre,  itM-xistent  witii  exlmu^tin^ 
tahoi%  is  conducive  to  rheumatism  uthI  hmnchial  trouMcss,  With  ordi- 
nary care,  liowever,  those  exjM»s(.Hl  to  vicissitudes  of  wenlher  ami  to 
wetucj^s  from  c»thcr  <^uses — ^driver»,  Iwiatmcn,  fishermen,  and  twBch 
^liggers,  for  4'xample — enjay  good  licalth  and  are,  a^  a  claims,  long  livttl 

8.    Occupations  Involving  Exposure  to  Abnormal  Atmospheric 

Pressure. 

The  principal  calling  of  this  gnaip  is  that  of  aiisson  w»>rkcr*,  vIm 
?iui!er  from  what  is  known  as  the  ^lisson  dl^cjisc,  the  jnithoh^*  of  \dji(i 
is  by  no  me^ms  clear,  A  caisson  nuiy  be*  detined  a.«  a  largi^  inverud 
wiiter-tight  box  in  which  work  is  jxTfonneci  b<»lciw  the  waterJevel  Jl^ 
iu  the  laying  of  foundations  for  the  pi(^i-s  of  Iiridges,  It  h,  in  fact,  a 
diving  bell  on  a  large  scale.  It  is  provided  at  tht*  top  with  a  sliaft  I 
ingress  and  egress,  communi«itiug  with  which  and  with  the  interi«< 
a  chamber  with  two  set**  of  dmir^?,  known  as  an  air-hx'k,  Plaetd^ 
]Hisition  and  hesivily  weighted  with  masonry,  it  sinks  into  the 
benciith.  The  air  in  its  interior  is  comprfss^^d  by  the  action  of  I 
snrn*undi ng  water,  and  t!ie  thereby  dimiuishiHl  air  sjiace  is  n^tondi 
downward  disphieemeut  of  water  th»*<uigh  the  agmiey  of  powerful 
ptuups.  The  deejxT  the  caisson  sinks,  the  gntUrr,  of  cH«in«iv  the  ( 
mos|ihcric  pressim^  withiu.  As  the  w^>rk  of  excravation  pn>gix*«?s^ 
apinir-atus  sinks  diH'|ii^r  and   di^c|RT,   being  a.-^istinl   in   itsi  doummrd 
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JDOvement  by  the  weight  of  the  superiniiwsed  masonry  ;  and  when  the 
proper  geological  formation  is  reached,  the  interior  is  filled  with  con- 
<jrete,  which  thus  forms  the  solid  foundation,  and  the  l)ox  is  left  there. 
In  entering  the  caisson,  the  workman  goes  first  into  the  air-lock  and 
doses  the  door.  The  pressure  in  this  comjmrtment  is  then  gradually 
dualized  with  that  of  the  caisson  chamber  by  means  of  an  inlet  pi{)e 
controlled  by  a  valve,  after  which  he  opens  the  inner  door  and,  enter- 
ing the  chamber,  closes  it  again.  In  emerging,  the  proc»ess  is  reversed  : 
the  pressure  in  the  air-lock  being  raised,  he  enters  and  closes  the  door ; 
by  means  of  another  valve,  the  pressure  is  lowered  gradually  to  normal, 
4ind  then  the  outer  door  Ls  opened.  The  operations  of  locking  in  and 
out  must  be  conducted  gradually.  In  locking  out,  the  rule  is  to  allow 
4it  least  one  minute  for  each  6  pounds  of  pressure  within  the  chamlx^r. 
Attention  must  be  |>aid  also  to  the  lowering  of  temperature  which 
accompanies  the  expansion  of  the  air  within  the  lock. 

The  symptoms  of  the  peculiar  disturbance  do  not,  as  a  rule,  appear 
4intil  the  pressure  equals  20  pounds,  and  some  time,  measunnl  in  min- 
utes or  even  hours,  after  emerging.  In  some  cases  in  which  cerebral 
and  spinal  symptoms  are  severe  from  the  beginning,  death  occurs  within 
a  short  time.  The  symptoms  include  hciidache,  ])ain  in  the  ears,  rapid 
pulse,  sweating,  severe  pains  in  the  legs,  back,  and  epigastrium,  and, 
later,  paralysis  of  the  motor  nerves,  generally  of  the  legs,  sometimes  of 
the  arms,  and  not  infrequently  of  the  bladder  and  rectum.  The  motor 
nerves  are  in  some  instances  involved  l)efore  the  sensory  disturbances 
appear.  The  epigastric  \mu  is  accompanied  sometimes  by  vomiting, 
more  or  less  severe  in  character.  Mild  cases  of  the  disease  last  from  a 
few  hours  to  a  week  or  longer ;  but,  whether  mild  or  severe,  complete 
recovery  is  the  rule.  Where  electric  lighting  is  not  employed,  irrita- 
tion of  the  bronchial  mucoiLs  membrane,  cough  and  exixH^toration,  due 
to  soot,  are  not  uncommon. 

The  cause  of  the  main  symptoms  lias  l)een  the  subjwt  of  consider* 
able  s|)eculation,  and  whether  it  is  an  excess  of  oxygen  in  the  tissues, 
which  seems  improbable,  or  congestion  of  the  central  nervous  system, 
or  some  other  c^mdition,  apix?iirs  t4)  Iw  inca|mble  of  elucidation.  Thf 
use  of  intoxicants  ap|x%irs  to  be  a  predisj)<)sing  influen<v ;  lu»nce, 
<lrinking-men  should  not  l)e  employed.  Thin  men  are  much  less  sus- 
ceptible than  the  stout  and  full-blocxlwl.  Work  should  never  1w  jht- 
formed  on  an  empty  stomach,  and  periods  of  absolute  rest  shouhl  be 
frequent  when  the  pressure  is  unusually  high. 

Submarine  divers  are  subjec^t  in  a  lesser  degrw  to  the  same  train  of 
symptoms. 

9.  Ocoupations  Involving  Constrained  Attitude. 

These  include  a  wide  variety  of  trades  heading  to  various  deformities, 
the  most  important  of  which  is  constriction  of  the  ch<»st.  Vitiat^'d 
air  is  a  common  coexistent  condition,  and  phthisis  is  a  frequent  cause 
of  death. 
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10.  Occapations  Involving  Overexercise  of  Parts  of  the  Body. 

The  occupations  of  this  class  bring  about  a  variety  of  deformities 
and  of  fatigue  neuroses  characterized  by  disturbance  of  the  functional 
activity  of  groups  of  muscles  trained  by  practice  in  highly  specialized 
coordinated  movements.  These  include  such  conditions  as  the  cramj* 
of  writers,  telegraphers,  pianists,  violinists,  engravers,  searast^^eiii^ 
and  others,  and  localized  paralyses  and  tremors.  The  patholog>^  of 
these  conditions  is  very  obscure ;  but  in  certain  of  the  cases,  especially 
those  in  which  the  larynx  is  overexercised,  the  element  of  hv.«tfria 
enters  to  a  considerable  extent.  These  abnormal  conditions  are  of  far 
less  hygienic  importance  than  any  that  have  been  considered,  and  are 
of  interest  chiefly  to  the  specialist 

11.  Occupations  Involving  Sedentary  Life. 

Certain  callings  are  commonly  set  down  as  f^edentary  occupations; 
but,  strictly  speaking,  this  class  is  closely  interwoven  with  several  of 
those  already  mentioned.  For  instance,  a  very  large  number  of  indoor 
occupations,  carried  on,  perhaps,  under  conditions  peculiar  to  them- 
selves, are  at  the  same  time  sedentary  in  their  nature. 

The  abnormal  conditions  brought  about  by  sedentary  life  are  those 
induced  by  a  lack  of  general  exercise  of  the  body.  This  brings  about 
a  general  sluggishness  of  the  functions,  which  is  ordinarily  most 
marked  in  those  of  the  abdominal  organs  and  heart.  The  consequences 
of  too  close  confinement  and  lack  of  exercise  are  too  well  known  to 
nt^nl  detailed  mention.  Ordinarily,  they  can  be  expressed  bv  the 
term  **  general  debility."  There  is  no  particular  reason  why  sedentary 
occupations  should  injure  health,  and  it  will  be  found  in  almost  all  in- 
stiinces  of  impaired  function  that  the  sedentary  habit  is  not  jXK?iiliar 
to  the  individual  while  at  work,  but  during  both  work  and  leisure 
hours.  The  so<lontary  worker  has  the  matter  of  prophylaxis  in  his 
own  hands,  and  should  tiike  a  reasonable  amount  of  exercise  daily, 
])rel'(  ral)ly  in  the  open  air.  It  is  common  to  include  brain-workers  in 
this  class,  and  to  attribute  to  the  scnientar}'^  side  of  their  lives  the  ef»n- 
se(juone(^s  of  overexertion  of  the  mind.  It  must  be  remembered  tluit 
activity  of  the  mind  has  no  shortening  influence  on  life ;  but  abust'  of 
the  mental  ))owers,  and  especially  mentiil  worry,  conduce  to  hesidaclio, 
insomnia,  and  general  breaking  down  of  the  nervous  system  and  nt* 
the  general  health. 


PROPHYLAXIS  IN  GENERAL. 

In  wliat  has  gone  before,  it  will  be  noticed  that  the  disastrous  effects 
attributed  to  oeeu]>ati()ns  are  in  very  large  part  due  to  non-obser\'anee 
of  the  prinei])les  of  general  hygiene,  and  chiefly  to  inattention  to  that 
most  im}>ortant  sanitary  measure,  perfect  ventilation.  It  will  have  been 
noted  that  in  Groups  1,  2,  3,  4,  5,  and  G,  the  conditions  which  bring 
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about  impairment  of  health  may  be  reduced  verj'  largely  by  a  cod- 
stant  supply  of  frenb  air.  With  proper  atteution  to  this  matter  and 
improvement  in  the  home  and  home  influences,  greater  attention  to  the 
eharacter  and  preparation  of  food,  and  a  more  general  observance  of 
the  beneficial  influence  of  active  outdoor  exercise,  no  very  great  difter- 
^ooes  would  be  noted  in  the  health  of  the  various  classes  of  work- 
people, and  the  expression  occupation  diseases  would  lose  whatever 
aignificance  it  now  lias. 

Emplo]rment  of  Women  and  Children. 

In  view  of  the  dangers  and  conditions  incident  to  a  great  variety  of 
occupations  directly  or  indirectly  inimical  to  health,  it  is  of  the  utmost 
importance  to  protect  the  health  of  women  and  children  by  restricting 
tbem  in  the  daily  number  of  hours  which  they  may  give,  and  prohibit- 
ing their  employment  in  distinctly  dangerous  surroundings,  for  women 
and  children  are  more  delicately  organized  and  less  resistant  to  weak- 
ening influences.  Particularly  should  women  be  protected  during  the 
child-bearing  age,  so  that  they  may  be  insured,  so  far  as  is  possible,  a 
healthy  progeny.  It  hardly  needs  to  be  said  that  children  should  Ik? 
protected  most  carefully  during  the  period  of  their  full  development,  in 
order  that  they  may  come  to  maturity  in  a  fit  condition  to  take  on  the 
responsibilities  of  the  family. 

Inattention  to  the  very  great  importance  of  conserving  the  health  of 
women  and  children  is  bound  sooner  or  later  to  result  in  degeneration, 
and  this  fact  has  received  the  attention  of  the  law-making  bodies  of 
all,  or  nearly  all,  civilized  countries.  In  this  country,  it  is  constitu- 
tionally a  matter  for  legislation  by  individual  States,  in  many  of  which 
not  only  is  their  physical  welfare  pn)tected,  but  the  moral  aspects  of 
trades  as  well  receive  due  attention. 

By  legal  enactment,  the  employment  of  women  in  certain  kinds  of 
work  is  prohibited  absolutely,  and  in  many  others  is  restricted  as  to 
number  of  hours  according  to  the  nature  of  the  work.  The  very  great 
value  of  most  of  the  legislation  regulating  labor  by  children  and 
women  is  too  clear  to  need  demonstration. 


CHAPTER    XIV. 


VITAI.   STATISTICS. 

The  w*ienee  of  vital  .statistic*s  nuypriK's  tb**  analysig  and  ^vuth 
oi'  iat*t^  roneeniin^  tlic  lift*-liistorv  t^f  j»tipuhitii>n>.  It  pfilrits  ikU  wli 
and  to  what  t^xtent  diseai^e  and  death  are  on  tlie  increase,  and  ^ag^ti^^ 
llxTeiore,  the  iiuiujnrunition  of  combative  Siinitarv  effort,  tlie  effiritncv 
of  which  it  ciiahle>  us  to  tiieasiire.  It  furiiisheii  tile  basis  for  the  >1i«1t 
f»f  all  t!ir  various  sueial  probleiii.s  wbioh  affect  in  encase  and  duuitviltjno 
io  in(tai>er>* 

It  is  axioniatie  tliat  the  facts*  employe<l  miu^t  he  minjen>usi  aunl 
aeeunitely  stated  and  ela>siiied,  in  order  that  the  infimiiation  ^in- '"^ 
therefrom  i^hall  be  trustw*irthy  Mud  of  vahie.  The^e  fact.-^  ei  i 
tliMse  wh*eli  are  yieldnl  by  the  reiisiis^  as  inimber?*,  a^re,  -^x,  cN4<»r,  tiL^ 
en  J  kilt  ion,  uiul  eonju^al  relation.*,  and  thosi'  reported  to  and  rctxntktlhv 
local  and  eentnil  autlvorities  <x>neerning  infectious  disetis4^  nanrriagtis 
births,  and  deaths. 

Til'-  stndy  oj*  these  fuets  and  their  corr(x*t   inlerpivtation  an*  hy  m 
nicaiis  sirnj*le.      In  census  years,  it  is  not  difticnlt  to  ol>tain  pnii 
iircurate   infi^rniation  of  the  size  of  the  |K>pulatioii,  and  the  niiu 
birtlis,  marriages,  and  deaths,  and  at  all  times  to  know  the  d<^n?t?  "f 
prevalence  (»f  n<»tifiid>le  disefise  ;  but  tlie  intelligent   interpretation  t»f 
tfiese  fiiets   is  often,  if  not  nsnally,  a  rmist  cum] ilex  proldrm.      hi  tJi© 
ha  mis  uf  th<^»se  who  nnderstautl  the  fallacies,  the  nnmenm?^  sources  < 
error,  the  cornH^tions  to  l>e  a]iplieil,  imd  the  coni[janiti\*e  value*!*,  fe-tati 
tie?*  can   be  made  to  yield  kii(wk»<i^^  of  iinraeiisc*  value  to  sanili 
vieienee :  bnt  in   the  hands  of  tlie  uriskilhHl  t*r  nn sen ipnh>ns,  thev  ni«^ 
Ik*  more  ja-odm-tive  of  harm   thiin  absulnte  ignonince,  fr»r  it   is  lrtt<*r 
not   to  knrnv  at  all   than   to  1m*  mii^informed* 

It  is  \^*c)l  known  that  it  is  c*ften  possible  appirently  op  prove  11 
dii-^^l  opposites  wit!i  the  same  statistic,  the  fallacies  lieing  unobe^nl 
ind  to  til  is  fact  is  dne  tlie  low  est  in  in  te  in  which  rdl  statisticid  stud 
are  hekl  by  tl»ose  incap:d>lc  of  distinirinslnng  the  false  from  tlie  tr 
Statistics  may  lie  made  to  lie  while  they  apjiear  to  tell  the  tnitli,  i 
they  have  been  raist^l  to  j^uperlative  rank,  therefore,  atuong  falsifl 
•»f  all   decrees. 

A^  lijis  been  said»  the  interpretation  of  statistics  is  no  simple  niati 
It  retpiires,  in  fiict,  a  mind  not  only  natnnilly  h>gieal,  but  tniiuedj 
dniwing  scientific  inferences,  in  the  recognition  antl  avoidance  «>f  i 
inflncnee  of  fallncy,  and  in  the  eorrt»ct  t^^timation  of  the  vulur  of  rli 
ferent  tiictors  and  distnrfjing   infinenees.      But  even  with   j*evend  S'uch 
minds  working  on  the  i<ame  mass  of  material,  decided  di£Ferenees  may 
6ie 


R>unil  in  their  resjx^ctive  etMU'liisic^ns,  some  appirently  small  fiwt 
being  OYtTliNiki"*!  liy  one  or  hriu^  crtMiiti'd  with  limine  importamr  by 
KnnthtT.  TiieTOfort',  in  {nil)lishiiitr  I'arts  uikI  inferoncef^,  it  is  well  to 
give  at;  nmvh  as  possible  <»f  tictuils,  antl  to  Ijring  out  eleiirly  the  tlirejid 
of  tbe  rCiisoniiig  lemling  tv»  the  final  efiiiehisionsj  lV»r  then,  *itlier  aiial- 
yst«  may,  by  jMKntiiig  ont  debatitbie  issues,  assist  in  dcxhieing  tlie 
ahsi4nte  trntli. 

The  Census. — The  very  ibundatioii  of  vital  statistics  is  a  kntiwletlge 
of  the  sizt*  of  tile  |KHHilation  and  i^f  the  ages  f»f  the  units  (»f  whieh  it  is 
oompM>s€Hi,  In  eeusns  years  diis  may  l>e  regardi'd  as  snb>taHtiidly  ac- 
curate ;  but  in  the  hitervening  yrars  it  is  uwessary  to  make  est i matins 
bast-d  on  {Mst  and  present  indie^itions,  whieh  may  lead  lo  wide  varia- 
tions from  the  truth,  not  susee|>til)le  c»f  correetion  until  the  next 
enuniemttou.  The  eeusus  is  t;iken  in  all  eivilized  eon n tries  at  stated 
intervals,  usually  of  live  or  ten  years,  lu  Fnuiee  ami  in  (rerruany,  it 
is  taken  every  live  yeurs  ;  in  this  country  and  in  (ireat  Britain,  ever)' 
ten  years,  lu  t!iis  country,  mauy  of  the  indiviilual  States  have  an  tn- 
de{:>endent  euunienitiou  in  the  uiiddh"  of  the  intereensid  f^ericKl,  so  that 
the  csensus  is  virtually  c|uin(|nenniaL  The  eerisus  gives  the  p<i|mlatit>u 
of  each  c^>mnuiuity,  and  alsi)  important  facts  as  U*  age  distributicju^  sex 
distribution,  race,  oceu  fiat  ions,  and  civil  state. 

From  the  very  nature?  (^f  the  wnrk,  deeding  in  a  very  short  time  with 
vast  Duud»ers  of  individual  sources  of  intormatiou,  no  census  ean  be 
absolutely  accurate,  but  under  presi-nt  nu'thods  the  results  obtuiut^l 
may  t>t*  regartUHl  as  lx*ing  us  nejirly  awnrate  as  possil*k\  It  is  prr*h- 
able  that,  in  a  hirge  degrfH-,  the  errors  couuterlmlance  one  another,  Imt 
how*  far,  am  hu  only  a  matter  i4^  conjeetm^^* 

The  sources  of  error  in  eeusus-ta king  are  int*^ntional  frauds  and  neg- 
lig^'nce  ou  the  part  of  the  eunmerators,  igin»ninee  and  wiltul  misstate- 
ment on  the  pjirt  of  tlnise  iuternigattnl,  absence  of  residents  when  ealknl 
uiK)n,  and  ineUision  of  transient  visitors.  In  18[)0,  it  is  well  known, 
in  certain  cities  gross  frauds  weiv  praetise'd  in  **  padding"  the  returns 
IK*  as  to  increase  the  fe^'s  due  the  individual  tnuuuerators  i'oueerned.  In 
one  case,  a  hot*?l  register,  runuing  hack  si'veu  velars,  is  known  ta  have 
served  as  an  aid  in  the  manufacture  of  population  retunieiL  During 
the  same  census,  many  eoui plaints  w^ere  made  tliat  whole  stri>pts  and 
districts  were  omittiHl,  the*  inference  lieing  that  the  ennnienitors  either 
did  not  regard  the  work  as  sufficiently  remunerative,  or  made  u|i  their 
n*ports  regiirdless  of  the  tacts,  and  witliiUit  the  disagrc^ihle  necessity 
of  gt>ing  frouj  house  to  liousc  for  inforniati*u»  only  slowly  obtainetb 

Ignorance  on  the  jKirt  of  the  |M^rsrm  <|uesti4»n*Hl  is  doulitlcss  a  more 
fniilfui  source  of  eiTftr  than  intentir)nal  misstatement.  Many  f>erson8 
do  not  know  their  age,  antl  give,  therefore,  only  a  guess,  whieli  is  most 
commonly  expressed  in  muUiples  of  five  and  ttui,  more  espet^ially  the 
latter.  This  tendency  apjwars,  in  general,  only  after  t!ie  twenty-lifth 
vesir,  and  is  sluvwn  graphically  by  mi:ans  nf  tlic  aceomjiauying  diagmm 
(Fig.  lOK)  by  Mr,  IL  IL  Hooker,  taken  from  Xewsholme's  Vital  Stu- 
tisticB*     Again,  many  data  c<jncerni ug  the  occupants  of  a  bouse  are 


688 


VITAL  STATISTICS. 


given  by  persons  not  qualified  to  know  ;  thus,  the  returns  for  a  whole 
family  may  be  based  upon  the  statement  of  a  servant  not  long  in  tlie 
place. 

Intentional  misstatement  is  most  conmion  with  regard  to  age  and 
occupation,  many  wishing  to  appear  younger,  others  older,  than  tbejr 
really  are,  and  many  being  reluctant  to  state  correctly  the  occupations 
of  themselves  and  of  members  of  their  households,  preferring,  perhaps^ 
to  record  others  more  "  genteel ''  or  important.  Other  wilful  misstate- 
ments are  due  very  commonly  to  that  over-development  of  the  see* 
of  humor  that  disposes  its  unfortunate  possessor  to  regard  extravagant 
lying  as  the  acme  of  wit. 

The  intentional  misstatement  of  age  is  more  commonly  a  fault  of 
women  than  of  men.     Women  are  prone  to  understate  their  age  after 
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Number  of  persons  In  Tasmania  living  at  each  year  of  age,  according  to  the  c«D»us!!>chedulf 
showing  the  tendency  to  cluster  at  round  decennial  periodic. 

passing  twenty-five;  with  men,  the  tendency  is  to  add  rather  than 
subtract.  After  twenty-five,  many  women  become  sensitive,  and  give 
their  ages  as  under  that  age,  and  do  not  progress  for  several  years. 
This  is  shown  statistically  by  the  British  census  returns,  from  which  it 
appeitrs  that  the  girls  of  10  to  15  years  of  one  census,  who  bea»me 
women  of  20  to  25  wars  of  the  next  census,  reach  these  latter  age 
pericnls  without  suffering  any  loss  in  number  through  death  and  emi- 
gration ;  hut,  on  the  contrary,  with  an  augmentation,  while  the  women 
of  20  to  25  years,  who  l)ecome  30  to  85  years  old  at  the  next  censns, 
show  a  very  ^reat  diminution  in  number. 

Thus,  as  sliown  by  Dr,  Farr,  the  Registrar-General,  in  1841,  the 
number  of  o;irls  of  10  to  15  years  was  1,003,119,  and  in  1851,  the 
number  of  women  of  20  to  25  years  was  1,030,456,  or  27,337  moiv» 
while  the  women  of  20  to  25  years  in  1841  numbered  973,696  and 
yieldt^l  in  1851  only  768,711— a  loss  of  204,985.    It  is  incOTceivabIc 


at  the  losses  among  tlio  younger  gn>up,  due  to  fleath  and  emigration, 
^iiould  have  been  more  than  ut!">et  by  iniiiugnititiii  to  the  extent  of 
27,3*37,  and  thiit  the  same  iiitluemH'  should  have  failed  to  the  extent 
of  204,9Hr)  to  do  the  same  thing  lor  thost*  uf  the  hiter  age  periods. 
This  diserrpaney  is  said  to  he  eiipaljh^  of  denionstration  by  com[wiri- 
fwm  of  the  returns  of  any  two  eouseentive  sylisecjueiit  enumerations. 
Cliildren's  ages  are  very  eommonly  overstatiHl  in  the  t^rliest  years  ; 
then,  as  the  limit  of  age  for  frix?  transportation  in  pnbli<'  eonveyane*>i  is 
|Kisj^,  they  are  understate<l  as  long  as  [Possible,  Finally,  when  the 
s^tatutitry  minimum  (>f  age  is  the  only  l>ar  to  the  utilization  of  children 
in  the  various  tradesj  the  years  hehl  Ijat-k  are  restoit?il  with  some 
adtlitiong. 

Estimated  Population. — In  intereensal  years,  it  is  net?essary  to 
estimate  as  nmrly  as  possible  the  growth  or  deeline  of  a  population, 
makiitg  use  of  snt^h  tltetors  as  ean  be  (*btained  !iy  eoniparison  of  the 
two  preealing  rnurneratinns  and  from  rrther  observeil  inrtnenees.  This 
id  done  very  eiaiinninly  l>y  dividing  the  ditferenee  between  the  figures 
of  the  two  by  the  number  of  years  of  the  intt^rvul,  thus  obtaining  the 
yearly  inea^ase  or  diminution,  and  retluring  it  to  a  |>ereentage  whieh  is 
ai^**unied  to  \w  tho  rule  obtaining  uiitil  the  next  eensns.  This,  of 
course,  is  merely  a  guess  whirh  may  be  iH*ar  or  very  wide  of  the 
tnith,  since  very  many  influences  may  be  in  oj>cnition  to  bring  about 
<'<»nilitions  aetnally  veiy  ditfrrent.  But  one  must  work  with  the  lK\st 
<hita  available  anil  t'limlnate  as  runcb  of  error  as  possible;  henee  the 
ratio  of  inrMvase  or  iliminution  is  assumed  to  htOd  until  the  next 
<3ensus^  and  in  tlir  meantime  errors  must  be  diminisheil  as  much  as 
pissible. 

One  of  the  Hrst  errors  into  whirh  one  falls  is  in  assuming  a  fixed 
ratio,  baM^i  upon  the  abtive-mentioneil  metliod  of  ea  leu  hit  ion.  Let  it 
l»e  assiime^l,  for  example,  that  the  annual  inerease  in  the  population  of 
a  city  of  100,000  inhabitants^  determine*]  by  a  eonqiiarison  of  the  two 
preeetling  emmierati<n*s,  is  2  |kt  CN.'ut.  ;  if  we  rwkon  that  in  5  years* 
time  tiu'  ]Kipulatioii  will  have  iitrreast^l  5  times  2  per  eent.^  that  is  to 
sa\\  from  llK>/)rH)  to  110,000,  we  fall  at  ouce  into  error,  for  the 
increase  priK-eeils  not  l)y  sim|)le  Imt  by  etHuponnd  intert»st,  sinee  in 
re**kfming  by  sini]ile  interest  no  allowance  is  made  for  the  angmentatioa 
of  iiapital,  so  tn  spuik,  dne  t<»  the  annual  iniTease  in  the  numl>er  of 
pirrsons  arriving  at  the  nubile  period. 

The  methtKl  generally  adojitiHl  in,  therefore,  baseil  on  the  assumption 
that  fKipidation  increases  in  geometrieal  mtlier  tlian  arithmetieal  pro- 
g^re^ion,  and  the  fornuda  ernplove<l  is  P' ^  i^l -J-  r)%  in  whieh  P' 
repre>ients  the  estimatnl  po[>idatirtii,  P  tlie  population  aeeonling  Xt*  tlie 
last  census,  r  the  annual  rate  of  increase  |K*r  unit  of  popidatton,  ascer- 
tained by  eomjKirison  of  two  successive  enumenttions,  and  n  the 
numVjer  of  the  ititereensal  year  in  question.  On  the  basis  of  a  2  per 
cent,  annual  inertias*',  thi'  (Kjpulatiim  at  tlie  end  of  the  firnt  yejir  would 
be  102,000;  at  the  end  ai'  the  M^nmtl.  it  wnuM  be  102,(UmV  plus  2  per 
mt,  or  104,040  ;  at  the  eml  r»f  the  third,  100,121  ;  at  the  end  of  the 
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fiiiirtii  108/243  ;  ami  at  tiie  i^nd  nf  tlie  tiftli,  110,408,  or  an  idcthh?© 
rif  4nK  over  the  origiual  e.sti^ulti^ 

As  an  illii>tnition  of  thv  uiaiiiier  of  ap] living  this  toriuub  i 
estiinatiou  oi'  tlit*  jxtpulation  at  the  expir!*ti<m  *>('  the  fifth  itittr 
year,  in  this  instamn-  nt"  in*  original  |H>piilation  i»f  100,000  iticmi^Q|^ 
at  the  rat^  of  2   per  (^eut,,  the  It »! lowing  mav  ^erve  :     The  forniuk 
is  F'=  10U,(HH)   .    (1  -f  0.02yV;  (1  -f  0.02)-*=  K 10408.     Umm  . 
1J040H    --  1 1<),40S  =  P'  iLs  triveii  above.      :Mn<4i  time  i.^  ?«iv*tl  in  thp 
wilciilatiiin  by  rwonrse  to  logarithms.     For  a  proper  t^timatioii  of  the 
[Kipiilatioii  at  any  jmrticular  i>eriod  in  the  year  on  this  basis,  due  allow- 
aiiee  i-houltl  1k»  niadt^  for  the  fnu'tioii  of  the  nneouipleted  year, 

Pojiulation  \>  soiDetinn's  e.sthiiateil  \}\  using  as  a  factor  the  jiv#*nige 
number  of  persons  |>er  habitatiim  aearnhng  to  the  preceding  ceDs«i> 
returns,  and  ruull:i[>lying  this  by  the  numl>er  of  houses  found  tii  U> 
oetiiipied  at  the  time.  Sometimes,  also,  the  numl>er  of  regii5terc«d  voti'iv 
IS  used  as  a  basis  of  eid(  idation*  atid  again  the  biilh-nUe,  and 
the  nnndier  of  ehildrer)  in  attendaune  at  the  several  si?h(X>li«,  i 
niethmls,  however,  are  very  faulty,  and  often  even  quite*  valueless* 

Wliatever  tlje  njetliml  adoptetl,  and  notwithstanding  the  c^ileiilatimi* 
of  the  amount  of  inHuenee  exertwl  by  emigration,  immigratiou,  unu'tul 
prevalenee  of  or  freedt^m  from  infective  diseases  ami  other  t 
estinmtion  of  populatifm  is  very  frt*f|nently  %vide  of  the  tnjth.  \^ 
recent  years,  for  example,  the  most  csirefid  ei^tiniate  uT  the  popaktuui 
of  lyondon  by  the  Hegistnir-Cfeneral  was  found  by  the  census  retimi^ 
to  be  no  less  thiui  a  <piarter  of  a  million  in  excess  of  the  truth.  ^VrT^l 
errors  in  estimation  come  nwcssiirily  en*ors  in  all  the  ratir«*i  of  ' 
marriages,  ami  deaths,  ami  tljcse  must,  thereibre,  underg**  ti^t-nH  > 
the  proper  time. 

Increase  of  Population. — The  gntwth  in  ]Hipnlation  due  to  ix 
of  liirths  over  tleuths  is  known  as  tht*  naiural  iuf*na,Mt\  That  wlnVli 
due  to  excess  of  births  plus  immigmtion  over  deaths  )>lus  emigratiiin, 
is  kntiwn  as  the  ariuui  iftnrftxr.  Fluctuations  in  natnnd  increase  are 
causnl  by  changes  in  mortality- and  birth-nite-;: ;  thus,  a  dix^line  imiy 
1k' ^Ine  to  a  diannntion  in  the  number  fd'  Irirths.  or  to  an  iucrrtis«' in 
r!ie  number  of  deaths,  or,  more  marktNlly,  to  botlu  FKietuatioiis  io 
actual  increase  an*  eausetl  by  the  same  influences  plus  tliose  c»f  imnii- 
gratiou  and  emigration.  Growth  may,  therefore,  ]>e  slow  or  fast, 
stea<ly  or  varitnt  ami  s]iasmfHlic,  according  to  ever^piSv^^ible  ehaoj 
conditions,  governed  largely  by  etmimemal  pn»sp«*rity  or  dcprosii 
I>e(*liue  ill  po]iulation  niay  W-  due  to  excess  of  deaths  ovrr  birfhsj 
is  commonly  the  consetjiicnce  of  emigration. 

Population  Constitution.^ — What  is  known  iis  the  ccms^mnt 
a  population  shi>ws  the  relative  proportions  <^f  males  and  females  and 
of  |>ersons  of  differt^nt  age  periods,    Tlicse  facts  are  obtaineil  otJy  fi 
the  census  retume,  ami  are  commonly  accepted  as  holding  goud 
the  next  census  gives  different  figures.      In  cities   and  large  Ur 
the  proportion  of  females  is  generally  considerably  higher  than 
of  males ;  while  in  a>untry  districtj*  the  reverse  is  true  or  the  ex^ 
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flight.  This  is  oxplaiiuil  in  srvHiil  wuys  :  In  tho  first  plat-e,  wrimci* 
an\  in  ^i-neraf^  Ioojl^i  r  livi'<i  than  nvi'ii  ;  in  tlve  seennil,  men  ar«^  nwre 
pmni'  thiin  wonioii  tii  retnnij  whni  advaiicTd  in  yraiv,  tu  country  ilis- 
iriets  fnmi  wiiirli  they  t»ri^inaily  sprang  ;  ami  agsiin,  under  iIk'  c*<ui- 
*lkif»n.s  obtaiiiing  in  crowtltHl  com  muni  tics,  men  wear  imt  more  rapidly 
tliiin  women.  In  tlie  [jopntation  at  Iarjri%  niah's  ;irc  more  rnnneronH 
than    tenialo. 

Atje  flistrihntion  has  a  very  im|>ortant  hearing  on  the  ck^atli-rafce, 
hiuee,  jUH  i^  well  known,  tlm  highest  death-rates,  so  tkr  as  age  i.s  eon- 
CHTmxl,  (KX'ur  always  in  tlie  itirlier  age  {nniods.  Therefore,  the  pivpon- 
d*r;H)i"e  t*{  individnals  of  t^uv  and  an<>ther  age  jierifwl  has  a  very  great 
Mitlurnee  in  denicmstniting  apjmrent  dilierenees  in  sihd>rity  ol'ditrerent 
loesilities,  when  the  aetiiat  sanitary  e^niditifnis  are  identietd.  With  sneh 
iigret»metjt  in  sanitary  eondifinns,  a  eommmiity  wliieli  ineludes  a  mueh 
larger  |iro|mrtion  of  yonng  elnldn^i  will  show  a  lai'ger  4leath-mte  and 
II  snialler  iTiarriag(*-rate  lliaa  another  in  wiiieh  the  population  is  madt^ 
up  Tiiori'  largely  of  yjaing  adults.  In  eon>etpirnet%  it  is  ueeessary,  in 
instituting  (u^mjMirisons  between  two  loealities,  t*)  take  into  aeeDtnit  (and 
make  eorreetions  thtTefor)  the  dilferentMi^s  in  age  distribution,  and  to 
re<hiee  the  re^jKH^tive  iiopulations  to  a  i^onunou  ^tarnlard. 

Registrars'  Returns.— Ret  urns  (*oneertiing  turtlj.s,  marriages,  deat  I  is 
and  eauses  thereof,  and  ea>e>  «d"  infin-tive  di^^e^ises,  are  made  to  local 
authorities,  sueh  as  lM>anis  of  hetdlh,  and  eity  or  town  clerks  or  regia- 
trsirs.  In  eonjuneti^ai  with  census  returns  or  estimates  of  populaticm, 
they  reveal  the  sanitary  and  M^eiiplogieal  eomtitit>ns  obtaiuijig  from 
Wii*k  to  we(*k,  montli  to  uuMitli,  and  year  to  \eiu\  in  any  eiimmunity 
in  which  they  are  made*  Through  them  we  are  enablcil  to  wateli  the 
death-nite  fn >ni  all  cause's  and  fn>m  any  one  cause,  the  amount  of  pre- 
ventable (lisiuse,  the  probalili*  tlu*"tuatif»ns  iu  |iopulatinn>^»  and  v^ther 
tiicts  oi'  interest  <'nneerning  i-^irumuiuties  and  grtuijjs  thtTcoll  They 
convey  information  as  to  sanitar\^  conditions,  anrl  suggest  wherein 
improvemetit  in  various  din:*ctions  is  jKissibh*. 

The  intlividiial  facts  nnist,  of  c»)iirse,  be  a(H*nt*;itely  f>bservM|  and 
stated.  This  is  partieuhirly  true  of  causes  of  death  and  di>tribnti*»n 
of  iufii'tive  diseases.  Tlie  imjHirtarjce  of  |in»|HT  gron|iings  is  well 
shown  by  th{'  worthlessnes.s  r»f  the  lax  returns  not  infnM|Uently 
observed,  Ft*r  ex  am  pic,  tt  Is  not  unusual,  esp'cially  in  the  ohlcr 
!abl<-i,  to  iiml  ^*  dro^isy  "  standing  side  liy  sidi*  with  **  hwirt  ilisi^ase/' 
**  kidney  tliM^use/'  Brighrs  dis«*sise,   atid   r>tlur  general  rtr  vague  terniH, 

Thf*  value  of  the  aggregate  facts  depeiifls  very  largely  ui»ou  the 
length  of  time  cluriiig  which  they  have  In^en  gathernl,  since  only  with 
the  la|ise  i>f  time  imiu  eoiiiparis4ins  he  instituted  and  the  itiflnenee  of 
ti-m|Mirarv  e«UKlitions  eHniinattil  or  miuimi/ed.  Tiny  must  be  suffi- 
cii'Utly  numerous  to  vield  <"orrL*ct  averages,  i\t\^  th**  lai'ger  the  number 
of  iat*t>.,  the  smaller  the  Hnctnations  eausnl  by  indivitlual  units;  and, 
conversely,  the  smaller  the  nunil»er,  the*  greater  the  infiueuee  of  single 
units,  and  the  greater  the  ehantr  c»f  error  ;  or,  more  detinitely  statt*fl, 
aiH'uraey  inere^asiett  as  the  st|imre  nuA  of  the  nund>er  of  unit«,     Tluis^ 
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400  tiDits  will  yiM  hut  half  the  errnr  oi*  100,  and  1*00  will  yield  btit 
a  third.  In  no  way,  f>erha|is,  i*an  the  great  iiiHuenceol*  individual  com* 
jjonriits  of  a  small  a^trrefr^itt*  and  the  small   influenre  of  the  unit  when  i 


tl 


th; 


l>v  the' 


aggr^|j:ate  prugrc*ssivt;ly  njcTea>^^^N  be  Ijetter  iluistnittHi 
daily  Huetiiations  in  the  e<jni|}arative  stiinding  of  a  nninber  of  athletic 
i^r^iTii/jitions,  such  as  ball  clubs  and  howlitij^  cliihs,  in  tHmi|)etition 
aiu*uTg  themselves  for  a  prize  or  cfiarii|)i<>nslii|K  In  the  Ix^ginuin^, 
*?iugle  events  may  eanse  entire  rearniageujenl,  and  tlie  tincTuations  are 
wide  and  the  curA'e.s  most  irregidar ;  then,  as  the  nnmlH^r  of  i»vent^ 
increases  J  tlie  fluctuations  arc  less  abrupt  and  the  elianges  in  the  curves 
are  gradnaL 

In  order  that  stiitistic^  may  b*-  useful,  th€*y  must  athnit  of  c«mi{iari- 
tion  with  similar  figures  obtained  in  other  ytiirs  and  also  at  other  plact?*. 
But  eorreet  deductions  can  Ix'  drawn  only  when  the  conditions  an^  iit 
least  apparently  the  s«unc  or  when  tbet*e  is  but  one  ess<'ntial  ditlerenre- 
Ojic  may  not,  f(jr  examph\  eonqiare  tlic  death-rnte  of  Now  York  for 
the  winter  of  181)8  with  that  nf  Detroit  d^r  the  sunuuer  of  1H75,  and 
ex|jivt  to  obtain  then^by  intbrmatitai  tvf  value*  In  onler  to  measure 
the  full  intlneuee  ot'  auy  oiu*  imjunlant  condition,  the  <>tlier  conditions 
nrust  be  in  agreement,  or  it  must  be  jMissible  to  make  correct  allowance 
fiYt  any  tlegrec  of  divergence. 

Agtiin  one  must  ntit  ignore  tlie  et^ict  of  tempomry  l^n-al  eondition?, 
HUch,  for  example,  us  au  aeeideut  iu  a  stuall  c< immunity  wberrby  u 
number  of  jM^rsons  are  kille<l  at  once  and  othei*s  tlie  later  from  tlie 
eifa^ts  of  their  injnrio.  The  death-rate  of  that  town  for  that  y«ir 
would  be  abnonuiilly  higli,  and  the  siinitnry  e«mdiOtiu  of  the  place 
might  l>e  made  by  figures  to  ai>[*ear  nnich  inferi(»r  to  that  of  an  ailjoin- 
ing  one  where  Hickne8.s  and  death  from  juv^entable  diseases  are  much 
higher  all  the  time. 

MarriBge- rates. — 8tati^tic^  as  to  marriage  vary  c<jnsidend»ly  from 
yeiir  to  year,  actimling  to  various  cirrumstauees,  and  esiR-cially  with 
changing  cr*nditions  iu  the  pro?^|M*nty  (d*  the  general  iiopiilation.  Tbi» 
rate  h  commonly  grt*ater  in  cities  and  towns  than  in  eonntrs-  diMrictt*, 
not  thai  countrv-briNl  people  aiv  k*ss  incliiuHl  to  marry,  but  liecjiusaj 
large  nnnilH-rs  ol'  them  are  attnit^ttnl  to  popnhius  centers  after  arriving 
at  the  wage-earning  age,  and  tlu*rc  they  marry* 

The  marriage '-nite  is  usually  expressetl  as  ki  many  |kt  1,000  of  |)oj>- 
ulatifin  ;  but  this  is  commoidy  o])en  t«i  objeetion,  in  that  it  may  convey 
false  im]>ressious  eoncvrning  inclination  i>r  disinclination  to  assume  tlicJ 
new  responsibilities,  and  alsi^  cDneerning  Ojc  dNimmunal  pros|K*rity. 
Here,  the  imjM>rtanee  of  the  jwpulatiou  constitution  as  to  age  [K»ri«*dt» 
and  sex  is  very  clctu%  for  in  a  community  made  up  largely  i>f  old  pr- 
8ons,  young  children,  and  doniestie  servants  frrmi  without,  llie  ntnnlier 
iif  marringes  occurring  among  the  marriageabh'  elcnn*nt  might  be  v*'rf| 
e<insidcnible,  and  yet  the  rate  ]x^r  l,ttOfl  of  papulation  would  Ik*  low*. 
Thert^fore,  a  more  instructive  method  of  expi*ession  would  be  a  stsitt*- 
merit  of  the  mte  obtaining  among  those  of  niarriagealde  agi*.  Again 
the  number  [ler  l,iH)0  of  |Mipulutioii  tloe^s  not  admit  of  pni|>er  comj«ui* 
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son  of  diiTerent  communities  in  this  {xirticular,  unless  their  population 
€X>ii8titution  is  substantially  the  same. 

Fluctuations  in  marriage-rates  are  due  to  other  causes  than  commer- 
cial prosperity  and  depression.  It  has  been  observed,  for  example,  that 
m  oondition  of  war  diminishes  the  rate  by  withdrawing  from  the  mar- 
riageable ranks  of  Wiige-eamers  large  numbers  of  able-bodied  active 
men.  With  return  of  peace  and  its  attendant  release  of  the  troops  to 
civil  life,  the  rate  is  augmented.  Thus,  during  1870,  when  France  and 
Germany  were  at  war,  the  marriage-rates  sank  respectively  to  12.1  and 
14.8;  two  years  later  (1872)  they  advanced  to  19.5  and  20.7.  Age 
constitution,  too,  has  necessarily  an  important  influence  in  causing* 
fluctuations.  Thus,  in  a  community  largely  made  up  of  youths  and 
maidens,  the  time  comes  when  an  unusual  amount  of  marriageable 
material  becomes  available,  and  the  rate  at  once  advances. 

A  period  of  unusual  increase  in  the  rate,  from  whatever  cause,  is 
commonly  followe<l  by  a  corresponding  decline,  just  as  business  pros- 
perity and  depression  are  marked  by  regular  waves ;  but  the  general 
trend  is  unmistakably  toward  a  diminution.  For  nearly  thirty  years, 
a  very  gradual  detrline  has  obtained  in  nearly  all  highly  civilized  coun- 
tries. 

That  more  women  marry  than  men,  sounds  paradoxical,  but  it  is, 
nevertheless,  true ;  for  men  are  more  prone  than  women  to  second  and 
third  marriages,  and  statistics  show  that  the  tendency  of  widowers  to 
marry  spinsters  is  much  more  marked  than  that  of  bachelors  to  marry 
widows. 

The  age  at  which  marriage  occurs  has  a  very  important  bearing  on 
the  natural  increase  of  population,  since  whether  a  woman  marries  early 
or  late  in  the  child-bearing  period,  determines,  other  conditions  being 
the  same,  the  extent  of  fruitfulness  and,  more  pjirticularly,  the  interval 
between  successive  genemtions.  Statistics  indicate  that,  among  the 
native-born  of  this  country,  pjirticularly  in  thos<»  parts  longest  settled, 
and  in  Great  Britiiin  and  other  countri(»s  in  which  the  highest  degree 
of  civilization  has  been  reached,  the  average  age  at  marriage  is  steadily 
increasing.  This  has  been  attributed  to  an  intelligent  selfishness, 
tending  to  defer  the  assumption  of  resj>onsibility  for  the  maintenance 
of  others,  thus  insuring  an  unrestricted  enjoyment  of  the  fruits  of  labor  ; 
and  to  the  wider  opportunities  for  profitxible  employment  of  women, 
with  consequent  lessened  dependence  upon  marriage  as  a  means  of 
support. 

Birth-rates. — Statistics  as  to  births  are  expresse<l  in  the  same  manner 
as  those  concerning  marriage ;  namely,  as  so  many  per  1000  of  popu- 
lation. This  ratio  is  known  as  the  crude  hirfh-ratey  and  conveys  no 
information  concerning  the  proportion  of  women  of  the  child-bearing 
age  who  have  added  to  the  population.  Here,  again,  a  more  accurate 
and  inetnictive  method  of  expression  might  be  based  upon  a  comparison 
of  the  number  of  legitimate  births  with  the  numbtT  of  married  women 
below  forty-five  years  of  age,  and  of  the  number  of  illegitimate  births 
with  the  number  of  single  women  of  the  same  limit  of  age.     Under 
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any  systern,  still-birtlis  are  not  iiic^iuW  in  i*itlier  the  births  ciM 
althoiigli  tluy  nrv  rrrlifitiL 

Birth-nites  naturally  vitry  very  grt^utly  iti  different  cN^mmunitii^J 
8iune  as  marriajj^-niU's,  and  for  the  .^ame  iva.s<m.s.      OixHnarily,  th 
are  higher  in   cities  tlian   in  the  eianitry,  and  during  and  immnJuird 
lr41uwinc;  |MiriiHl>  <»t'  ]>n>s]K'rity   than   during  times  of  depre^^ion. 
higher  rate  is  U}  he  exjieeted  of  a  inatnilaeturing  and  CHJiumen-ial  eenH 
than  of  a  purely  residential  town,  where  a  linage  number  of  unnuiri 
domesties,  eniphiyt^l  hy  the  well-to-do  and  rieh,  sw€»ll    the   poptibitid 
and  lower  tin-  ratrs  of  hnth  marriages  and  hirths  in  the  niuuner  air 
inrntiontiL      In  tfie  latter  ease,  the  marricHl  iidiahitiint>  niav  be  umipu- 
ally  prolifie,  and  the  birth-mte,  expressinl  jn/r  l(KK>  of  marrii^  w<« 
below  foi-ty-tive,  would  be  ver>'  high  ;  yet,  the  crude  birth«rate  writ 
Ix^  low.     S<i,  in  eoinjmring  two  eonnnuniti{^  in  res]>i*ct  to  births,  aixnin 
demands  tliat  tlu-y  shall  he  rcihiee<l  to  a  eonmion  liasi.s. 

Tlie  higher  l>irth-mte  in  eities  ajifl  large  towns  is  due  to  the  gnutl 
proportion  of  women  of  ehi!*l-lx"aring  age,  tlie  higher  marriage^n 
and  the  earlier   niarriagt;'  age  that   there  f>btain   among   |ie<.»ple  of  1 
lower  ehiHses. 

Sinee  the  pro|H>rtion  of  deaths  in  the  earliest  years  of  ehildh<^i 
very  high,  it  follows  that  a  high  hirth-mte  is  always  as^ocintefl  with  a 
high  death-rate  ;  hnt  at  the  same  tinK\  a  high  bii'th-rate  implie?*  a  krp' 
proportion  of  numwl  jiersuns  in  the  tult  vig<ir  of  life  at  that  age  [tvmi 
which  is  asHH"iate4l  with  a  low  rate  of  niortahty,  antl  thus  the  inflnpii 
on  tlie  death-rate  is  more  or  less  eorreettnl.  A  eontioued  high  bir 
rate  necessarily  implies  a  large  proportion  of  growing  children  wll 
y«ir  l>y  ye^ir^  swell  the  ninks  of  the  rejjrmluetive. 

A  low  liirili-rate,  l)y  eansing  a  ivlative  inereuse  in  the  pn>ix»rtion^ 
]XTSons  of  the  age  jxriods  of  low  mortality,  may   bring  alnrnt  sl 
death-rate;  but  l(  it  eontinues  long  enough  to  bring  the  |>opnliitioitl 
a  high  avemge  age»  it  will   be  sncetHi'dtHl  l)y  a   rapid    inenmse  in 
deatli-nite  due  to  disexises  of  adv^uneing  yeai>. 

The  birth-rat  OS  of  many  eoun  tries,  like  the  n  mm  age- rates,  have  fi'r 
some  years  sh<iwn  a  steady  dcH*line.  This  is  <lue  somewhat  to  the  in- 
ereasing  average  age  at  marriage^  Mhieh  nihux»s  the  [K*rio<.l  o(  rrpf*- 
du^'tioUj  but  largely  Ur  artificial  restrietions  and  eeonomie  nmsideRt- 
tions.  The  great  deeline  in  th«'  l)irfh-n»te  of  Fmnee  has  attnieti^l 
wid(»sprt*ad  attentiiKi,  and  has  btH-^mie  the  subject  of  gravt*  imneern  U' 
the  aathorititrs  and  other  thinking  i^^ople  of  that  eountr\\  A  hiitwlrtHl 
years  ag<i,  more  than  a  tpjarter  of  the  population  of  what  are  known  a^  tin* 
Grwit  powers  was  French  ;  to-<l?iy,  notwitlistauding  the  niark<Hl  <h-iu- 
cliuatiim  of  that  fMHi|>Ie  to  emigrate  and  sec^k  new  himics,  the  pn»p 
tiou  has  fallen  to  about  one-eightli.  In  1 -HOl^  aeeordiug  to  r^n 
returns,  of  even'  hnndrt^l  families^  22  had  but  2  children,  and  24,  I 
1  child,  aj)ieee.  The  decline  in  l>irtlis  is  not  due  to  jM»v*erty,  for  it 
among  the  |KH*rest  there,  as  elsewhere,  that  the  largest  fannlies  are  mis  _ 
The  same  influenc^es  ajifu^ar  to  have  In^en  in  ojunition  for  !^<  »nie  vt^irs  hi 
England  and  Wales,  where,  since  I87(i,  when  the  birth-n»*^'  ^  ^^  -*>-J 
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It   fell  progressively  in  tux^nty  yearn  k»  29.7,  and  showc»d  in  the  last 
vcsirx  of  thef-*entury  a  mmi*  striking  cleiTCii^e  tlian  in  any  f»thii*  romitry 

In  our  own  country,  among  tht*  descendants  ai'  the  origtual  eulonists 
tiiul  earlier  inirnigmnts,  the  same  decline  is  most  evident.  ^Miereas  in 
cidonial  limes  and  in  i\w  earlier  yt*ars  of  national  indi"|jendent_T\  fami* 
lU'S  of  a  tloi^rn,  fitt<'en,  and  nnn'(»  wnv  execntlin^ly  eornrntm  ;  nowa- 
<Uiy's,  one  of  six  or  i'igfit  lit^coaies  a  suUjfH'i  fur  eonuncnt,  surprise,  ami 
•  •ven  ridicule.  The  large  fa nu lies  of  tfK4luy  are  ntainly  those  of  the 
imire  riH-ently  arrivc<l  iuunigrants  and  t»f  their  tiist  generation,  lu  Mas- 
sachusetts the  statistics  i<»r  1SIJ,S  sht>\v  that  the  gn'at<'st  projwirtinn  of 
the  muubrr  uf  hirth-^  hcl rings  to  tlic  fnn "ign-horn,  tlie  i'hililrcii  of 
native  piiivntiige  on  hoth  sides  reftresenting  32.3G»  those  of  mixed 
parentjigi*,  19.4'i,  and  those  of  foreign-boru  jxirentage,  48,22  fjcr  cent, 
of*  tfu-  total  lartlis.     The  crude  hirth-nite  wiLs  27.o7. 

Death-rates* — Death-ralcs  are  i-jih-nlati^l  in  the  stnnc  way  and  ex- 
presses! in  the  same  terms  as  Ijirtli-ant!  tnarriage-njte>,  that  is,  by  uuil- 
li|>lyiug  the  number  re[»orted  by  IfMM)  and  dividing  the  product  by 
the  pnpnlation,  or  hy  dividing  the  n^pirtt^l  nnnilH^r  by  the  nnmlx^r  of 
thousands  i»f  pojudatiou,  tlie  result  in  cither  ease  being  the  rate  |kt 
MHU)  of  p(»|inlation.  Tliis  is  known  as  the  general,  gross,  or  crude 
cleath-ratc,  and  is  aftwteil  by  so  many  factors  that,  with*jut  eaivful 
j^tudy  and  fhie  allf>vvanee  for  distnrhiug  infhicnres,  it  may  prove  to  Ik^ 
n  very  lliulty  index  of  the  health  of  the  people  and  of  the  sanitary  c*(»n- 
dition  of  the  place.  When  used  as  a  Inisis  ior  coui[>uris<ui  of  ilif!*erent 
phices»  the  deaith-rates  must  first  hv  eorrwttMl  hy  milking  careful 
aJIowances  for  ditten*m;es  in  nge,  sex,  and  raw  diNtributiony  and  for 
abnonual   iufluencx-s. 

Influence  of  Sex.^ — Sex  exerts  a  divided  influence,  since,  in  genenil, 
females  live  longiT  than  males  ami  their  mortality  is  lower  at  all  age 
periods,  execpting  from  the  tcntii  t**  the  twentieth  yt^ir.  8(\  of  two 
phu'es  e<|tial  iu  sanitary  and  all  iitlier  couditiiirjs  exwptiiig  st»x  ct^isti- 
tution,  the  one  with  tin*  greater  pn>portion  of  feuialc*s  will  have  the 
lower  death-rate.  Kxi-ejit  in  newly  settle<l  places,  there  is,  as  a  rule, 
a  pre]wiuderan(v  ol*  ft  males  over  males,  althc»ugh  everywhere  the  liirths 
of  males  exc^^'d  iu  muuber  those  of  feiriales,  the  piY*|wn  ale  ranee  Ix^ing 
the  n^sult  of  the  liighcr  mortality  that  olitjiins  anioug  males,  ejst^cpt  ?it 
the  age  |M*riods  ahove  uieution»>d. 

Influence  of  Age.— The  iuHueiiee  of  age  distribution  is  far  greater 
than  that  of  sex,  since,  for  example,  the  mortality  jmt  ltK)0  nf  chil- 
<livu  tinder  o  years  of  age  is  more  than  ten  timi*s  that  of  |iersons 
ix'twceu  5  and  25,  and  more  than  six  timt^s  that  of  adults  iM'tween  25 
and  4o,  Tlins  it  may  l>e  stn-n  that  tia"  greater  the  proportion  of  pf>pu- 
lation  lielouging  to  the  earliest  and  hitest  periotls  of  litr,  the  higher 
will  W  tite  detith-rsUe,  One  wuuhl  ex|n»ct,  for  example,  a  higher 
tnortality  iu  a  eomniunity  made  tip  hirgely  of  eldi-rly  }K?t»ple  or  young 
children  than  iu  one  unusually  rich  iu  young  adults,  or,  to  reduce  the 
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mutter  to  it8  simplest  terms,  in  a  foundling  asylum  or  retreat  for  the 
aged  than  in  a  college  for  young  men. 

Influence  of  Race. — To  a  certain  extent,  racial  peculiarities  have  an 
influence  on  vitality,  and  especially  on  susceptibility  to  certain  diseases. 
Thus,  the  negro  is  far  less  prone  to  some  and  far  more  susceptible  to 
other  morbid  influences  tlian  the  white.  As  between  diflerent  peoples 
of  the  simie  race,  the  differences  are  not  so  wide.  In  those  parts  i»f 
this  country  where  the  negro  population  is  considerable  or  preponder- 
ant, this  influence;  can  never  be  disregarded,  and,  indeed,  it  is  com- 
nionly  the  practice  to  calculate  separate  rates  for  the  whites  and  for 
the  blacks.  According  to  Hoffman,*  the  mortiility  of  whites  and 
blacks  in  ten  southern  cities,  including  Baltimore,  Washington,  Rich- 
mond, Memphis,  Louisville,  Atlanta,  Savannah,  Charleston,  Mobile, 
and  New  Orleans,  during  the  years  1890-94,  was  expressed  as  20.1 
and  »*J2.G,  rt»sj)ectively.  This  divergence,  it  is  pointed  out,  would  be 
still  greater,  if  correction  were  made  for  age  distribution. 

The  excess  of  ni^ro  mortality  obtaining  at  all  age  periods  is  espe- 
cially notict»able  in  the  earlier  ones.  Thus,  in  1890,  in  Washington 
and  Baltimore,  the  death-rates  of  negro  children  under  5  and  between 
T)  and  lo  years  of  age  were  more  than  double  those  of  white  children 
of  the  same  age  periods ;  in  the  age  periods  from  the  fifteenth  to  the 
forty-fifth  year,  the  rates  for  both  nices  naturally  diminish  very  much, 
but  the  ratio  is  nearly  the  same.  After  the  forty-fifth  year,  the  dif- 
ference begins  to  be  much  less,  but  the  excess  is  always  with  the 
negro. 

As  instances  of  the  difierences  in  white  and  black  death-rates,  the 
following  art*  preseutiHl : 

(   IVivmlior,       ism).  White,  23.49:  Colored,  2S.59 

New  Orleans   .    .        \  Januarv,          WMKl  "  28.28:  ^  44.80 

t  MaMi/            im\  ''  22.50:  -•  39.60 

(   NovoniWr,       1S9*»,  "  13.42:  "  22.30 

„..                              I   IVivniber,       1899,  "  15.0O:  "  29.38 

Kaltimon^     .    .    .    .    ^   jj,„jmrv,          \^X\  "  17.90:  ''  30.60 

I  AVhole'vear,  llHKX  "  17.48:  ''  33.42 

.Vtlanta Whole  Vi-ar,  19(H),  "  11.59:  "  19.50 

Auirusta,  (ia.    ...              «        -       is99^  -.  io.50:  -  31.00 

f  5  wks,  ending  Jan.     6.  19U>,  '  15.70 :  "  33.23 

Charleston    ^4      *'         "       FeK    3,1900.  *  12.60:  '  27.50 

(  2       •         "       FeK  24,  190l»,  "  19.81  :  -  32L94 

Tlu^  difterenct^  l)etween  white  and  black  mortality  is  believed  to  be 
duo  iui»rt»  larp.»ly  to  race  degeneration  than  to  sanitary-  c<>iKlitii>DS.  In 
tho  North,  the  ni^n>  .4iows  an  extH^<  of  de:ith>  over  births,  and  1k>1<K 
his  own  only  by  influx  of  reeniits  tWni  the  South. 

Av^vnhnir  to  Dr.  Se:de  Harris,*  In^fore  the  Civil  War  ibe  negp» 
dt\ah-r:ur  in  the  Snith  was  U^ss  than  iliat  of  the  whitt^,  F««r  exam- 
pU\  in  i'harli^ton.  S.  C.  tWmi    1822  to  the  U^ginning  t»f  tl  *  m^ar  tin' 

*  K.ixv  rr»it>  and  Toivlenoies  of  the  Aaierican  Necru.  Puhlioatiot^  •■:  ibe  Amrr- 
K\*u  V\n'".vv.\x-    Vv«.vv\:it!on.  New  York,  lS9fx 

•  Tb-v  V\:;',itv  of  :he  Nt^rv^  fivwii  ihe  SiamlfH^ini  i>f  the  Soutberc  Pfer^^aML  Amer- 
suu  MvnIivuv*  S-^-*:.  '.  l\<'l. 
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»V€*rage  death-rate  of  tiie  whites  wji*^  2*>,98,  and  of  the  blacks  24.05  ; 
but  from  ]HH'i  to  1.SJI4,  altlunii^h  the  mte  wu>i  liut  sliglitly  Iiigher  in 
the  c'Hse  uf  the  whitc.*^  (2(i.7T),  it  had  neiirly  doubled  (43.29)  with  the 
blacks. 

Fn*tii  what  has  been  suit],  it  must  he  evident  that  crude  death-nitej* 
in  nut  lie  relied  lipui  as  abasia  i  if  nmrtality  et*ni]ians«>n  id'twn  p1aee8, 
unless  tile  resjjeetive  [Mipidatiuns  are  in  sulKstaiitial  agriiitjenl  in  age, 
rac«?,  and  t^ex  ciiiistitutitin,  nur  tur  comparison  of  the  etmditions  olitain- 
iug"  at  tlie  8ame  place  in  ditlerent  yeurt;,  unless  tliese  faetiirs  are  pnic- 
tictiUy  unchanged. 

Other  Lifluences, — Crude  dmth-rate?^  are  influenetHl  hy  errMrs  in 
estimat^'il  population^  by  the  presence  of  various  kinds  (if  pnbhe  insti- 
tutions, such  as  hospitals,  stiite  almshouses,  and  asylums  for  fuundling!* 
iind  the  aged  ;  by  luigratorv  movements  ;  by  density  of  population,  and, 
as  has  U'en  statinl^  l>y  the  liirth-nite.  An  important  source  of  error  lies 
in  the  return  of  |iersons  atHictrd  with  incurable  diseases  to  tlieir  old 
homes,  where  tliey  die;  their  ileaths  are  registcretl  there,  instead  of  at 
the  plaices  where  the  aiuses  tlicrcof  hat]  their  origin  or  where  the  saui- 
lan^  conditions  were  such  as  to  favor  suseeptibitity. 

Influence  of  Density. — -Death-nitcs,  espiH'irdly  tliose  of  the  very 
young, are  nuich  higher  in  crowded  localities  than  where  the  pripulatiou 
bas  plenty  of  n>om  ;  and  it  is  cH>mmonly  aetH:-pted  that,  other  things  being 
equal,  increased  density  means  inerease<l  mortality.  To  a  certain 
extent  thi>  is  urahmbtedly  true,  particularly  wliere  inci\'ast*il  density 
tumns  overcrowding;  hut  it  is  not  necessarity  trui^  nf  a  hirge  population 
sprmd  out  over  a  territory  eiijialde  of  acciinirn*>dating  twice  us  many 
I*eople  very  comfortably.  Thus,  in  Massachusctti^,  for  example,  where^ 
in  1S55,  the  population  averagtsl  13tJ  to  the  sijuare  mih\  the  gencml 
death-rate  was  abtMit  tlie  same  as  obtatueil  forty  ycjirs  later,  wlien  tlie 
avenig**  |>opulati<ui  jx'r  sipiare  mile  had  more  than  doubled,  the  slight 
different-  lieing  in  favor  of  the  hiter  (period.  During  the  dccennium 
just  prior  t^i  the  outbreak  of  the  Civil  War,  the  average  nit*^'  was  18.25  ; 
dtiring  the  priml  18S7-18JH,  it  was  about  19.50  ;  and  in  1898,  it  wai^ 
but  17,55,  whicli  was  the  lowest  annual  rate  l*or  tluVty-two  years. 

In  deusc»ly  populatcnb  oi't-rcrowdai  l(K*alities,  such  as  the  slums  of  lai'ge 
cities,  wv  find  all  the  conditions  which  tavor  a  liigh  mortality  ;  namely, 
poverty,  inmiorality,  tgnoranc4\  inteniperance,  uusjinitary  haliitations, 
higli  liirth-ratc,  earelcssness,  filth,  and  improptT  and  insuffieieut  foinl. 
In  fact,  the  slums  are,  in  very  great  measure,  the  <-aUH.*  of  the  tliiferenccs 
observtHl  in  the  dfnth-nites  of  small  and  large  eonuTHinities.  In 
country  districts,  small  towns,  large  towns,  and  cities  situated  within 
the  siime  district,  where  climatic  and  other  natural  c*ouilitionsare  eSvSen- 
tially  tlie  siime,  it  is  comruouly  observed  tliat  the  liigher  average  rates 
obtain  iii  the  larger  cuuuuunities,  and  the  lower  in  the  smaller  phicesf, 
where  slums  are  unknown  ;  while  the  very  highest  occur  in  manuiact^ 
uring  centers,  when*  the  nunn  [Mipulation  consists  of  mill  iim*mtivos, 
who  work  by  day  under  unsanitary  conditions  and  pass  their  nights  in 
crowded  tenements.     8o,  also,  higher  rates  obtiiin  in  old  maTUiiiieturing 
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pla<'i>,  in  wbieh  a  larger  prc>|Kjrtion  of  [wpiiliitioD  of  a  weak 
tloju^meratefl  tyjH"  is  to  Uv  tVniiKl,  tliaii  iti  otlier?^  iiiort*  rL»t'<*otly  < 
iislnd. 

Weekly  Beatli^rates,  etc. — TUv  de^uli-nik*  for  amy  juirticubr  wctkl 
obtoiiJMl   hy  ninltiplyin^  the  number  of  deatlis  ixicurring  during 
jMTj'ml  hy  rri.l4  (tlu-  nundi+^r  of  week,^   in  **i(J5  days)  and  diviiUng  tk 
j>rodi»rt  by  the  miriilKT  of  tlnHiisjiiidH  of  jxipiilution  a.s  estiina!*il  for! 
[iiidill<'  of  the  yeai\^     The  same  method  of  reekoning  may  be  einplw<(| 
for  dftfrniiiiiiig  tlie  rates  for  other  fractions  t4'  a  year,  and  for  rateit 
birth,  mnrrisijirr,  zyinr^tie  dii^t^asi-,  mu\  uther  mutters  tif  8tntistii*:il  h\U 
^est.     Tht'st^   urt'kly   and    otlRT   perirMliral  nitcs   are   bij^'hly   unreliab 
data  u|ioo  whirh  to  htuny  eoiiifKirisutis  witii  thttse  of  other  plaof-saml  i 
other  parts  ol"  a  year,  *siiiw  neat^onal   iiiflueTieeis  and   tenip«»rar>*  e»u»di 
tions  must   not   lie  iguonxl  ;  their  pniieiiwd  vaUie  is  in  eonjpiriujr 
nitvs  i»btaiiHiig  at  the  same  plaee  at  eorrespondintr  perifids  of  iliffw 
years. 

In  tlie  siiitie  way,  the  weekly  death-rate  from  any^iven  cansi%<*rl 
\v*x*kly  mmjlw*r  of  case\s  of  any  |Mirt!eidar  notitialile  disease*,  «»uch 
iliplitfui'ia,  searlet  fever,  or  measles,  may  lie  determined* 

Zymotic  Iteath -rate,— The  zymotic  death-rate  is  the  death-rate  lil 
to  the  seven   prineifwd   st»-calletl  zymotic  tlist^af^es  ;  namely,  $mull|Ri\, 
scarlet  fewr,  mwish^s  dipbtbena,  whooping-tMiugb,  typhoid  tevf-r    " ' 
<liarrlueal   distnises.      It  is  expresse<l  in  terms  jier    100i>  of  ptpn 
like  tin'  p^rnss  death-nite.      Tlie  nite  for  any  disease  may  be  giniilariy 
itbtairuii  an<l  exjiressetJ. 

Infantile  Death-rate.— The    infantile  nnirtality  is  not    expres^e*!  in 
terms  per    UHM\  of  the  whole  ])opulation.  bnt  as  the  nnmlx*r  of  dttili 
of  ebildren  under  one  year  of  age  to  raeh  UH)U   births  rt»gi.^tere<l  dura 
the  vear*      It  is  assinncd  that  the  efflux  of  living  children  \vht«^^  bir 
liave  lieen  n-gistertni  with  the  lr»eal  antboritiei^  is  counterbalano^l  bv 
influx  tjf  others  whose  bii*ths  are  ivgistered  eWwhere- 

Infantile  mortality  is  always  high,  owing  to  a  variety  of  *^ni>es. 

it   is  jKirtieularly   high   in   slums  and    in    maiuifacturing  towns  wl 

women  are  largely  em  ploy  e<l  in  factories,  antl  so  ai'e  nnable,  even  tlioii 

sr*  inclineil,   to    give  that    jjt^rsonal    atteutixm  to  their   ofl**;pring  as] 

bestowetl   by   mothers    whose  lives  are  ptirely   drvmestic.      In    >U 

clmsetts,  for  example*  the  irifantile  dt^ath-rate  avei'agc^d,  in  the  deca 

1881-1890,    174;9   in   (lie  cities  and    129.'>  in   the  CHrmntrj*,  and  tlj^ 

extremcj^  for  the  i'ities  were  2.^19.7,  at  Fall  River,  preeminently  a  "l 

t*>wn,'*  with   all   that  the  term   imjilies,  and    lll.U   at    New*ton,  wb 

mamifacturing  is  at  a  mininmm  and  overcrowding  practically  unkn^ii 

Ijowell  and   Lawrence,  also**  mil!  towns,'"  showed   res|M^*tr 

and   21:^-1^  while  Boston^  commercial,  maimfaeturing,  and    i 

showed  188.2. 

^  Many  f^tatiDtii'innH  employ  the  factor  ri*2J7747,  ihv  number  of  week^  in  tfi 
year  of  Stiri  dayts  5  hoiirs,  48  niinmcis  in\d  40  stvtmcls.     Thi>i  exnggenition  trf  ex»cfl 
m  HHiall  ihmprs  Heems  all  ilie  more  flt^^unl  when  we  eonfsider  that  the  es^tiniatkHi  of  |H 
bttion  Til  the  midtlle  ojf  the  ye^tr  In  nothinjy;  more  Lhnn  a  fnirly  rea#<^nablc  fgmtm^i 
ittUiU  proves  to  be  wide  of  the  truth. 
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In  the  tbrec  cities  vvitli  the  liighost  rates,  Fall  River,  Lf>wcll,  and 
awrf:*iK»<%  the  popiihuioii  is  largely  Frenrh-(  Vvnaflian  o[HTativc*s  f»r 
<?<>tton  and  woullen  mills,  housed  in  erowtled  ti'iirnients*  Tlie  sn-i'alled 
**  shiH*  t<iwns,"  Haverliill,  Marlbr^n),  Broekt4)n,  and  Lynn,  have  a  very 
diftei-eiit  kiiirl  uf  pripulation,  aiueh  Ix-tter  paid  and  nut  iaelineil  U*  a 
ten*^«it*nt-hitii.se  life,  and  s\nn\  n'S[>ei',tively  I'uA^  l')4.G,  14().9,  aial 
140.7,  all  «if  whieh  rates  are  Im'Iow  that  tvi'  the  State  at  lartj^',  \WA,' 
Similarly,  in  England  aiiil  Wales,  where  in  IHIM  tlif  rate  was  I'M,  und 
in  1H96,  147.5,  Pn»ston,  which  can  elaini  one  of  the  blackest  recortls 
tti  all  respects  aniong  null  ti>wns,  shewed,  in  the  fi inner  year,  22*.K  and 
in  the  hitter*  2*I*J,  while  in  l^mdnn  the  rate  was  Init  1 '>t*. 

The  t4iiet*  tiiettH's  in  I  he  eans^ttiim  of  hi^h  infant  inurtality  are 
|iremature  hirtlis,  heriMtily,  iiitcrn[>erane(%  early  marriages,  neglt^t^t, 
carelessness,  igiiomnce,  improper  fuiHl,  iinsanitary  surroundings,  indu*i- 
trial  conditions,  ille^itiintiey,  and,  pi^liaps,  itdant  liie  insurance.  The 
iJTimctliate  causes  are  «'hietly  inatntiou,  diarrh(cal  tliseases^  mrash's, 
whooping-eon^h,  and  other  intV^tive  diseases,  and  vicdence.  Tlie  infhi- 
€nce  nf  prenintnre  hirth,  heredity,  neglect,  earele,ssness,  ignoranee,  ami 
unHanitary  snrrnnndings  ne*Hls  no  cliieitlation.  Industrial  conditions 
figure  largely  in  the  neglect  of  infunts,  since  mothers  in  <^m  ploy  men  t 
return  as  s«miu  as  |><»ssible  after  confinement  to  tla^ir  work,  and  entrnst 
their  offspring  to  thi'  care  i»f  older  children  and  others,  by  wliom  they 
are  improperly  M  and  looked  after.  During  ]>regnaney,  also,  the 
woman  remains  at  work  up  to  the  last  pos>il>le  moment,  so  that  her 
absenw  is  limited  tvi  that  jteri<id  chiring  whieh  she  is  alTsolufely  in- 
capacitated. 

The  age  of  the  parents  has  much  inHin*nee  on  the  vitality  of  infants, 
thc»sc  of  mothers  under  20  dying  off  ap|jre<Mably  fsister  than  those  of 
others  between  2(*  and  *]f),  Betwwti  W  and  35,  the  vitality  <d"  the 
ofli'spring  is  still  greater;  bnt  after  this  age  ]>eriod  it  begins  to  dc^*line. 
The  first  children  of  very  young  fathers  alsu  ait*,  as  a  general  rule, 
weaker  than  those  begotten  later.  To  this  influence  of  the  parents' 
age,  cr>njoinctl  with  that  t»f  ignorance  and  inexi>erienec,  uiav  bi* 
f' attributed  the  ex<'essive  mortality  whic*h  obtains  among  the   iirst-i)inii. 

Illegitimaey  has  a  very  great  inHnence  ou  the  eliancc^  of  snrvivid  to 
even  the  mrly  jM^riod  of  cluhlhuod,  for  the  infant  is  m  an  nniiivorable 
pjsition  as  regards  care  and  home  surroundings  fnuu  the  l)eginning, 
Almndton-*!  In'  the  mother  tei  the  care  <»f  wlnunsdever  nmv  be  w^illing  t<? 
ac*cept  the  ehurgc,  or  **  furmcd  out  **  among  ]ierson>-  whose  interest  in 
iti^  welfare  is  wholly  liiuMKasd  und  sniiject  to  immc^Hate  diH"lin<*  tui  the 
<*es.Hation  or  tardiness  of  puyments,  it  has  even  less  ehanee,  ])erhaj>s, 
than  when  kept  nt  home,  an  unwelcome  additinn  Imth  to  the  fannly 
eirclc  and  to  ihe  exjM'Use  account. 

Infant  insunuice  is  generally  believed  to  be  an  inrtuen<H'  in  tliminish- 
ing  the  amount  of  care  and  sfilicitude  for  the  hetilth  of  the  vc^ry  ynung^ 

*  Tlie«e  ti^ires  sire  hiU*>n  fmm  n  rtwimninimljan  from  Dr.  8,  W,  Aljlwitt,  Stt'returv  of 
the  State  Board  of  Hetiflh  of  MaHsnclmselts  *"»"  **  Infant  Mortjility  in  Mjiswelnwt'ttn." 
Jniimol  of  tfje  Mffl«8achii«ettii  Aasocmtirm  of  Bt«oxts  of  Hon  It  h,  DetN,nnWr,  1H9H,  p,  134. 
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and,  therefore,  has  been  the  subject  of  considerable  legislation,  by 
which  the  maximum  amount  of  the  policy  is  kept  at  a  low  figure,  Uy 
for  instance,  the  actual  expense  of  burial.  Whether  iDsurance  has  more 
than  an  insignificant  bearing,  cannot  be  determined  by  trustworthy 
statistics. 

Beyond  doubt,  the  most  fruitful  single  cause  of  high  infant  mortality 
is  improper  feeding,  due  partly  to  the  necessity  of  supplying  an  arti- 
ficial substitute  for  breast  milk  and  j>artly  to  ignorance.  The  bpea>l- 
fed  infant,  carelessly  looked  after,  has  a  far  better  chance  than  the 
bottle-fed  more  carefully  tended.  The  former  receives  its  natural  fix^l 
at  a  uniform  temperature  and  practically  sterile  ;  the  latter  is*  fed  up)D 
another  kind  of  milk,  differently  constituted  and  of  a  different  d^ree 
of  digestibility,  which,  under  the  best  of  circumstances,  is  com- 
paratively rich  in  ordinary  bacteria,  and  is  administered  at  different 
tem})eratures,  sometimes  very  hot,  sometimes  cold.  With  lack  of  care, 
the  danger  is  increased,  for  the  milk  may  be  stale  and  dirty,  and  act  as 
the  vehicle  for  the  exciting  cause  of  cholera  infantum,  which  is  respon- 
sible to  a  greater  extent  than  any  other  morbid  condition  for  the  deaths 
in  mill  towns  of  infants  whose  mothers  are  employed  in  the  \'arious 
industries.  Besides  dirty  and  stale  cows'  milk,  a  variety  of  cereal  and 
sugar  substitutes  are  provided,  which  may  or  may  not  be  digestible 
and  nutritious. 

Ignorance  of  what  is  proper  for  introduction  into  an  infant's  stomach 
is  responsible  for  much  infantile  mortality,  even  when  breast-feeding 
is  followed.  Who  has  not  seen  fond,  but  ignorant,  mothers,  in  public 
conveyances,  keeping  their  infants  quiet  with  bananas,  seed  cakes, 
cookies,  and  other  food  materials  unsuited  to  a  digestive  system  which 
can  have  difficulty  enough  with  milk  alone  ?  It  seems  unlikely  that 
such  pnictices  arc  restricted  to  the  time  spent  in  travel,  when  consid- 
eration for  the  comfort  of  strangers  suggests  the  avoidiiuce  of  fretting 
and  crying. 

Death-rates  of  children  under  five  years  of  age  are  expressed  in  the 
same  terms  as  infantile  mortality,  that  is  to  say,  as  the  proportion  of 
deaths  per  1000  children  of  that  age  period. 

High  and  Low  Death-rates. — In  the  absence  of  any  unusual  general 
unsanitary  condition  or  of  unusual  prevalence  of  epidemic  diseases,  an 
abrupt  rise  in,  or  a  very  high,  death-rate  is  not  infrequently  only 
apparent,  liein^  l)as(»d  upon  an  underestimated  poi)ulation.  A  very  low 
death-nit<'  is  always  open  to  suspicion,  although  sometimes,  as  in  newly 
settled  coninumities  with  a  very  high  pro]x)rtion  of  young  male  adults, 
for  a  liinit(Hl  term  of  years,  it  is  perfwtly  j)ossible  and  natural.  A  rate 
of  1")  ]K»r  1000,  for  example,  in  large  cities,  is  so  low  as  to  suguest 
that  the  population  has  been  very  much  overestimated.  Within 
reeiMit  years,  the  authorities  of  a  rapidly  growing  Western  city  noted 
witli  great  ]>ride  the  gigtmtic  strides  in  the  estimated  j>opulation,  and 
were  naturally  niueh  elated  to  find  that  the  deiith-rate  based  thereon 
entitUnl  the  city  to  a  ])osition  in  the  first  rank  of  the  cities,  large  and 
small,  of  the  whole  world.     The  census  of  1900  dispelled  the  illusion, 
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lor  the  population  had  beeu  grossly  exaggerated,  aud  the  actual  death- 
jnte  was  comparatively  high. 

Death-rates  as  low  as  10  and  12  are  sometimes  noted.  A  continued 
rate  of  10  in  a  stationary  population  would  mean  that  the  inhabitants 
would  average  100  years  of  age  at  death  ;  one  of  12  would  mean  an 
average  age  of  over  83  ;  one  of  15  would  mean  an  average  of  nearly  37. 

As  examples  of  high  and  low  death-rates^  the  following  for  the  same 
quarter  of  the  same  year  (1897)  may  be  cited : 

mgh.  I  Low. 

Dublin 39.9    Frankfort  on  the  Main  .   .    .  15.6 


Moscow 36.9 

Bucharest 33.2 

Belfast 31.3 

St.  Petersburg 31.0 


The  Hague 16.2 

Berlin 17.0 

Christiania 17.7 

Amsterdam 17.8 


The  influence  of  improved  sanitation  in  the  lowering  of  the  mortality 
<rf  any  given  place  cannot  be  disputed,  but  in  attributing  the  whole  or 
even  the  greater  part  of  the  difference  in  the  rates  of  any  two  places  or 
fii  the  same  place  in  different  years,  one  should  be  careful  not  to  ignore 
ftctors,  already  mentioned,  that  exert  influences  beyond  the  control  of 
sanitary  authorities.  Permanent  decline  in  mortality-rate  is  a  matter 
of  slow  growth,  and  is  the  combined  result  of  sanitan'  effort  and  miti- 
gation of  the  occupational  and  social  conditions  tending  to  lower  vital- 
ity.    In  Elizabethan  times,  the  death-rate  of  London  was  about  40 ; 

;    at  the  banning  of  the  reign  of  Victoria,  it  was  24,  and  at  the  end 

r    of  the  century,  about  19. 

Oonection  of  Death-rates. — The  impossibility  of  making  a  fair  com- 

i    parison  of  the  death-rates  at  different  places  without  taking  into  con- 

i  «ideration  the  constitution  of  the  respective  populations  as  to  age,  sex, 
and  race,  has  been  sufficiently  pointed  out ;  and  since  two  places  abso- 

.  lutely  alike  with  r^ard  to  occupational  influences,  wealth,  density  of 
population,  climate,  soil,  water-sup])ly,  sanitary  administration,  and 
general  sanitary  condition,  but  discrepant  as  regards  the  distribution 
of  the  sexes,  age  periods,  and  race,  may  show  ver\'  different  death- 
rates,  perhaps  magnifying  the  salubrity  of  the  one  and  exaggeniting  the 
unhealthiness  of  the  other,  it  becomes  necessar^'^  to  have  some  method 
of  bringing  them  to  a  common  basis.  In  the  matter  of  nwe  influen(»e, 
the  best  plan  is  to  separate  the  statistics  absolutely,  having  one  set  for 
the  white  and  another  for  the  colored  population,  and  to  comi)are  white 
with  white  and  negro  with  negro. 

The  method  commonly  recommended  for  correcting  acconling  to 
aex  and  age  is  the  one  in  use  in  the  office  of  the  Registnir-Cxeneral  for 
£ngland  and  Wales  ;  this  may  briefly  be  described  as  follows  : 

The  mean  annual  death-nite  of  the  country  for  each  sex  at  each  of 
the  eleven  age  periods,  namely,  below  o,  5-10,  10-1  o,  ir)-20,  20-2"), 
25-35,  35-45,  45—55,  oo-fjo,  Go-To,  and  75  and  upward,  during  the 
last  preceding  ten  years,  is  obtaimnl  and  nuiltiplied  by  the  nunil>er  of 
those  of  each  sex  at  each  corresponding  age  jK»riod  in  the  territory 
under  consideration,  according  to  the  returns  of  the  last  i)receding 
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tTiisus.  Each  prtKliict  tims  HbtaiiitHl,  clivtiltHl  liy  1,000,  gtve.<  tk  rji- 
t'uIiitiHl  niinihiT  ui'  rlriulis  for  tlie  re.'^|)i't'live  sex  antl  a^c  ptwl>. 
The^e  22  rt'>filts,  skIiKhI  togfthtT,  re[»re?:t'nt  the  cnUnilaled  DumUi  rf 
tltvitli<  lor  the  plan'  in  qiiotioii  in  ono  yeair.  The  total  (ulculattil 
iniiiilK-r  fit'deathsj  tlividtHl  bv  the  number  of  thousiuid.^  of  population 
or  tiinhiplicil  by  1,000  atid  dividtHl  by  the  pojiulation,  gives  the '^rt'"- 
(iaaf  that  ft -raft; 

Ttit'  tiext  Htej>  Ih  to  ubtnin  a  factor  for  curnH^tiou,  by  detern lining  the 
ratio  which  the  standard  death-nite  of  the  phice  bc?jirs  to  the  d£atli-rit4^ 
of  tile  whole  tHumtry,  Thi>  is  ol)tuined  by  tlie  rule  of  fJimple  pmn^ir- 
tion,  the  seeond  tiK^an  being  unity.  The  reconled  death-nite  for  tbi* 
year,  multiplied  by  this  tiictor,  gives  the  rom^ied  ilvtith-ratt ^  which 
will,  tfierefore,  be  above  or  bt4<iw  the  reconled  rate,  acconlinj^  jis  llie 
tartor  is  alxive  or  Ix'low  niiity.  By  dividing  the  correctctl  de-j-*  -•  ^ 
by  the  dwith-rate  of  the  whole  eountry,  and   multiplying  th**  c[i  j 

by  1,(M)0,  {\m^  fomparaflvr  motiaffttf  fif/ttrv  is  iA}Xii\uf*t\  ;  that  ii^  U*  si)»  J 
the  number  of  deatlw  which  will  oeeur  in  the  wuiie  unmber  of  thi-  Vi-A  ' 
population  as,  iu  the  general  [M»pu!atifni,  will  yiehl  1,000  deaths 

Clasaificatioii  of  Causes  of  Death*^ — In  the  resist  rat  ion  of  iziiiny  <^i 
cknth,  a  errtiiiu  :i mount  t>f  erntr  i>  inevitable,  for  fi<*veral  reasons,  hi 
the  lirst  phiee,  evtn  the  nuist  eoni|Ht4^nt  praetitiouerii  an*  not  infall!l4f 
in  diagnosis,  and  it  is  nf»t  always  poesihle,  when  one  pathologi<iil  state 
is  eoraplieated  by  the  advent  of  another,  to  detenu iiie  which  vn^  the 
aetual  eause  of  the  fatal  terniination.  Next,  the  uomeiirlature  of  di^ 
eiist'S  is  faidty,  although  ever  tending  towaixl  ulttniate  |>erfeetiou.  A^nin^ 
the  true  eause  of  detith  frt  quently  is  misrepresented  intentionally  tor 
jaHvate  (tv  family  rent^ons ;  thus,  apoplexy,  instead  of  suicide^  aixi 
p'ritonilis,  wiu-ii  tht*  aetual  emise  of  the  peritonilis  h  crimiD^I 
interti'reurv. 

Lastly,  it  is  souu'timcs  thera^-e  that  no  ciuise  whatever  is  as^goM^ 
even  after  ejireful  autopsy,  and,  obvif>u8ly,  sueh  nuinol  l»*  chi^^ifictL 
Witli  the  existenee  c»f  an  indeterminate  amount  of  error,  it  fonows  llttt 
eantiou  shuidd  hv  exereisc^l  in  eomjiaring  results  i*eprt*senting  a  s»erir* 
**f  vear>,  antl  all*>wanees  ^-^htvidd  Ik*  kept  iu  mind  with  ehaugt>  in 
nonierjeiatmx',  when  drawinj^  deduetious  irom  what  has  been  deserilwd 
as  the  elassificiition  of  the  more  or  less  reliable  guesses  of  u  Infgv  mm" 
brr  of  more  or  less  skillcMl  i>l>servers. 

Registration  of  Sickness,  if  it  wei'i'  possible,  would  affonl  a  far  mcmr 
ellieit'Ot  index  of  the  snnitary  eondition  of  the  |)0]udatinn  thao  tli* 
registrati<m  nl'  deaths,  whieli  gives  us  simply  the  number  of  ciide»»(j>f 
siekness  which  endeil  fatally,  but  no  idea  of  the  duration  thereof  or  rf 
tht'  mimlier  «>f  person^  teru]timirily  inaipaeitated.  A  disease  ordinairilir 
regju'tliHl  as  fairly  ilangcrous  may  |»rt'Vail  very  extensively  in  a  niild 
form,  and  Im*  atteuikil  \>y  a  veiy  h^v  death-mte,  and,  ag-ain,  may  exi^t 
to  a  lesser  extetit,  but  in  an  unusually  severe  form,  with  a  hii^rh  pn^pir- 
tifju  of  fatalities.  Many  diseases,  again,  are  temporarily  disabling  and 
often  widely  lu'evah-nt,  but  play  a  stuall  part  in  m<»rtulttv  n:'tiim^. 
Tonsillitis^  for  example,  is  res[)ousilile  for   much  dis<H>mtbrt  and  l<i^t 


nine  :  iit^  prevalrnre  lia.^  some  nifanin^,  hut  it^  dtnitli  roll  is  exf^x'^lin^ly 
j^miilK  Rlu'Oinutisiii  is  much  more  wiflesjireiid  tliuu  rnortnlity  ri'tunis> 
would  uiifily  ;  c'hirkoup»x  i>  rehitively  uiiioijKirtiint,  hut  in  some  plae4^H 
it>*  UiitiHe4itioii  is  re*juiretl  as  a  satb^uard  a^^aiust  the  sprea<l  of  suiall- 
pox  iucfirrectly  (liagiu>s*:Hl  as  variiTlla  ;  j^^uuorrhfva,  without  lieiuj^  fatal,. 
fWs  iiiitre  harui  tliau  coinniniily  is  su|)])osoil  ;  and  sy pliiHs,  also  not 
iinnuHliatfly  and  ilirwtly  fatal,  st^ids  its  virtims  into  thu  mortiihty 
returns  thnuitrli  various  avenues.  But  however  ilesiralile  sneli  regis- 
trution  n^ay  1m:%  tlie  obstacles  in  the  way  of  its  aee*>niplishn)ent  a!'e  hx* 
numerous  to  admit  even  of  ho|»e,  and,  excepting  iti  the  case  of  iufiK-tive^ 
diseases,  which  law  retjuires  shall  be  re[>ortcHl,  tl*erc  is  ik*  sitisfartory 
method  of  nhtaiiuiig  an  aceunite  idea  of  t!ie  hwdth  of  a  eonimuuity. 

Duration  of  Life. — Heveml  expressions  and  niethfxls  are  employe*  1 
to  d(*note  and  nieasui^  the  duration  of  liib,  a  problem  with  which  th& 
s^ricnc^^  of  vital  statistics  is  largely  eii^agwl.  One  of  the  m^kst  lalhi- 
eious  imhcations  of  loiigevitv  and  sanitary  condition  is  tlie  )fraii  <tge  at 
Dittth  or  Mr(tn  IJjdime^  which  is  tlje  sam  of  tlie  ages  at  death  ilivided 
by  tlie  number  of  deaths.  This  is  uni*eliablej  iHH-jinse  it  fluctuates  very 
widely,  ai'cordiug  to  ag*.^  distrihutioii ;  fnr  in  a  coinm unity  continninf; 
a  large  pro{M*rtion  of  children  and  in  which  the  hirth-ratc  and»  eonse- 
<|uently»  the  iniantile  mortality  are  high,  the  average  age  at  tleath  will 
be  h*\ver  than  in  another,  e(|ually  ht^lthy,  in  which  these  conditions  do 
not  obtain.  Hcnee^  it  enn  only  bi  emphiyeii  witli  any  degree  of  safety 
where  the  pojiulation  constitution  is  unifl^rnl  in  all  rcs|)eets,  and  when 
the  oliservatitins  are  ciirried  along  over  a  long  jKHaod.  The  mean  agt^ 
at  death,  not  of  a  tew  hnndrcHls  nr  thousands  of  individuals,  but  of  an 
entire  gt^nenition  i>f  population,  is  nec*cssary  to  show  acennitely  the 
mean  duration  of  liie,  and  this  Is  determined  only  by  means  of  life 
till  lies. 

Probable  Duration  of  Life  signitics  the  age  at  which  half  of  any  nnrn- 
l>er  of  child reu  lK)rn  will  liav*c  died,  so  that  they  have  etjual  chances  of 
dying  hclore  and  after  that  age.  It  is  also  calle*l  the  r/c  prfdniUe  and 
tXw  cfptalirm  fif  Life  ;  hut  all  of  these  terms  are  ilhi^iosen,  for  eveiy 
possible  duniti(»n  of  life  (jus  a  certain  probability,  whieli  miiy  l>e  deter- 
miui**!  by  life  hdjles. 

Mean  Duration  of  Life  is  another  ill-chosen  terra  with  w^hieh  the  last- 
mentioned  is  often  confoundtMl,  but  which  has  an  entirely  different 
meaning.  It  is  meant  tr>  cxja-ess  the  prtihable  dumtion  of  lite  fit*ni 
the  date  of  hiilh.  In  an  nrdinary  ])opulatioii,  suhjit^ted  to  tlie  usual 
disturbing  inHuences  of  mignition,  it  means  present  age  phi."^  the  prol>- 
able  length  of  life  after  passing  a  given  point,  and  is  callnl  commonly 
the  fjqm'fttimn  of  Uff  or  mfint  trfh  r-fff^ihitr.  It  is  a  teiin,  wlncli,  by 
reason  of  its  indefinitcness  and  hniscness  i>f  application,  it  won!d  W  well 
to  eliminah.*  altogether. 

Expectation  of  Life,  or  Mean  After-lifetline»  is  the  avenige  numl>er  of 
years  whir*h  an  individual  at  any  given  age  will  continue  to  live,  as 
shown  by  a  life  table.  As  ap|)licd  to  whole  communities,  it  is  the 
mtaiti  durati<m  of  life  of  a  gi'ucmtiou  of  individuals  from  birtli  to  death. 
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and  is  regarded  as  the  only  true  measure  of  the  health  of  entire  popu- 
lations. Like  others  which  have  gone  before,  it  is  an  unfortanate 
expression  tending  to  confusion.  "  The  term  does  not  imply  that  an 
individual  may  reasonably  expect  to  live  a  given  numi>er  of  yeare. 
The  excess  of  those  who  die  late  is  distributed  among  those  who  & 
early,  *  those  who  live  longer  enjoying  as  much  more  in  proportion  to 
their  number  as  those  who  fall  short  enjoy  less  of  life.'  Thus  the 
■expectation  of  life  has  no  relation  whatever  to  the  most  probable  life- 
time of  any  given  individual."     (Newsholme.) 

^^Expedation  of  life  is  an  incorrect  term  :  the  time  which  it  is  expedd 
a  person  will  live  is  the  time  which  it  is  an  even  chance  be  will  live ; 
it  is  the  vie  probable  of  the  French,  and  is  correctly  expressed  by 
'^probable  lifetime.'  The  after-lifetime  can  only  be  the  same  as  the 
probable  lifetime  on  Demoivre's  hypothesis — that  the  sur\'iving  fonn 
an  arithmetical  progression.  The  term  *  expecuition  of  life/  first  osed 
by  Demoivre,  is  correct,  on  that  supposition,  which  is,  however,  in 
itself  quite  erroneous.  The  idea  intended  to  be  expressed  by  *  expec- 
tation of  life '  is  the  mean  time  which  a  number  of  persons  at  any 
instant  of  age  will  live  after  that  instant :  it  is  the  French  vie  mojftwM; 
and  this  technical  idea  is  strictly  and  shortly  expressed  by  afterAiftUxkt^ 
a  pure  English  word,  formed  on  the  same  ansdogy  as  afUr-Ufej  aJUr- 
times,  after-agey  after-hours.  The  after-lifeHme  of  men  at  the  age  of  30 
is  33  years  by  the  English  Life  Table :  33  years  is  not  the  predae 
time  probably  that  anyone  of  that  age  will  live,  but  the  average 
time  that  a  number  of  men  of  that  age  will  live,  taken  one  with 
another.  Age  +  ofter-lifdime  =  Lifetime.  At  30  this  is  30  -f-  33  ==  63, 
the  average  age  which  men  now  aged  30  will  attiiin.  At  birth 
this  is  0  +  40  =  40 ;  when  lifetime  and  after-lifetime  are  the  same 
thin^. 

"  The  lifetime  simply,  without  the  addition  at  a  given  age,  will 
serve  to  express  in  one  word  what  is  impro|)erly  cjillod  the  expectation 
of  life  at  birth  ;  thus  the  lifetime  of  males  in  England  is  40  years,  the 
■lifetime  of  males  in  Manchester'  is  24  years.  Those  who,  from  habit, 
prefer  'expwtation  of  life,'  can  always  substitute  it  for  after-lifetime; 
from  the  use  of  which,  in  this  j>aj)er,  no  ambiguity  can  ari:?e." 
(Dr.  William  Farr,  Eighth  Annual  Rei>ort  of  the  Registrar-General, 
1>.  279.) 

Life  Tables. — A  life  table,  according  to  Dr.  Farr,  is  an  instnmient 
of  precision.  ^^  It  may  Ix^  ealhxl  a  biomeier,  for  it  gives  the  exact 
measure  of  the  duration  of  life  under  given  circumstances.  .  .  . 
A  life  table  repres(»iits  a  generation  of  men  |>assing  through  time  ;  and 
time  under  this  aspect,  dating  from  birth,  is  called  age.  In  the  first 
eoluinn  of  a  life  table,  age  is  expressed  in  yearSy  commencing  at  0 
(l)irtli),  and  ])roe(HNUng  to  100  or  110  years,  the  extreme  limit  of 
ohserve<l  lifetime." 

In  order  to  eonstruet  a  life  tjible,  it  is  essential  to  have,  as  material, 
a  kiiowh^l^e  of  the  size  of  the  population  and  its  age  and  sex  distribu- 
tion, and  the  returns  of  death  for  a  year,  or  a  series  of  years,  arranged 
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mcoording  to  age  at  death  and  sex  ;  and  for  tools,  certain  abstruse 
mathematical  formulse  which  it  is  hardly  necessary  to  consider  here. 
The  principle  upon  which  the  tables  are  based  is  that  if  a  large  number 
of  persons,  100,000,  for  instance,  born  at  the  same  time,  were  followed 
from  birth  to  the  grave,  and  their  deaths  recorded  in  the  usual  manner, 
the  average  age  lived  could  be  obtained  by  dividing  the  sum  of  their 
ages  at  death  by  their  original  number,  and  the  number  of  deaths  and 
of  survivors  at  each  period  would  be  known.  Another  lot  of  the  same 
size,  observed  elsewhere  and  living  under  different  conditions,  would 
give  different  results,  and  thus  the  influence  of  the  discrepant  conditions 
could  be  mea8ure<l. 

To  insure  as  great  accuracy  as  possible  in  constructing  life  tables,  it 
is  best  to  take  the  death  returns  for  the  entire  intercensal  period  of  five 
or  ten  years,  and  the  mean  population,  for  the  experience  of  a  single 
year  may  be  exceptional.  Tables  can  be  constructwl  comprising  each 
year  of  life  or  according  to  quinquennial  periods,  and  are  made  for  each 
Hex.  From  them  may  be  determined  the  pmbahle  proportion  of  a 
given  number  that  will  arrive  at  different  ages,  the  probability  of  living 
a  given  time  at  each  year  or  period  of  age,  the  mean  afler-lifetime  at 
the  end  of  any  given  year  or  period,  and  the  aggregate  future  lifetime 
of  the  survivors  at  the  end  of  each  year  or  age  period,  or  what  is 
known  as  the  life  caplUd  of  the  entire  community. 

The  probability  of  living  a  given  time  for  each  year  of  life  or  age 
period  equals  the  number  of  survivors  at  the  beginning,  into  the  num- 
ber at  the  end  of  the  year  or  period.  The  probable  number  of  sur- 
vivors at  each  year  or  period  is  obtiiinable  directly.  The  mean  after- 
lifetime  at  the  end  of  any  given  year  or  period  is  obtained  by  adding 
together  the  years  lived  by  the  whole  life-table  population  beyond  the 
year  or  |)eriod,  and  dividing  the  sum  by  the*  numl)er  of  survivors  at 
that  particular  time.  The  life  capital  of  a  community,  divided  by  the 
population,  gives  the  average  future  lifetime  ;  and  into  a  hundred  times 
the  population,  gives  the  percentage  of  annual  ex|xjnditure  of  life  capi- 
tal, since  the  mean  po|)ulation  equals  years  of  life  expended  in  a  year. 

For  further  information  concerning  this  branch  of  vital  statistics, 
and  for  further  consideration  of  statistical  methods,  values,  and  errors, 
the  reader  is  referred  to  the  many  standard  works  dealing  with  the 
subject. 


CHAPTER   XV. 

PERSONAL    HYGIENE. 

In  acWition  to  the  barriers  wliicli  public  hygiene  interpoi?cs  fori 
pmtectioD  of  the  health  of  communities  by  prt»teetiug  water  s^opptia 
disjMJsiii^  of  sewage  and   other  wastes,  excluding;    exotic  diseases  I 
means  oi"  quanintitU",  |)roviding  fur  is*Jatiun  of  eoniaiunicable  distfiifi 
destruyiu^  inlectioiis  matter  by  disiufei'tioiij  refjokting  the  conducts 
dangerous  oeeupatiuus,  providing  fur  the  iiisj»eetion  of  fenxls,  and  tlin»l 
ing  out  other  ^sjifeguai-ds,  the  individual  owes  it  to  himself  ami  to  1* 
conmuinity,  of  whieh   he  const i lutes  a  more  or  le>is  valuable  unit,t^ 
erect  sufh  otluT  barriers  for  liis  (iwn  protci:tion  as  he  can,  hy  dup  n*- 
gard  to  sui;li  habits  of  life  as  conduce  to  a  hiuilthy  existence.     It  is  bi^ 
duty  to  maintain  habits  of  pcrscmal   cleanliness,  to  regulate  his  did 
avoiding  all   excesses  in  eji ting  and  drinking  ;  to  pi-ottx^t  hiB  body  f 
suitable  clotliing  ;  to  take  sufficient  exercise  in  the  open  air ;  to  keqt  I 
system   in    [xTleit  working  order  throughout;    to  devote  a  .*fufficie 
pirt  of  eiicb  twenty-four  hours  to  neeilful  rest  of  mind  and  body; 
to  keep  his   immetliate  surroundings  in  as  ek^mly  a  state  as  fais  ^ 
person*     This  is  the  doraain  of  |)ersoiial  hygiene^ 

Section  1.     CAKE  OF  THE  PERSON. 

It  is  hardly  nccessar}^  to  impress  upon  intelligent  people  the  imp^ 
tancc  of  personal  cleanliness,  JVir  witti  such  it  is  a  matter  almost  of  in* 
stinct.      In   the  case  of  the  naturally  dirty,  the  attem|tt  to  educjitt* 
this  particular  is,  a.s  a  rule,  a  hof>eless  task,  and  w^ith  such^  tlie  niaiut^ 
nance  of  cleanliness  of  bcxly  and  surroundings  can  be  obtaiDed  only  I 
compulsion.     There  is  in  every  civilizetl  community  an  all-too-laij 
proportiim  of  irtsous  who  never  batlie,  and,  inileed,  regaixl  a  lisitli  ^ 
a  positi%^e  danger  to  bwdth^  as  every  physician  who  has  had  exf»€ 
ence  as  a  hiispital   interne  or  in  pmetice  among  the  ignorant  p»nr  ^ 
abundantly  testify. 

Biithing  is  of  imp)rtancc  t^*  health,  both  for  its  action  in  removid 
dirt  nnd  infectious  matter  of  external  origin,  and  for  it^  influence  , 
keeping  the  skin  free  from  waste  protlucts  of  the  system  and  in  n  eo 
dition  for  the  proper  exercise  of  its  natural  ftmctions  ;  for  the  skill 
one  of  the  most  imp<irtant  natural  defences. 

Baths,— By  an  arliitrary  divisi(»n  of  tem^M^ratures^  cold  baths 
thcisc  in  which  the  water  has  a  tempemture  below  65^  F.  ;  r«M»l, 
tween  65°  and  80"^ ;  t^Lpid,  between  80^  and  90^  ;  wann,  between 
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and  the  normal  temperature  r^f  the  IkkIv  ;  and  hot,  above  this  limit  as 

hip^h  as  the  systeni  eiiii  iK'ar.  ('old  I ki tiling  is  essentially  stimulant : 
the  eiilaneuus  ve^s^els  eontraet  at  once,  and  send  the  superficial  blood 
supply  inward  ;  the  respimtion  is  momentarily  ji^iisping  in  character,  and 
then  shnved  and  iuirreaseil  in  dejvlh.  The  whole  nervous  system  and 
all  of  the  menial  iVieulties  reeeive  an  immetliute  jmwertul  stinnduK 
The  pulse  is  somewhat  slowed.  On  emerging  t'roni  the  eold  wnter,  the 
ret^piratitin  and  pnlse  return  Ut  their  ntjrmal  niti>,  the  entaneous  vc^^sela 
relax  and  dilate,  and  the  ivtnrn  of  the  hlm»d  in  inereased  volume  to  thi! 
surface  gives  a  sensation  of  warmth,  whieh  is  inereastnl  by  the  pn3t5e88 
of  **  rubbing  down/^     This  is  ktmwo  as  the  **  norma]  reat'tion/' 

The  c*M  Ijath  is  taken  liest  in  a  tub  in  which  the  whole  IhrIv  may 
be  irututrstHl  ;  hut  in  default  of  the  necef^sary  means,  a  sjMUigi',  mtu- 
rdUnl  with  water,  a|>plied  re|KiitCHlly  ti*  the  various  parts  and  sqneezeil 
out,  f<irms  a  <lesirable  substitute.  A  sht»wer  liatli  is  iK'tter  still,  espe- 
cially one  admitting  «if  regnlatiini  of  the  tem|KTatui"e. 

The  pnjjier  time  for  eohl  bathing  is  on  rising  in  the  morning;  never 
on  retiring  ft>r  the  night,  ('old  Imths  should  not  hv  taken  by  those 
a<lvanci'<l  in  y€»ars,  in  whom  the  art^'ries  are  atheromatous,  nt»r  by  those 
with  abnornuil  circulation,  who  do  nnt  fpiickiy  react. 

Not  the  least  in  importiince  of  the  etlects  of  eold  bathitig  is  the  im- 
munity which  its  devotees  ap|K^r  to  cnjt>y  agairjst  taking  eohh  Many 
of  those  whc»  jvractis*'  cold  bathing  the  yt*air  round  have  no  cxiiertence 
whatever  with  cfJds,  and  (*an  witlistaiid  exposure  wliieh,  to  others,  is 
prcMluctive  of  nnich  illness. 

In  se4L  bathing,  the  element  of  enjoyment  luis  a  n*ost  important  in- 
fluene*^  The  siilts  are  commonly  supposed  to  be  the  chief  souree  of 
iM'nefit,  and,  in  cousenuenc*"  of  this  In^lief,  miuiy  jHTSfiris  are  in  the 
habit  of  dissolving  in  their  daily  bath  in  the  ln)Usclicihl  a  qnantity  of 
more  l^r  less  dirty  Tuaterial,  sold  at  a  price  whii'h  insiirr^s  at  leant  a  fair 
pef*nniary  return,  and  knt»wu  as  sea  sidt.  Tlie  iuHuenee  of  the  salts 
e<Hitaine<l  in  si^i  water  is  nlf,  and  the  benefits  of  sea  fKithing  are 
the  result  nf  the  physiological  action  of  n)ld,  the  iittendant  exercise  of 
*i\vimming,  tlie  |inre  air,  the  absents  of  tlornestie  and  business  eaivs  (if 
on  vaejitiim),  and  the  scnst^  of  enjoyment. 

Warm  and  hi>t  bathing  cause  dihitation  of  the  eutam*ons  vessels 
and  more  or  less  jnvituse  [KTspimtion.  Re^piralion  and  pnlse  an* 
inetH-ased  in  fref]ucney,  and  a  genend  southing  cHV'4't  is  pinMluirch  Hot 
bfithing  is  a  most  grateful  means  i>f  reducing  sori'm^sn  nf  the  nniH^les 
after  violent  exereij^*  aiid  a  valuable  nssistant  in  the  treatment  of 
insomnia.  For  purposes  cd"  [x^rsonal  cleanliness,  warm  and  hot  l)aths 
are  miu*c  suit^nl  fhau  coK!,  since  they  ran  Ik*  borne  k»ngcr  witlt  cr>ndi>rt, 
and  tlie  relaxation  of  tht*  skin  which  tliey  indnee  is  more  favoralde  to 
<'<*mplete  removal  of  tlie  atlhcrcnt  matters. 

If  meims  for  etimplete  bathing  art*  not  at  hand,  the  individual  should 
in  any  event  give  daily  attentimi  to  careful  cleansing  of  the  axilhe, 
gnuns,  genitals,  and  feet,  a,s  well  as  of  the  hands  and  face. 
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Section  2.    REGULATION  OF  THE  DIET.  i 

It  is  obviously  impossible  to  formulate  any  system  of  rules,  applic- 
able to  all  classes,  for  the  selection  of  diet  and  the  r^ulation  of  hoiiK 
with  reference  to  the  daily  duties  of  life,  but  general  rules  conoerDing 
some  aspects  of  the  question  may  be  laid  down.  The  suggestion  rf 
light  breakfasts,  somewhat  more  substantial  luncheons,  and  hearty  din- 
ners at  close  of  day,  with  periods  of  mental  and  physical  rest  after  each 
meal,  is  easy  to  make ;  but  the  busy  lives  which  the  great  majority  of 
the  population  lead,  and  the  widely  different  conditions  of  life  and  oe- 
<3upation,  make  its  general  acceptance  and  adoption  quite  beyond  the 
bounds  of  possibility.  It  is  a  common  habit  of  writers  on  personal 
hygiene  to  compose  menus  for  the  several  daily  meals,  to  surest  the 
amount  of  time  which  should  be  devoted  to  the  consumption  of  each, 
and  to  recommend  the  avoidance  of  physical  or  mental  labor  for  vm- 
ing  periods  before  and  after  each  meal,  in  order  that  the  digestive  appa- 
ratus may  proceed  with  its  work  under  the  most  favorable  conditions 
for  its  uninterrupted  completion. 

The  adoption  of  most  of  such  recommendations,  however,  presup- 
poses a  curious  state  of  the  conditions  of  life,  including  an  absence  of 
any  marked  preferences  in  the  matter  of  articles  of  diet,  a  complete 
mastery  of  one's  time  without  reference  to  the  demands  of  occujiation, 
and  pecuniar}'  nidej^endence. 

General  rules  may  be  offered  to  the  effect  that  the  diet  should  con- 
sist of  wholesome  articles  of  food  ;  that  these  should  be  consumed  in 
sufficient,  but  not  excessive,  amounts ;  that  they  should  not  be  hur- 
riedly bolted  ;  and  that  as  much  time  as  is  consistent  with  the  needs 
of  onc^s  occupation  should  Ix*  allowed  after  each  meal,  lx»fore  proceed- 
ing to  a  continuance  of  work.  Obviously,  in  these  jiarticulars  each 
person  must  be  a  law  unto  himself,  and  the  grcjiter  the  observance  (»f 
general  hygienic  principles,  the  better  the  jihysical  and  mental  well- 
being. 

Section  3.    REST  AND  RECREATION. 

For  the  repair  of  the  daily  wear  and  tear  of  a  busy  life,  a  reasonable 
perio<l  of  rest  of  body  and  mind  is  indisj>ensable.  Nervous  and  mental 
breakdown  result  from  overwork  and  absence  of  recn*ation,  but  it  i^i 
impossible  to  make  any  rule  as  to  what  may  be  regarded  as  a  safe  limit 
of  the  amount  of  work  which  may  be  ]>ei*fornKHl.  Monotony  of  life  i?s 
perha])s,  as  potent  a  factor  in  mental  breakdown  as  overwork,  as  is 
evidenced  by  statistics  showing  the  high  {percentage  of  insanity  among 
farmers  and  farmers'  wives  in  spai'sely  settled  districts.  Mental  worn% 
also,  is  far  more  potent  than  mere  mental  activity  in  aiusing  physical 
and  mental  degeneration.  Recreation  is  a  most  imj)ortant  ivmedy, 
therefore,  for  the  prevention  of  monotony  and  worr}'. 

It  is  impossible  to  lay  down  any  rule,  governing  the  amount  of  sleep, 
that  can  apply  to  all  |>ersons  indifferently,  since  active  minds  may  neetl 
much  less  than   what  commonly  is  regarded  as  a  minimum  general 
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requirement,  and  persons  of  conspicuously  low  mental  capacity  may  re- 
quire much  more.  It  is  generally  accepted,  however,  that  for  the  reimir 
of  waste,  the  average  man  needs  to  i>ass  at  least  one-third  of  his  time, 
namely,  eight  hours  a  day,  in  sleep. 

Section  4.    PH7SICAL  EXERCISE. 

It  is  essential  to  the  maintenance  of  a  completely  ht»althy  condition 
that  a  well-nourished  body  sliall  be  exercised  proi)erly  in  all  its  parta 
The  muscular  effort  involved  in  what  we  designate  as  physical  exercise 
and  in  the  pursuit  of  certain  callings  which  necessitate  bodily  activity 
affects  not  alone  the  geneml  musculature,  but  all  the  organs  of  the  body 
as  well ;  the  heart,  the  lungs,  the  digestive  apparatus,  the  skin,  the 
kidneys,  the  brain,  and,  in  short,  every  part.  The  heart  and  lungs 
being  stimulated  to  increased  action,  an  increased  supply  of  oxygenated 
blood  is  sent  to  every  jmrt,  bringing  with  it  the  essentials  to  full  nutri- 
tion and  conveying  to  the  eliminative  channels  the  ultimate  products 
of  metamorphosis.  The  special  stimuli  of  the  various  organs  are 
excited,  and  thus  the  several  functions  are  maintained  in  a  normal  state 
of  activity. 

In  order  to  gain  a  full  appreciation  of  the  benefits  of  physical  exer- 
cise, one  needs  but  to  comi^re  the  rugged  condition  of  the  well-nour- 
ished laborer  in  the  fields  or  of  the  student  or  man  of  business,  who, 
in  the  intervals  away  from  his  daily  work,  seeks  recreation  in  outdoor 
exercise  or  indoor  gymnastics,  with  that  of  the  i)ent-up,  sedentary 
operative  or  the  indolent  seeker  after  pleasurt»s  involving  inaction. 
Whether  the  work  of  tKe  individual  l)e  that  of  the  hands  or  brain,  it 
is  sustaineil  better,  if  the  system  is  kept  active  in  all  its  functions  and 
parts. 

Effects  of  Active  Exercise. 

Circulation  and  Respiration. — Muscular  effort  causes  the  heart  to 
beat  more  rapidly  and  with  grejiter  force,  so  that  more  blood  is  sent 
through  the  lungs  and  all  pirts  of  the  bo<ly,  including  the  substance  of 
the  heart  itself.  Unless  the  exercise  is  excessive  in  duration  or  violence, 
the  increased  action  is  regular  and  equal,  and  cx^ssation  of  the  exercise 
is  followed  by  gradual  slowing,  until  the  rjite  is  b<»low  the  normal ; 
and  then  by  return  to  the  natural  mU\  With  excess  of  muscular 
effort,  the  pulse  becomes  quick,  small,  and,  often,  more  or  less  irregular, 
and  even  during  the  fall  in  rate  in  the  interval  of  rest,  it  may  lx»  inter- 
mittent. Excessive  rapidity,  irregularity  in  pulsiition,  and  imHiuality 
of  volume  are  indicative  of  the  nc^-essity  of  rest  and  of  danger  from 
continuance. 

The  increase^  in  the  pulmonary  circulation  is  accompanied  by  increase 
in  respiratory  action,  so  that  a  larger  volume  of  bloo<l  is  forceil  through 
the  lungs  and  comes  in  contact  with  an  increased  air  supply,  from 
which  it  receives  the  necessar}'  increase  in  oxygen  for  conveyance  to 
the  tissues,  and  to  which  it  gives  up  its  carl)on  dioxide,  aqueous  vapor, 
and  other  waste  products,  for  removal  from  the*  body.     Acconling  to 
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the  researches  of  Pettoa kilter  uiu'l  V<>it,  the  oxygen  abtiorbed  dttrin| 
un  tmlinan'  working  day,  with  tlie  usual  interval  for  rest,  i&  aln^ul  on*^ 
third  jj^reater  in  anifniut  than  during  a  day  of  inaction,  and  the  caiiwo 
*lioxide  {»r*Hlue*'d  and  eliininatt^l  is  inrreaseil  about  twtHfifths.  Duriof 
exet*tion»  the  aetion  of  the  ehest  should  he  im[>edecl  as  little  aj*  posniliW 
by  tightly  fitting  elothiug  anil  other  re^trietion.s, 

Exe<.'s.sive  exercise  ciiuses  laboreil  breathing  and  sighing,  which  are 
indi*'ations  that  the  knjgs  are  u>n  much  tM)ugt*sted,  and  that  l^  i 
required. 

Continued  excessive  exerci:;^?  may  bring  abmit  f)alpitation,  dilaiatl* 
hypertrophy,  a od  even  valvnlar  h^sions  <if  tin-  heart,  aiul  conge:?tion 
the  king?<,  acconipani«l,  sometimes,  by  hicmuptysis.      Sudden  unu^n 
effort   may   cause   ruj>tui"e  ur  i»ther   injim'   of  the   hloixl- vessels 
rarely,  even  ru]»ture  of  the  Jieait. 

Deficient  exercise  favors  weakening  of  the  heart's  action,  dilatati 
and  fatty  degt'nenition  ;  and  in  those  with  iuheritetl  j»retlis]iii?;ition,  li 
pn^paratiou  of  suitable   soil    for  the  rcee]ition  and  development  i>i 
organism  of  tuberculosis. 

Skin, — In   consequenci*  i>f  the   increast^l  l>lood  supply  sent  thnmgli 
the  cntaueous  vessels,  the  latter  dilute  and  the  skin  beci>mes  reddeiK 
Heut  is  brought  from   the  interior  of  ihc  ImhIv  and  nidiatetl  fmni  ibe 
surlaet%  and  a  farther  ciMiliug  effect  is  causes!  by  the  evujxiration  of  tlvr 
swmt  which   is  jxaired  out   by  the  sweat  glauils.     Thus  the  exttrsitot' 
heat   jiroductHl  in   the  system  through  exetvise  of  its  various  |«rt'^  t* 
diminated  and  the   l>ody  teni|ieniture  kept   in  a   state  of  ecjutlihriiuu. 
The  aOHiurit  of  water  given  off  liy  the  Itnigs  jjnd  skin  during  a  (Jay  *i 
avcnigc  work  was  shown   h\  IVttetikol'er  aufi  Voit  to  l>e  nearly  t 
and  a  half  that  eliniinateil  during  tlie  same  j>erii»d  of  rest- 

With   the  water  of  the  swtnit,  the  IwHly  lo,s<'s  salts,  especially  8odii 
ehloride,  and  fatty  ac*i<ls  and  other  orgiinie  substauets. 

During  exercise,  while  the  skin  is  a<"tive»  theiv  is  little  tlangt^r  m 
chilly  even  tliougb  tlie  skin  l)e  liglitly  tMivertnl  or  even  exjxiswi  ;  Imt 
sm>n  as  the  Ix^ly  rests,  the  tem|Mn-atnre  falls,  and  sweating  and  evaji 
ration  Hmtinue,  so  that  it  is  inijiortant  U\  pi-otcct  the  IxkIv  agiiinst  sU( 
den  chw'kiug  of  the  skin\s  articm  and  ehilling  <if  the  snriacw  This 
draie  lM^st  by  means  uf  eluthing  of  luw  heat  et»ndnctivity,  preferal 
W(H»llen. 

With  normal  action  of  the  skiu,  the  biKly  tenipeniture  remains  fail 
entistant,  the   lieat  4if  the   bliHwl,  even   during   most    vicdenl    exerei! 
ninly  rising   nuieh   more   than   a  dt^grct^   Fahrenheit  above  the  iiom] 
During  work,  a  deeidiHl  rise  in  temperature   intlict»tes  lessened  eva 
ratifju  from  the  skin  antl  pirnts  to  iwissible  ilanger  from  heat   a{K»plc 

Nervous  System, — It  is  a  eonimon  belief  tliat  exercise  has  no  effc 
in   increasing   tlic   powers  of  the   mind,  tliis   belief*  iH'ing  baseil  on  tW 
supj)ositi«in   that   the  greater  cxjM'iiditun'  of  nervous  energy  called  for 
in  the  exereise  t»f  tlie  muscles  is  upjXKstHi  t<i  intellectual  developmental 
aecomjilishment.      In   sup|>ort  of  the   idea   that   great   muscnlar  [k>W^^ 
and  exertion  are  incompatible  with  marked  mental  attainments,  tlie 
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fact  is  often  dtM  thut  tniim*(l  iitlilcU*^,  a.s  pit^illst^*  and  wrestlers,  are 
i^insjricuoiisly  .stupid.  But  adniirtinj^  lliat  this  fs  tmt\  it  riiay  also  be 
siiid  that  these  (M^rsniis  are  stupid  iu  s|iit4.'  of  rather  than  Ix^'ause  of 
thi'ir  physiad  deveh>[»menl  and  training;  and  the  faet  may  Ix*  p<iintiHi 
*>nt  that  in  our  sehools  antl  eciHe^es  tlie  ehoseu  addetit*  r4'presenbiti%*es 
mnk^  as  a  c^asn,  ev*'n  hijjjher  tlian  th«*  average  ut'  their  nou^athh-tie 
Urethreu.  Iiitelh^^tnal  al>iHty  is  hieompatihle  with  tlie  embmeiug  of 
pngilisni  as  a  ealliug,  but  is  qui*e  consistent  with  a  liigh  degree  of 
physieal  peri'eetion  and  bcxlily  exercise.  Fiirtherinore,  a  reasonable 
fb'grw  of  aetivity  ap]x*ars  to  be  ne(*essary  to  the  [MTiVjnuaiiee  of  men- 
tal lal><»r,  for  witiiour  [>roper  uutritiou  and  exen-ise  of  the  system,  the 
nerves  and  nerve  eenters  must  sutler  with  other  jmrt.s,  even  iw  they 
must  sliare  in  the  lR*netits  of  healthy  and  vigonjns  living. 

One  jmrt  of  tlie  general  sysUim  cannot  monopolize  the  benefits  of 
tniining:  the  niuseh's,  for  example,  ninniit  Iw  traimnl  withont  the  [mr- 
lieifiation  of  the  nervous  system  in  thi*  g«>od  results^  nor,  on  the  other 
han*l»  can  they  he  abuseil  withont  injury  to  other  jKirt^s  as  well,  for 
motor  activity  is  the  result  of  nervous  energy,  and  all  fatigue  is  nerv- 
ous fatigue.  As  evideniM?  i>f  the  lK*neficial  intiuenw  of  exercise  on 
the  nerves  may  be  eiii-tl  the  grwitcr  rcadinesi*  with  which  trained  mus- 
eh's  respond  to  volition. 

Deficient  exereise  is  a  common  caune  of  mt^rbitl  excitability,  mani- 
ft*st€Hi  hy  irritability  of  temjter,  s<'nsiti%'ene8s,  and  that  form  f>f  ne^von^i 
unrest  eomnionly  kni>wn  as  fidgets. 

Digestive  Apparatus. — The  gn-at  inerouse  in  the  exeretitin  of  car- 
bon dioxide  antl  in  general  cellular  activity  ejiusei^  a  deniau<l  ftir  foot!, 
and  the  ajipetite  is  ineretised^  esj>et*LilIy  for  pmteid  miittt'r  ami  fats, 
r>igestion  in  assisted,  and  absor|>tion  is  hasteiieih  The  volume  of  the 
exeret;!  is  lessened  liy  rrasfin  of  a  diininishe^l  content  c»f  \vat4*r,  dne  to 
iiiereas4/d  elirrn'uatioo  tlinMigh  the  skin  antl  lungs,  I jiick  of  exercise.  i»n 
tlie  otliir  hand,  tends  to  diminish  ap[>etite  and  the  pt^wcrs  of  digestion^ 

Kidneys. — The  amonnt  of  urine  is  lesseufMl  by  reason  of  increiused 
\*v^<  of  water  tlirotigh  the  skin  and  lungs.  The  inorganic  salts  an*  corn- 
n»only  iricrwLHitl,  botli  relativt*ly  and  ai»s(Jntely.  Un^a  is  not  in«'reiisi*dj 
and  may  even  Ik*  tliminisluMb  as  >hown  by  Pettenkoier  and  Voit,  in 
wdiieh  ttm%  a  more  tliau  corn]K^nsatr»ry  increase  iMx-nrs  dnriug  the  inter- 
val of  rvM, 

Effect  of  Exercise  on  Weight.-^Tlie  etfrct  of  systematic  regnlar 
exen'ise  ori  w<'iglit  is  by  no  means  eonstaut,  l>ut  is  iuHuenciHl  by  the 
oindition  of  the  bwly  iu  the  Ix'ginniug,  and  by  the  amonnt  and  variety 
of  the  f(»od  ingestcnl.  Many  ]>ersons  shortly  after  beginning  a  course 
of  training  fiir  the  rethictitm  i)f  weight  or,  int»re  eorrwtly,  of  size,  fmd 
that  a  redui'tion  in  girtli  is  aeeomfwiuied  by  an  increase  nitlirr  than  a 
diudfnition  in  weight.  This  means  simply  that  the  system  has  drawn 
ii|Km  it'*  stored  fat  tVir  iuel,  this  fat  Ijeing  mont  conspicnonsly  plact^d 
iti  the  vicinity  of  thi"  waist  line,  ami  has  btuU  up  tissues  elsewhere  for 
the  inermstHl  w*>rk  f»f  nn>ving  the  various  levers  of  t!ie  IxKly.  This  in- 
crease  has  it*^  limitations,  and   wiirn  the  maxinnmi  has  bt*t*n   reached. 
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the  fall  in  weight,  due  to  utilization  of  surplus  fat,  may  oontiniie  antS 
a  point  is  reached  when  the  curve  of  weight  approximates  a  horizontal 
line,  and  the  person  may  be  said  to  be  in  {)erfect  physical  eonditioo. 
The  marked  losses  in  weight  which  occur  (luring  violent  exercifte  are 
soon  counterbalanced  by  ingestion  and  absorption  of  food  and  drinL 

Amount  of  Exercise  Squired.— Since,  in  the  ordinary  routine  of 
life,  a  considerable  and  varying  amount  of  physical  work  is  performed, 
it  is  impossible  to  fix  any  rule  concerning  the  exact  daily  amount  of 
exercise  which  a  healthy  normal  adult  should  take.  With  theva>t 
majority  of  i)ersons,  all  the  exercise  needed  is  taken  as  an  inseparable 
element  of  their  r^^ular  occupation,  and  any  additional  work  is  per- 
formed as  a  means  of  recreation.  On  no  other  ground  can  be  explained, 
for  example,  the  evening  bicycle  ride  of  the  letter-carrier  after  the 
monotony  of  his  daily  rounds  on  foot,  or  the  game  of  ball  begun  at  the 
close  of  the  day's  work  by  the  hands  from  the  mill  or  foundry. 

A  fair  day^s  work  for  an  adult  may  be  said  to  be  equivalent  to  aboat 
300  foot-tons,  a  hard  day's  work  to  400,  and  a  very  hard  day's  work 
to  500  foot-tons.  The  latter  is  about  the  amount  of  work  perfoinifd 
by  a  soldier  of  average  weight  marching  at  ease  with  his  kit  twenty 
miles  over  a  level  surface  at  the  rate  of  three  miles  an  hour. 

It  has  been  reckoned  by  Haughton  that,  in  walking  on  the  flat,  one 
performs  an  aigggrfil  of  work  equivalent  to  raising  a  certain  proportion 
of  his  weigh^Hurough  the  distance  travelled,  the  proportion  vaiyii^ 
according  to  l^feed.  The  work  performed  is  reckoned  by  the  fol- 
lowing formuLK 

^N^m^-[-  irpX-P  X  C=  number  of  foot-tons. 
\       2240 

1'  *'  W      =  weight  of  tlie  person. 

IP     =  weight  t-arried. 
J)       =  distance  in  feet. 


I      '^  .7  2240  --  number  of  pounds  in  a  long  ton. 

%\    •      y*  C        —  coefficient  of  traction. 

The  (Mwffi^ients  of  traction,  as  determined  by  Haughton  for  diffeivnt 
nite.s  of  .sjwwl,  are  as  follows : 

MiU'8  IH.T  hour.  '                                                                                                  Coefficient. 
'■''' ^27 

■»*5-' T^O 

'"••^'' •• ik 

From  these,  the  coefficients  for  any  rate  may  be  determined.  For 
two,  three,  four,  and  five  miles  per  hour,  they  are  approximately 
ttV,  -:}^,  -^^  and  ^;f,  re8{iectively.  Thus,  a  man  weighing  175  poumls 
walking  10  miles  at  the  rate  of  4  miles  per  hour  and  carrying  2') 
pounds,  would,  aecording  to  the  formula,  do  nearly  300  foot-tons  of 
work — 

^175-t-25)X52,800       _1_  _  295  25 
2240  ^  16 
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In  a8cending  a  height,  a  man  ]ift«  his  entire  weight  through  the 
vertical  distance  travelled.  Thus,  the  same  man,  carrying  the  same 
weight,  climbing  six  flights  in  an  ordinary  office  building,  would  do 
about  8  foot-tons  of  work,  reckoning  the  distance  climbed  as  90  feet. 

For  those  who  do  no  regular,  ordinary  physical  labor,  it  has  been 
estimated  by  different  authorities  that  exercise  equivalent  to  from  100 
to  150  foot-tons  is  sufficient  for  the  maintenance  of  a  fair  state  of 
health.  But  this  should  not  be  pushed  to  the  extent  of  being  exhaust- 
ing or  irksome.  When,  in  the  course  of  exercise,  the  body  begins  to  be 
&tigued  or  the  heart  and  respiration  to  be  embarrassed,  rest  is  required ; 
for  excessive  exercise  confers  no  benefit.  Severe  prolonged  exercise 
may  cause  dilatation  of  the  heart,  aneurysm,  and  respiratory  disorders. 

Kinds  of  Exercise. — Exercise  as  a  hygienic  measure  may  be  divided 
into  outdoor  work,  including  walking,  riding,  and  athletic  S{K)rts,  and 
indoor  work,  or  systematic  gymnastic  exercises.  The  former,  preferred 
by  all  English-speaking  people,  are  carried  on  under  far  more  healthy 
conditions  and  bring  with  them  a  much  greater  measure  of  enjoyment 
than  the  latter,  which  are  preferred  on  the  Continent,  more  especially 
by  Swedes  and  Germans.  Indoor  work  in  the  gymnasium  is,  as  a 
rule,  purely  work,  without  the  element  of  pleasure  either  in  anticipation 
or  during  its  continuance,  and  is  performed  as  a  serious  duty.  It  is 
carried  out  from  day  to  day  for  a  longer  period,  if  done  in  company 
with  others,  as  in  a  class ;  in  which  case,  emulation  may  stand  in  the 
place  of  actual  enjoyment.  But  ordinary  indoor  exercise  with  Indian 
clubs,  dumb-bells,  chest-weights,  and  similar  appliances,  carried  on 
alone  in  one's  room,  is  usually  most  unsatisfactory  in  its  results. 

There  are  some,  doubtless,  who  r^ularly  take  a  certain  amount  of 
this  class  of  exercise,  enjoy  it,  and  profit  by  it ;  but,  commonly,  the 
enthusiasm  which  attends  the  purchase  of  the  appliances  declines  in  a 
marked  decree  by  the  end  of  the  third  or  fourth  day  of  use,  and  has 
disappeared  in  a  week.  Soon  the  exercise,  simply  a  duty,  develops 
into  a  bore,  for  the  monotony  of  this  kind  of  work,  into  which  no 
sense  of  achievement  enters,  except  that  from  the  accomplishment  of 
a  wearisome  round  of  strokes  measured  by  hundnnis,  produces  a  dis- 
taste ;  and  soon  the  work  becomes  spasmodic,  the  intervals  growing 
longer  and  longer,  and  finally  is  abandoned  completely. 

Ck)lf. — This  exceedingly  jwpular  gjmie  appears  to  be  an  idwil  form 
of  exercise  for  all  ages  above  early  childhood,  and  particularly  for  those 
whose  lives  are  essentially  sedentiiry  or  whose  age  precludes  them 
from  following  the  more  violent  games.  The  amount  of  work  |K»r- 
formed  in  going  once  over  a  course  is  very  considerable,  but  it  is  done 
in  such  a  way  and  under  such  surroundings,  with  ever-changing  scene, 
that,  at  the  time,  it  is  hardly  appreciated.  The  mind  is  pleasantly 
engaged  in  speculation  as  to  the  i)<)ssibility  of  achieving  certain  result'^, 
and  is  filled  with  pleasurable  emotions  when  the  effort  is  crowned  with 
success ;  the  body  is  gently  exerciscKl  in  all  its  parts  by  a  form  of  work 
performed  because  it  is  so  essentially  a  means  of  enjoyment    It  cannot 
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he  abuHcnl  as  are  so  many  other  sports,  and  there  i.s  no  neeessitT 
<|uick  and  violent   action,  as  in  tennis  and  footbalK 

Wheeling.— Wheeling  involves  \Qvy  larg^'ly  the  entire  mtiscuW  sys- 
tem, iind  bringp^  into  ptay  groups  of  muscles,  the  existenee  of  whirf 
has  not  before  been  iippreciated  by  tlie  iM^ginner.  With  the  wliwl,t»i 
n^ay  take  any  desired  amount  of  gentle,  mixk^mte,  or  violent  exe 
It  gives  a  const^uit  eliangi'  oi'  scene  and  the  pleasurable  sense  of  inolio 
b«)tli  of  which  jire  of  value  to  the  tirt^l  mind.  It  is  not  the  partic 
form  of  niusenlar  exerticin  that  is  the  incentive  to  long  exercise  on  1 
wheels  but  the  pletisure  which  it  gives  ;  for  no  more  monotonous  exen 
ean  Iw  (levise<l  tlwu  riding  a  statiotiary  bicycle  in  a  gymnasium,  wIjH 
on  the  other  hand,  many  who  would  regsird  an  errand,  invohin^  i 
walk  of  a  mile,  as  a  hardship,  will,  without  demur,  wheel  five  tin 
that  distant*e  for  the  name  end. 

Tennis,  etc, — Tennis,  footballj  baseball,  and  other  outdt^or  sportiii 
comiianitively  violent  for  the  miijority  of  iK?o]>le.  They  liriii^  f^ 
whole  body  into  act  ion  and  are  valuable,  if  not  pushed  too  far*  Tliin* 
do  not  admit  of  varying  the  iniee  aeeonling  to  the  fatigue  of  individ 
players,  in  which  respet^t  golf  and  wheeling  j>08sess  an  advantage. 

Bowing  is  also  a  very  iiealthful  form  of  exercise,  but  the  violent  exi 
tioo  required  in  the  sustaintHl  eftbrt  of  racing  is  not  always  a  benefit 


Section  5.     CLOTHING. 

The  objects  of  clothing  are,  aside  from  motives  of  decency,  to  | 
tect  the  bfNly  from  the  sur/s  rays  in  hot  weather,  fmm  the  chill injr 
influence  of  winds  in  all  weathers,  from  niin  and  other  forms  of  flt^^ 
and  from  meehanieal  and  other  external  fujunes  and  discomforts ;  |^| 
eonserve   the    bmly    tem]K'rature   and    prevent    intcrfer<*uee   with  tbe 

DiUund  fnnr'lioos  of  the  skin  ;  ami,  linally,  U*  adorn  the  ]KTSon,     TW 

proper  I'uliilnient  of  these  various  object*)  is  deiM'ndent  upon  the  natitl 
of  the  materialj  the  loos<^uess  of  its  texture,  its  color,  its  hygroseopici^ 
and  heat  eonductivity,  and  its  special  adaptability  to  some  jiartieuli 
purpose. 

Color,— The  heat  of  the  sun's  rays  is  absorbed  to  the  gr*»atest  extd 
by  black  materials,  and  least  by  w^hite.     Next  to  black  come  the  d 
shades  of  blue,  and  then,  in  orfler,  green,  red,  and  yelloM\      Heat; 
nHcct<Hl  most  by  wiiiti%  and  then,  in  imler,  the  light  shades  of  vello 
r(*<l,  green,  and  1*1  ae.      The  eoh>r  of  undergo rmi-nts  {^not  exposed  to  J 
rays  of  tlu^  sun)  cxercisi-s  no  inllueuee  wluitever. 

Texture. — The  IfK^ser  the  texture,  the  gre^iter  the  amount  of  air^ 
till*  interstices  ;  unci  air  l>eing  a  very  poor  lirat  eonduetor,  otln^r  thil 
being  c<juat,  a   loosely   woven   fabric  prevents   hiss  of  biwly   ju^t   iii-lL 
still   air   more  thnn   one  of  closer  texture.     Thus    it   is   that  a  ihill, 
loosely  woven  garment  *tf  woollen   is  warmer  to  the  body  in  a  st 
cold  atmosphere  than  jin  efjual  amouut  of  closely  woven  material  < 
the  sjmie  or  other  kinds.     The  sa!ne  result  is  attaimxl  by  wearing 
number  of  gtirments,  one  over  anuther,  so  that,  having  layers  of  omi* 
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ftir  Iwtween,  they  act  in   the  sjirne  way  as  double  windows  on  a 
The   value  of  tiirs  as  i-ruisiTvatiirs  i>f  lu-at   is   Isirj^i^ly  due  to 
le  amouTit  of  uir  retaiueil  bt't\vtH»n  the  individual  liairs. 

Im[K!rmtinhle  materials,  hein^  abseil utely  wiud-pn)*)f,  antl  lieuee  jwr- 
niittiu^  no  iiatunil  veutilutiou  through  their  .substauw,  are  very  wanu, 
but  have  serituis  disadvantages,  the  most  iniportant  of  which  is  the 
reteutiou  of  the  traospirwl  moisture  of  the  Ij^nly,  whieh  eolWts  on  the 
^^uriUee  and  is  ahsurbeti  ouly  in  [lart  by  the  clothiug  next  thereto. 
Against  rain  and  cold  winds,  inijH'mK^iible  materials  atfbrtl  very  great 
,proteetio[i.  Winds  act  in  two  ways  U}  eliill  tlie  IkmIv  :  by  constant 
'reDioval  of  the  air  in  eoiitai*t  with  the  l>ody  and  waruHHl  by  reasiui  of 
rcontact,  antl  by  hastening  evajioration  ot*  the  moisture  within  the  sub- 
nStanee  of  the  eh^thing. 

!  Heat  Conductivity: — Materials  var>^  widely  in  their  power  of  heat 
conduftion.  Among  the  textiles,  linen  and  eotton  are  by  fur  the  best 
conductors,  and  wool  tlie  poorest;  but  since  tlie  couduetivity  of  a  gar- 
ment  in  governed  mainly  by  the  looseness  of  texture,  it  ibllows  that 
the  sarae  amount  of  a  good  conduct*>r,  loosely  woven,  may  be  warmer 
than  wool  woven  very  closely.  But  the  fabrics  made  of  the  Ix^st  eon- 
dnetors  are  eominonly  very  closely  wuveiij  and  of  wool  are  ot'  varying 
<legre<'S  of  looseness. 

Hygroscopicity. — Fal)ri<^s  lioUl  moisture  in  two  ways:  first,  by 
retaining  it  in  the  interstices  between  the  libel's  ;  and,  seccuully,  by 
Absorptic»n  ilireetly  into  the  substarice  of  the  libers.  The  moisture 
held  in  the  interstifTS  gives  the  scns;ition  of  dampness  or  wetness,  and 
may  lye  largely  removtHl  by  pressure,  as  in  \^Tinging  ;  that  absorbtHi 
intfi  the  iil>er  may  be  very  large  in  amount  witliout  giving  any  sen- 
sation of  dampness,  and  it  t^intiot  be  ex[>elled  l>y  pressure*  The 
latter  is  known  as  liygrosco|)ic  moisture. 

Materials  of  animal  cirigin  an^  more  hygroscopic  than  those  from  the 
Mjgetablc  world,  and  while  they  absorb  wat-er  readily,  they  [wnt  with 
it  more  slowly  by  evaporation,  Tims  it  hapjiens  that  a  pc*rson,  sweat- 
ing to  the  same  extt^nt  an<l  under  the  same  general  conditions,  feels 
less  HMisalion  of  chill  on  resting  from  his  exercise  ov  work  when 
<Tlotlied  in  woollen,  than  when  his  dress  is  linen  or  cotton.  In  the* 
Jatt-er  instance,  the  moisture  is  held  more  largely  in  the  interstiees, 
and  the  giirnient  may  \w  distinctly  wet,  and  then  adheres  to  th<'  skin, 
which,  as  evaporation  proceeds,  l>ecomcs  chilled  tiu'ough  rapid  abstrac- 
tion of  tiic  hc*at  R^qnire^l  in  tire  [irocess  ;  wheretLS,  in  the  ftu'mer,  the 
evHpirution  is  gradual  and  the  chilling  mur^i  less  [KTceptible  or 
unnotie^^able.  But  here,  again,  a  hygrosct>pic  material,  very  closely 
woven,  may  be  inc^qjable  of  liolding  as  much  moisture  without  im- 
parting the  sensation  df  distinct  wetne^is,  as  one  of  a  lojjsely  woven 
eiibHtance  of  low  hygroscopicity. 

I  Materials. 

The  materials  employed  in  the  making  of  ch)thing  come  mainly 
from  the  animal  and  vegetable  worlds  ;  from  the  tbrmer  are  derive*!  the 
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wcHll^  of  various  kinds,  silk,  furs,  feathers  and  diiwn,  ;irid  Imiiiit 
frfim   the  hitt*^r,  the  priueipiil  derivatives*  are  Ciitton  and  flax  (liu 
niid,  of  h^ser  iiiiprirtiiiHX',  straw,  hem [i,  jute,  and  rulilien 

Wool.— WcMil  of  viirioiii?  kinds  is  yi(»l<lt'<l  l>y  a  number  of  diffci 
IjeJieni  of  aiiiuialH.  That  in  ctmituoncwt  use  and  to  which  tlie  mo 
is  very  jtrenerally  restrict^**!  is  derivitl  from  the  s^heep.  Other  kij 
ineliide  mohair  from  tlie  Angora  g(*at  ;  ka^hniir^  or  cashmere,  fr»oi 
the  Tliilit*t  ^uiit  \  camelV  liair  and  :jlj*aca^  from  Aiwhf^^nm  piJoM,  a 
mnieluid  ruminant  of  Scmth  Araerie^i,  But  the  tenns  mohair,  csissb* 
mer(%  anil  alfiaea  commonly  refer  to  cotton  and  sheep's  wool  imitatioitt 
contiiininj^  im  trace  of  either  of  these  more  expen^^ive  wo<d8, 

T'ntler  the  niicmseo|ie,  the  fibers  of  wool  are  seen  U*  he  cylfDclrif^l 
and   tmnsluecnt,  and  covercxl  with  small  imbricated  scales  whir' 
thobe  of  a  Jiish  or  the  feathers  of  a  bird^  run  all  in  the  isame  din\  :l, 

Flo.  loy. 
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WooHen  fiben. 

They  are  sharpeF^t  and  smallest^  and  hen(*e  most  numerous,  in  the 
finest  sorts  ;  as  many  as  *JH0O  and  as  few  a^^  500  to  the  inch  have 
counted  respectively  in  the  liest  and  ver\'  inferior  kinds.  They 
Uy  the  libers  the  tenacit)^  with  which  they  cling  together  when  wov< 
and  the  readinej^s  with  which,  when  wet  and  subjected  to  pressure,  a:* 
rubbing  or  wringing,  they  mat  together  and  caus^  shrinking  of  iIap 
fabric.  They  are  shtiwn  in  Fig.  1<>9,  which  is  drawn  from  a  i^pecinien 
of  fine  4Saxt>ny  crewel. 

Wmvllen  gcMKis^  being  poor  conductors  and  (xmtaining  much  enm^ 
air,  are  the  most  v;dual»le  of  all   textiles  for  general   purjHise? 
climates,  nnd  particularly  in  those  in  which   abnipt  wide  chani 
tem|K*ra{ure  •>cenr.     In  vety   ht>t  climates,  they  are   inferior  ai? 
garments  to  cotton  imd  linen,  which,  being  better  conductors  and 
Hectors,  assist  more  in  keeping  the  Inxly  c<mifortably  cooL      But  for 
dergariuent^^  wool  is  much  better  a^  u  protection  against  chilling  afuur 
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•fliive  exercise,  on  aooount  of  its  hygroscopic  properties;  the  vapor 
ihxn  the  body  is  condensed  and  absorbed,  and  the  heat,  which  becomes 
latent  when  the  moisture  is  vaporized,  is  set  free,  and  the  evapora- 
tion from  the  &bric  to  the  external  air  proceeds  slowly  and  without 
tbe  chilling  effect  observed  when  one  sits  in  clinging  wet  cotton  or 
linen,  which  feels  cold  in  proportion  to  the  rapidity  with  which  it  dries. 

Woollen  fabrics  are  much  subject  to  adulteration  with  cotton  and 
other  cheaper  materials.  What  are  known  as  flannelettes  are  very 
commonly  made  wholly  of  cotton  or  with  a  very  small  percentage  of 
wool,  although  the  name  is  intended  to  convey  the  idea  that  wool  is 
the  sole  or  chief  material  used.  What  some  are  pleased  to  designate 
**  sanitary  flannel '^  is  often  largely  or  wholly  cotton.  Shoddy  is  a 
&bric  made  with  varying  proportions  of  old  ravelled  woollen  and  other 
cloths  with  a  minimum  of  new  wool.  It  has,  as  may  be  supposed,  a 
much  inferior  tensile  strength  and  less  uniformity  of  texture  than  wool- 
1^1  of  good  quality. 

Bilk. — Silk  is  the  spun  fiber  produced  by  a  number  of  species  of 
insects,  especially  the  larvsB  of  the  bombycid  moths,  called  silkworms, 
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Silk  fibers. 


to  form  cocoons  or  protective  coverings  when  about  to  assume  the 
chrysalis  stage.  The  cocoon  in  which  the  chrysalis  is  killed  yields  an 
exceedingly  fine  thread,  consisting  of  two  agglutinated  filaments.  This 
thread,  when  unwound,  measures  more  than  two  miles  in  length,  and 
when  spun,  yields  in  the  neighborhood  of  500  yards  of  silk  thread. 
The  outer  part  of  the  cocoon  is  of  inferior  quality,  and  is  known  as 
floes. 

Silk  is  very  hygroscopic.  It  is  a  poor  heat  conductor  and  a  perfect 
non-conductor  of  electricity.  It  has  great  affinity  for  anilin  and 
other  dyes. 

Under  the  microscope,  the  fibers  appear  as  structureless  tubes,  and 
show  no  scales  or  surface  markings,  such  as  are  seen  on  wool.  They 
are  represented  in  Fig.  110.  Before  being  woven  into  fabrics,  silk  is 
commonly  weighted  with  salts  of  tin  and  iron,  with  which  it  forms 
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stable  chemiml  compounds.  Weiglitcil  silk,  subjectcxl  to  the  actioo  uf 
a  Bun4*en  flame,  piirts  with  its  orgunie  Cinjstitueiit^,  but  ^ctaiu^  iu 
stOK'tural  appi^aniuee. 

Silk  is  very  j^ubjcrt  to  atlulteration  with  other  fibers  and  to  aimplete 
subs  tit  Lition  by  artificial  pre  ^parat  ions.  One  form  of  artificial  eilk,  in- 
v*'iit*H],  in  188 4 J  by  a  FrenchmaQj  Count  Chardonnet,  is  made  frim 
[irf^parcd  cotton  or  wood  fiber.  It  possesses  a  very  silky  luster,  aiv»l  ^^ 
at  first  very  inflammable  and  even  explosive,  being  practically  nitfo- 
ec'llulose ;  but  later,  the  product  was  subjected  to  further  cbemitial 
process  and  made  harmless.  Anotht^r  form,  invent^  by  Fremery  aocl 
Urban,  is  made  from  cotton  waste,  and  is  pnKluced  nnuch  more  cheaplr. 
Still  another  form,  inventtxl  by  Frofei^sor  Hummel,  of  Leeds,  Ls  romle 
from  gelatin  at  an  expense  of  abtiut  $1,15  per  p<iand.  It  has  a  low 
t*>nsile  strength,  but  may  be  emploveil  in  a  mixture  with  genuine  silk 
or  Hixv  linen  i>r  cott4>n  thread  to  make  a  durable  fabric. 

Silk  is  useil  chiefly  in  the  manufacture  of  silks,  satins,  velvets,  crape, 
and  plush. 

Cotton. — C\^tton  is  the  soft  woolly  fibers  appendant  to  the  seeds  of 
the  cotton  plant  (Gossifpium),  consisting  of  cellulose,  and  varying  ia 
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length  from  a  half  to  two  inches.  It  is  eoutiiined  with  the  seeds  within 
the  boll,  which,  when  ripe,  bursts  and  allows  the  fibers  j_»artia]ly  U*  **!^ 
eape,  Micropicopii-ally,  the  fibers  apjK^ar  flattened  and  twicited  ;  they  have 
somewhat  tliiekenetl  borders,  and  s<3rue  show  a  central  canal.  They  are 
shown  in  Fig.  1 1  L  They  are  freed  frr^m  the  seeils  by  the  cotton-gin, 
then  clonncil  and  spun  into  thread,  and  woven  into  fabrics  of  various 
kinds,  including  what  is  known  oommomy  as  "cotton  cloth,''  sheeting, 
towelling,  jeiui,  drill,  and  others.  For  the  purjvose  of  giving  weight, 
stiffness,  and  improve*!  appearance^  starch  and  other  materials  are  com* 
monly  employed  in  finishing.     Cotton  is  employed  also  w*ith  wool  and 
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oilier  matorialB  as  an  adulterant  or  to  combine  the  useful  properties  of 
€acb,  as,  forexaippley  in  merino,  which  is  much  used  in  the  manufacture 
of  underclothing  and  stockings.  Cotton  is  very  durable  and  hard,  has 
low  hygroscopicity  and  high  heat  conductivity,  does  not  shrink  in 
washing,  and  is  particularly  adapted  as  a  matenal  for  outer  garments 
for  hot  weather. 

Linen. — ^Linen  is  a  fabric  woven  from  the  soft  silky  fiber  obtained 
firom  the  outer  covering  of  the  stalks  of  the  flax  plant  {lAnum  v^sitatis- 
mmum),  which  are  allowed  to  rot  until  the  proper  stage  of  decomposition 
is  attained,  when  they  are  beaten  and  carded.  They  yield  about  a  six- 
teenth of  their  weight  of  fiber.  Microscopically,  the  fibers  appear  as 
ejrlinders  marked  at  regular  intervals  by  strisB  indicating  cell  divisions. 
(See  Fig.  1 1 2.)  Twisted  into  thread,  they  are  used  in  weaving  various 
fiibrics  known  as  linen,  cambric,  damask,  diaper,  lawn,  and  huckaback. 
Linen  goods  are  smooth  and  lustrous,  heavier  than  cotton,  durable  and 
hard,  of  low  hygroscopicity  and  high  heat  conductivity.     They  are 
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especially  suited  for  shirtings,  sheetings,  and  outer  garments  for  hot 
climates. 

Bnbber. — India  rubber  is  a  product  derived  from  the  milky  juice 
of  various  tropical  plants.  It  is  soluble  in  ether,  naphtha,  chloroform, 
and  carbon  disulphide.  Its  elasticity  is  impaired  and  destroyed  by 
long  exposure  to  the  air  and  by  extremes  of  atmospheric  temperature, 
but  is  made  lasting  by  the  addition  of  a  small  amount  of  sulphur  in 
the  process  known  as  vulcanizing,  discovered  by  Groodyear  in  1844. 
This  process,  in  addition,  insures  increased  durability,  flexibility,  and 
Impermeability  to  air  and  moisture.  To  the  latter  quality,  rubl)er  owes 
its  extensive  employment  in  articles  of  dress,  including  galoshes  and 
Other  foot  coverings,  and  outer  garments  made  of  rubber-sheeting  or 
waterproof  cloth,  known  as  mackintosh.  The  latter  is  made  by  ap- 
plying a  solution  of  rubber  in  successive  layers  to  cotton  or  other 
fiibric,  so  that  it  shall  be  made  impermeable  to  water. 

Rubber  garments  are  a  very  useful  protection  against  wind  and  rain, 
but  are  objectionable  on  the  score  of  l)eing  hot  and  confining  the  watery 
vapor  given  off  by  the  skin,  thus  bringing  about  a  condition  of  great 
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discomfort.     They  should,  therefore,  l^  ventilated  as  mach  as  is  prac- 
ticable, especially  if  worn  in  moderate  or  warm  temperatures. 

Clothing  can  be  made  waterproof  and,  at  the  same  time,  permeable 
to  air,  by  a  number  of  processes,  and  such  material  has  an  obvioi^ 
advantage  over  ordinary  mackintosh  and  other  impermeable  £sibri(s^ 

Leather. — Leather  is  the  skins  of  animals,  chiefly  the  ox,  calf, 
horse,  sheep,  and  goat,  prepared  by  tanning  and  tawing.  In  tanning, 
the  skin  is  soaked  in  vats  containing  an  infusion  of  oak  bark  ridi  in 
tannic  acid,  which  causes  the  formation  of  tough,  insoluble  tannates  of 
the  gelatinous  and  albuminous  constituents  of  the  skin.  In  tawing, 
mineral  astringents  are  used  instead  of  oak  bark  ;  the  end  is  attained 
more  quickly,  but  the  product  is  of  inferior  quality.  After  the  proc- 
ess of  tanning  or  tawing  is  completed,  the  skin,  now  tough  and  stiff, 
is  subjected  to  a  series  of  processes,  collectively  known  as  curnring, 
whereby  it  is  made  soft,  smooth,  pliable,  and  ready  for  use. 

Leather,  being  hygroscopic,  takes  up  perspiration  from  the  foot  and 
gives  it  off  to  the  outer  air ;  but  if  it  is  made  impermeable,  as  in  the 
case  of  the  so-called  "  patent  leather,"  the  latter  office  cannot  be  per- 
formed. That  the  perspiration  of  the  foot  is  given  off  through  the 
boot,  is  sufficiently  proved  by  the  dampness  and  dull  appearance  of  the 
leather  of  a  well-polished  boot  afler  half  a  day's  confinement  in  a 
rubber  overshoe.  Although  permeable  to  this  extent,  leather  is  suffici- 
ently waterproof  for  ordinary  use,  and  may  be  made  more  so  by  the 
external  application  of  grease. 

Pur. — Fur  as  an  article  of  clothing  presents  the  great  advantage  of 
iin{)ernieability  to  wind  with  that  of  verj'  low  heat  conductivity,  doe 
in  greatest  ])art  to  the  large  volume  of  air  retained  between  the  hairs. 
No  other  kind  of  material  is  comparable  as  a  protection  against  wind 
and  cold. 

Felt. — Felts  are  made  from  the  hairs  of  various  animals,  hut  the 
best,  such  as  are  used  for  hats,  both  soft  and  stiff  (the  Derby,  for  ex- 
ample), are  made  from  the  hairs  of  the  cony.  They  are  made  without 
wejiving,  the  hairs  being  blown  against  a  revolving,  |)erforated,  nietallio 
cone  of  large  size,  connected  with  an  exhaust  blower.  When  a  thin 
coating  has  formed,  a  jet  of  steam  is  directed  against  the  cone,  and  then 
the  felt  in  its  first  stage  is  stripped  off  in  a  coherent  mass,  held  together 
by  the  minute  iml)rications  on  the  individual  hairs.  By  means  of  fur- 
ther processes  of  steaming  and  steephig,  the  mass  is  reduced  in  size  and 
increase<l  in  wall  thickness  through  shrinkage. 

Adulteration  of  Clothing. 

Fabrics  are  much  subjec^t  to  adulteration  by  admixture  of  fibers  of 
lower  value,  as  of  cotton  or  shoddy  to  wool,  and  by  starch  and  mineral 
matters  to  give  weight.  Many  of  the  cheai)est  of  cotton  fabrics  are  ?i> 
heavily  sized  that  a  single  washing  will  convert  a  stiff,  ap|Kirently 
close-woven  j>iece  of  goo<]s  into  a  worthless,  coarse,  flimsy  material  tit 
only  for  sieves. 
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Ohemical  analysis  of  fabrics  is  not  always  to  be  relied  upoD, 
although  fibers  of  vegetable  origin  behave  very  differently  from  those 
from  the  animal  world ;  and  any  attempt  on  the  part  of  an  inexpe- 
rienced person  to  determine  the  percentage  of  different  kinds  of  fiber 
in  a  mixture  is  sure  to  lead  him  to  two  conclusions,  namely,  that  he  has 
nvasted  his  time,  and  that  much  of  what  has  been  written  concerning 
the  behavior  of  different  fibers  when  treated  with  strong  chemicals  is 
remarkable  only  for  its  small  measure  of  truth. 

BUcroscopical  examination  is  a  far  simpler  and  much  more  satis^ 
fectory  method  of  determining  the  composition  of  a  fabric.  A  few 
^breads,  teased  apart  and  examined  with  a  moderately  high  power,  will 
reveal  the  nature  of  the  fibers  and  yield  approximately  accurate  quan- 
titative results.  Shoddy  commonly  shows  fibers  of  wool  of  different 
shades  of  color,  but  this  finding  is  by  no  means  to  be  accepted  as  con- 
clusive evidence  that  a  specimen  of  fabric  under  examination  is  shoddy, 
«ince  only  plain  goods  of  a  solid  color  yield  fibers  all  of  one  shade. 
But  if  the  fibers  show  abrupt  changes  in  diameter  and  partial  obliter- 
ation of  the  imbrications,  it  may  be  safely  concluded  that  the  specimen 
is  shoddy,  since  fresh  wool  is  fairly  r^ular  in  diameter  and  shows 
sharply  marked  imbrications. 

Poisonous  Dyes. — In  the  dyeing  of  textiles  and  other  articles  of 
•clothing,  a  great  variety  of  substances  of  vegetable  and  mineral  origin 
are  used,  and  many  of  them  have  l)een  known  to  produce  serious 
results.  Among  them  may  be  mentioned  potassium  dichromate,  zinc 
chloride,  compounds  of  arsenic  and  antimony,  and  certain  of  the 
anilins.  An  outbreak  of  34  cases  of  acute  dermatitis,  occurring  among 
a  number  of  workmen  who  had  just  donned  new  overcoats,  is  reported 
by  Taunton.*  On  the  first  wet  day,  when  the  coats  were  worn,  the 
wrists,  where  they  ciime  in  contact  with  the  edges  of  the  wet  sleeves, 
became  inflamed.  In  1  cjise,  the  legs  were  similarly  affected,  the 
trousers  being  wet  and  rubbed  against  by  the  skirt.  In  3  cases,  the 
arms  were  affected.  On  soaking  the  cloth  in  water,  it  yielded  free 
zinc  chloride. 

According  to  U.  S.  Consul  Hughes,  of  (.^obnrg,  in  a  communication 
to  the  Department  of  Stat<s  under  date  of  April  23,  1901,  Dr.  Adolph 
Jolles  has  demonstrated  before  the  Vienna  Medical  Society  the  harm- 
ful effcKits  of  we:iring  [H^arl-gray  silk  stockings,  colored  by  rej)eated 
baths  in  a  solution  of  zinc  chloride.  It  was  shown  that  a  large  amount 
of  the  salt  was  present  in  the  finished  go(Kls  when  paektKl  for  the 
market,  and  that  the  danger  therefrom  by  absorption  was  V(Tv  great. 

A  serious  case  of  poisoning  by  anil  in  black  is  <jUot<Kl  by  Cartaz,* 
from  a  report  of  Landouzy  and  Brouardel  to  the  Academy  of  MiH^licine 
of  Paris.  A  child  of  seventeen  months  l>eeame  suddenly  unconscious 
and  a|)parently  asphyxiat<Hl,  and,  although  restored,  reniainiHl  very  ill 
for  forty-eight  hours.  Then  the  l)rother  of  the  child  and  a  number  of 
other  children  were  seizinl  in  the  same  way.  All  of  the  victims  wore 
^hoes  which  gave  off  a  j)ecu]iar  iK'iietrating  odor,  and  were  found  to 
'  Lancet,  December  0,  1898.  ^  La  Nature,  August  4,  1900. 

46 


722 


PERSOXAL  HYGlEyE. 


havi'  Iwen  dyetl  with  imiliii  liliick.  Animal  exptTimentatimi  |in»vHl 
tlmt  absorption  of  this  bv  the  jskiri  i.s  favorptl  by  heat  and  tnoi*t«n% 
whirh  eoiiditioiis  are  |)re??ent  \i\  a  ti^htlv  \ivvvd  shew,  uikI  may  hriit|r 
:ibntit  alteration  of  the  bhiiKJ  eor]HLsele>  and  as|)hyxiH. 

Another  ease  m  I'eported  by  liesson,'  of  a  ehikl  of  i*ix  yeaTs,  iRh«\ 
after  wejiriTig  a  pair  fif  new  sIkkn  dnring  the  foremwm  while  ut  pb}, 
IxH-iune  enld  and  eyanoi^i'd  in  tlie  ailern<Niii,  but  wa«  relieved  hy  lK«t 
and  sliinulants  within  twrnty-fbur  bcnirs.  The  .^hc>e,s  had  Imhi  \A- 
ishefl  with  a  preparatitiri  whieh  liad  a  di^tinetly  naiist^iting  oiWj  jiii«t 
eontainefl  91   per  criit.  uf  anilin. 

Laurent  and  Gnillemin'^  report  still  ant^tber,  in  wlneli  six  rhildreo^ 
all  nf  one  ianiily,  were  seized,  after  wrarini^  lU'W  shoi'!^  ii|K»n  whii^L  tlur 
anilin  p*dish  had  imvX  ectuipletely  dri<t!,  with  sudden  symptimj!-  of 
poisoning,  which  iiieludeil  pallor  ul"  the  faee,  bluish  di^etdoration  nftW 
lips  and  nails,  dilate<i  pupilsj  headaebe,  vertigo,  albuminuria,  gnut 
mnsenlar  weakness,  slow  pulse,  slight  eonvulsive  muvemeriLs  and 
unennseionsness.      Keeiiver\^  orenrred   in   iViini  one  to  three  *layK 

It  is  eoninicjuly  l>elieved  that  arsenie  in  tlyed  and  printeil  lextiU^  i^ 
present  as  an  aeei  dental  impurity  of  various  a  nil  ins,  but  this  Ls  far  fit  n« 
being  the  truth,  si  nee  white  arsenie  itself  is  used  in  several  pnxieiscs  fiir 
the  purjHise  of  adding;  brilliancy^  to  the  efdoi^s.  Thus,  in  the  so-calW 
arseiiite  of  akuninuni  pnw^ess,  the  dye,  dissolved  in  aeetie  a(*id  orwarcr, 
is  mixed  with  aeetate  of  alnniinuni  and  white  arsenic  in  glyeerin,  ai.4 
the  mixture  is  empbiyed  in  printing  the  |iattern  ;  next,  the  priniMl 
fabrie  is  snbj<rted  to  moi.^t  heat,  and  the  anilin,  in  combination  with 
the  arsenite  of  aluminum  fbrnied^  is  fixed  in  the  fil>erij  in  an  iDsolnhte 
form. 

Selection  of  Clothing. 

The  properties  of  tlie  varifais  materials  used  in  the  manafactiift 
of  ti'Xtilrs  have  alrea<Iy  been  ^iven  in  Mime  detail,  and  further  roti- 
siileratiou  t^f  underclothing  and  outer  garments,  beyond  a  wtml  4 
caution  against  unneeessary  weight  of  clothing  and  undue  tvn^tric- 
turn  of  any  part  of  the  Inwly  is,  therefore,  unneeessiiry.  In  t'*^ 
matter  td'  etuistricti(ai,  uti  part  of  tlu^  hiunan  IhkIv  is  so  nbind 
as  the  ioot»  especially  that  of  wninan,  IJoots,  sbc»es,  aiiti  st<  > 
should  fit  the  foot,  and  there  should  Ik*  no  sucli  thing  as  the  ^ 
whic*h  many  peo]ile  expH-t  as  a  matter  of  course  in  the  proccs?  *'l 
'^  breaking  in/*  The  toe  should  be  nrither  point«H^l  nnr  cut  sipuitv.  «iwl 
tfie  wbttle  sole  should  Inllow  the  Tiatural  outline  of  thr  fo(/t.  The  n^t* 
sliouhl  projtH^t  a  reasonable  distai»ce  from  the  up}»er,  in  order  to  give 
iirmer  su[»|iort  and  inert^ascd  protectiou  tc*  the  sotl  jwirts  from  eaDtact 
with  loose  stones  and  other  objects.  The  heels  slioidd  Ix*  low  «wi 
bruad.  High  he<'ls  are  worn,  not  for  eonifitrt  in  walking,  but  to  iiH 
creai^e  the  height  of  the  bmly  and  diminish  the  apparent  length  ot*  l!*« 
foot.     For  purposes  of  successful  de<:T})tion,  they  take  about  equal  nvk 

*  Jfiuma!  des  StMenci'*^  tiivflicales  iti'  Lille,  1901,  Ka  10. 
'Journal  det*  rradcieos,  March  2,  l^Oh 
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ith  hair  dyes  and  artificial  complexions.  Their  use  conduces  to 
i»kness  of  the  arch,  atrophy  of  the  muscles  of  the  leg,  and  a  variety 
other  abnormalities.  The  heel  of  the  foot  should  tit  snugly  in  its 
aee  within  the  shoe,  hut  the  toes  should  have  sufficient  room  for 
eedoni  of  movement,  yet  not  enough  to  cause  chafing  and  excoriations. 
he  upper  should  fit  snugly,  but  not  too  tightly,  about  the  ankle  and 
er  the  instep ;  otherwise,  the  foot  will  drive  forward  and  cramp  the 


CHAPTER    XVI. 
INFECTION,  SUSCEPTIBILITY,  IMMUNITY. 

Exciting  Causes  of  Disease. — The  exciting  causes  of  infectioos 
diseases  are  parasites  belonging  to  both  the  animal  and  the  vegetable 
kingdoms.  They  gain  access  to  the  system,  and  if  the  individual  be 
receptive  or  "  susceptible,''  proceed  to  bring  about  disturbance  of 
function,  some  by  mechanical  obstruction,  some  by  destn>ving  the  blood 
corpuscles  which  they  invade,  some  by  methods  still  unknown ;  but 
mostly  through  highly  toxic  substances  which  they  produce  and  which 
act  locally  or  generally,  as  the  case  may  be.  Most  of  those  which  have 
been  discovered  l)elong  to  the  vegetable  kingdom  (bacteria) ;  some  are 
animal  organisms  (protozoa).  Of  many  of  the  common  diseases,  nota- 
bly the  exanthemata,  the  still  undiscovered  causes  belong  probably  to 
the  latter  class,  if  we  may  reason  by  analogy  from  the  discoveries 
relative  to  smallpox  by  Councilman  and  concerning  the  cause  of 
scarlet  fever  by  Mallory. 

Disease  germs  are  endowed  with  life ;  and  for  its  continuance  and  for 
multiplication  within  the  tissues,  certain  favoring  conditions  are  nec- 
essary ;  invasion  of  a  system  offering  hostile  conditions  begets  no 
disease.  Introduced  in  sufficient  numbers,  and  finding  their  environ- 
ment fav^orable,  they  multiply,  as  a  rule,  and  eventually  make  their 
presence  manifest  through  the  symptoms  produced  by  their  toxic  prol- 
ucts  or  because  of  their  {K)wer  to  obstruct  or  destroy.  They  differ 
essentially  from  poisons  in  the  ordinary  sense ;  for  poisons,  alth<^gh 
causing  disturbance  of  function,  resulting  likewise  even  in  death,  do 
not  reproduce  themselves  within  the  tissues.  An  injection  of  aconitine, 
or  of  morphine,  or  of  tetanus  toxin,  or  of  snake-venom  does  not  grow  in 
the  system,  and  hence,  if  not  sufficiently  powerful  to  cause  disturbance  of 
function,  it  will  not  bo(M)me  so  with  laj)se  of  time ;  but  the  introduction 
of  a  few  streptococci,  for  example,  may  \ye  followed  by  rapid  multiplica- 
tion in  geometrical  progression  and  result  eventually  in  a  fatal  sep- 
ticemia. 

Channels  of  Infection. — Of  the  various  channels  of  infection,  the 
most  im[)(>rtant  are  the  respiratory  and  alimentary  tracts  (tubt^nnilosis 
influenza,  diphtheria,  typhoid  fever,  cholera,  dysentery,  etc.)  ;  but  some 
of  the  most  devostatincr  of  human  scourges  are  spread  through  inoculation 
into  the  skin  (malaria,  yellow  fever,  etc.).  Invasion  of  the  tissues  bv 
ilisease  germs  may  he  folio wetl  by  localized  infection  with  general  dis- 
turbance of  the  system  due  to  their  toxic  protlucts  (as  in  diphtheria  and 
tetanus),  or  by  general  infecti(m  and  disturbance  (as  in  the  septicaemias). 
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Infection  and  Contagion. — The  terms  infectious  and  cmvUigious 
have  given  rise  to  much  confusion.  Proi)erly  speaking,  the  one  includes 
the  other,  for  all  contagious  diseases,  that  is  to  say,  those  communicated 
by  direct  contact  with  the  patient  or  with  fomites  (as  scarlet  fever  and 
smallpox),  are  infectious ;  but  many  infectious  diseases  that  are  spread 
through  the  agency  of  contaminated  water  or  fcxxl  (as  typhoid  fever  and 
cholera),  or  by  the  bites  of  insects  (as  yellow  fever  and  malaria),  are  not 
contagious,  but  are  communicated  from  man  to  man  indirectly. 

Susceptibility. — When  the  exciting  cause  of  an  infectious  disease 
either  directly  or  indirectly  communicable  is  introduced  into  a  oom- 
muuitv,  not  all  of  tliose  whose  systems  are  invaded  become  stricken 
with  the  disease,  even  though  they  may  receive  the  same  dose  of  the 
organisms.  Of  a  dozen  children  exposed  at  the  same  time  and  for  a 
like  period  to  a  pre-existing  case  of  scarlet  fever,  perhaps  one,  or  three, 
or  six,  or  none  at  all  may  be  seized ;  of  a  hundred  consumers  of 
typhoid-infected  milk,  perhaps  a  dozen  may  be  infected ;  in  an  entire 
community  of  a  hundred  thousand  persons,  all  drinking  water  from  a 
common  supply,  a  few  hundreds  or  thousands  may  be  stricken  with 
cholera  in  the  event  of  extensive  specific  pollution  of  the  supply,  the 
rest  of  the  population  escaping  with  no  symptoms  whatever.  The 
reason  for  this  lies  largely  in  differing  susceptibility :  one  person  may 
be  very  susceptible  and  others  wholly  resistant,  regardless  of  the  extent 
of  exposure  or  of  the  number  of  exposures ;  some  may  resist  a  few 
exposures  and  later  succumb.  Some  may  be  exposed  without  any 
resulting  invasion.  Whether  or  not  a  given  individual  will  be  attacked 
may  depend  also  upon  the  number  of  organisms  which  enter  his  sys- 
tem ;  for  while  a  few  disease  germs  may  be  overcome  and  destft)yed,  a 
larger  dose  may  secure  a  foothold  and  cause  injury.  On  the  other  hand, 
what  might  be  an  overwhelming  dose  to  one  may  be  doubled  and  trebled, 
and  yet  be  ineffective  against  another. 

Susceptibility  is  influenced  by  a  number  of  conditions,  including  age, 
race,  family  predisposition,  cold,  fatigue,  etc.  A  person  who  to-day 
is  insusceptible  may,  a  few  days  hence,  acquire  susceptibility  through 
any  one  of  a  number  of  causes  which  bring  about  a  depressed  condition 
of  the  system,  such  as  lack  of  proper  food,  exposure  to  cold  or  extreme 
heat,  exhaustion  from  overexertion,  mental  disturbance,  loss  of  sleep, 
abuse  of  alcohol,  overcrowding,  mechanical  injury,  and  constitutional 
disease.  A  person  may  carry  virulent  pneumococci  in  the  respiratory 
tract  and  not  be  affected,  because  of  the  natural  defensive  properties  of 
his  cells ;  he  may  for  the  same  reason  escajxj  an  attack  of  Asiatic 
diolera,  although  large  numbers  of  the  specific  organisms  have  gained 
access  to  his  intestinal  tract ;  and  yet,  in  the  former  case,  a  bad  cold, 
and  in  the  latter,  a  derangement  of  digestion,  may  overcome  his  defence 
and  he  falls  a  victim. 

An  individual  who  is  insiLscoj)tible  to  the  influence  of  a  particular 
pathogenic  organism  is  said  to  be  immune,  or  to  enjoy  immunity.  Im- 
munity may  be  either  natural  or  acquired,  and  aecinired  immunity  may 
be  active  or  passive.     Natural  immunity  is  the  inherent  ability  to  resist 
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infection  when  the  system  is  iuvaded  by  disease  germs :  for  exampK 
the  insusceptibility  of  man  to  hog  cholera  and  rindeqjest ;  of  carnivora 
to  tul)erculosis  ;  of  rats^  dogs,  and  birds  to  anthrax  ;  of  horses  and  cattle 
to  typhoid  fever  and  cholera.  In  these  and  in  many  other  instaDce^ 
that  might  be  given,  the  respective  organisms,  on  being  introduced,  find 
themselves  opposed  by  conditions  which  are  inimical  to  their  existence 
and  multiplication,  and  they  soon  succumb  to  the  hostile  influences. 
This  form  of  immunity  is,  however,  not  always  absolute :  it  can  be 
overcome  in  various  ways.  Thus,  while  birds  are  naturally  immune  to 
anthrax,  it  has  been  shown  that  certain  species  may  be  rendered  >us- 
ceptible  by  starvation  or  cold  ;  and  rats  lose  their  immunity  to  the  same 
disease  when  they  are  fed  wholly  on  a  vegetable  diet. 

Acquired  immunity  is,  as  stated,  of  two  kinds :  active  and  passive. 
Active  acquired  immunity  follows  recovery  from  an  attack  of  a  du^ease 
which,  except  in  rare  instances,  occurs  but  once  in  the  same  person  (as 
yellow  fever,  scarlet  fever,  small{)ox  and  chicken  ix)x) ;  or  from  a 
disease  of  an  allied  nature  (as  immunity  to  small])OX  after  cow  pox); 
or  it  can  be  induced  artificially  by  the  injection  of  increasing  doses  of 
bacterial  toxins  or  of  bacteria  which  have  been  killed  by  heat  or  dimin- 
ished in  virulence.  It  can  be  acquired  not  only  against  diseases,  bat 
against  certiun  proteid  vegetable  poisons  (ricin  and  abrin)  and  snake 
venoms  (rattlesnake) ;  but  it  cannot  be  accjuired  against  the  numeroa-i 
alkaloidal  poisons.  In  but  few  diseases  does  one  attack  confer  a  lasting 
immunity  ;  and  even  in  these,  second  and  even  third  attacks  may  some- 
times occur,  but  their  severity  is,  as  a  rule,  much  diminished ;  thii>, 
smalliM>x  and  measles.  With  some  diseases  a  single  attack  confers  a 
temjK)rftry  immunity  (f.  r/.,  pneumonia,  la  grippe,  and  diphtheria),  Imt 
subsequent  attiicks  may  be  of  equal  or  greiiter  severity.  With  other 
diseases,  notiibly  malaria,  inmiunity  may  Ik?  a(X]nire<l  with  such  exm^me 
slowness  that  increased  susceptibility  may  appear  to  become  estabEsbe<l. 

Passive  acqnire<l  immunity  is  that  wliich  is  brought  about  by  the 
injection  of  serum  obtained  from  the  blood  of  an  animal  that  lia> 
acquireil  an  active  immimity,  the  serum  containing  antitoxin  ;  and  it 
may  be  acquired  also  through  the  milk  of  an  immune  mother,  the  anti- 
toxin beino;  secreted  therein.  Passive  immunity  is  acquired  rapidh  and 
with  practically  no  danger  or  disccmifort,  but  the  pn>tcK*tion  conferred 
is  only  transient.  On  the  other  liand,  active  immunity  is  a  matter  of 
much  less  rapid  apj>earance,  but  its  protective  influence  is  much  more 
lastin^r. 

Tlic  tolerance  which  the  system  develops  toward  a  sjK'cific  p>i?on 
l)ccomcs  establishcil  as  a  result  of  certain  processes  concerning  which 
we  have  practically  no  actual  knowledge.  While  we  know  that  certain 
means  enij>loyed  produce  certain  results,  the  various  changes  which 
occur  withiti  the  system  during  the  process  are  matters  concerning  which 
thus  far  we  can  only  theorize.  We  are  met  at  the  outset  by  the  fact 
that  protojdasm  is  a  substance  of  extraonliuarily  c»omplex  com}M>sition, 
which  defies  exact  analysis,  and  the  pHxlucts  which  it  €dalx)rates  are, 
so  far  as  we  I       ■     ''  v  complex  nature.     It  combines  with  and 
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is  acted  upon  by  various  materials,  which,  acconliug  to  their  nature, 
promote  or  disturb  metabolism ;  e.  //.,  nutritive  matters  and  toxins. 
It  is  with  the  latter  that  problems  of  immunity  have  to  deal,  for 
although  under  some  conditions  protoplasm  is  by  them  destroyed  or 
<lii$turbed  in  its  functions,  under  others  it  is  able  not  only  to  withstand 
their  influence,  but  to  develop  antagonistic  products,  which  overcome 
ibem  completely  and  thus  prevent  disease  or  promote  recovery. 

All  our  knowledge  of  what  occurs  in  the  estiiblishment  of  immunity 
and  all  the  therapeutical  applications  based  upon  this  knowledge  we  owe 
to  animal  experimentation  of  an  exceedingly  ingenious  and  interesting 
nature,  which  has  given  risie  to  several  theories.  Of  these,  the  "  reten- 
tion theory "  of  Chauveau  and  the  "  exhaustion  theory ''  of  Pasteur 
have  long  since  been  disproved  and  possess  now  merely  an  historical 
interest ;  and  the  only  ones  which  have  withst<K)d  the  test  of  time  and 
investigati(m  are  the  "  humoral  theory  "  of  Ehrlich  and  the  "  cellular 
theory  "  of  Metschnikoff',  both  of  which  will  be  considered  below. 

EHRUOH'S  THEORY. 

Ebrlich's  humoral  or  side-chain  theory,  which  had  its  inception  in 
1897,  explains  first  the  action  of  the  soluble  bacterial  toxins  and  their 
antitoxins,  then  deals  with  immunity  against  these  jwisons  and  the 
bacteria  which  secrete  them,  and  finally  embraces  the  far  more  com- 
plicated question  of  immunity  against  those  pathogenic  organisms  which 
liberate  no  soluble  toxins,  but  bring  al)out  results  which  in  some  way 
are  dependent  upon  the  actual  presence  of  the  bacterial  cell.  The 
analogy  between  bacteriolysis  and  haemolysis  has  made  the  experimental 
work  much  less  laborious,  since  the  latter  can  be  employed  to  solve  the 
problems  of  the  former. 

Toxins  and  Antitoxins. — In  their  interference  with  metabolism, 
different  species  of  pathogenic  bacteria  act  in  very  different  ways  ;  they 
produce  different  kinds  of  |X)isons  whose  actual  nature  is  as  yet  but 
little  known,  and  these  interfere  with  the  cell  functions,  each  in  its  own 
manner.  They  appear  to  possess  certain  definite  chemical  affinities,  like 
the  far  simpler  inorganic  com|)ounds  ;  they  are  precipitated  by  certain 
agents  and  rediasolved  by  others ;  they  combine  with  other  complex 
compounds  and  form  more  or  less  stable  inert  substances.  Whether 
the  bacteria  are  within  the  tissues  elaborating  the  }K)isons  and  sending 
them  to  distant  parts  of  the  body,  or  are  grown  in  artificial  culture 
media  outside,  the  poisons  which  a  given  s|)ecies  produces  appear  to 
possess  the  same  properties,  so  far  as  they  can  l)e  studied. 

Bacterial  diseases  may  be  divided  into  two  classes  :  (1)  those  in  which 
the  infective  agents  are  localized  and  prixluce  their  effwts  through  soluble 
poisons  which  they  secrete  and  send  through  the  system  in  the  blcKxl 
stream ;  and  (2)  those  in  which,  whether  localized  or  not,  the  infective 
agents  act  not  through  soluble  poisons,  but  in  some  manner  dependent 
upon  their  actual  presence  in  the  tissues  and  yet  not  explainable  in  all 
cases  by  mere  mechanical  presence.     These  bacteria,  however,  contain 
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poisons  iHiitHl   with   their  [m»toj>la>*m— intrawUuIar  tuxinsv,  swtn 
which  \\\i\if  W'vu  ^v\i\iv\\.iv{\  and  Mil>Jrt*ted  to  f^tretnl   olicmiail  an.ir  — 
a  nil   it  niiiy  ht*  tliat  tliey  btviHiie  eHWtive  on  liberation  from  the  Uic- 
tiTiai  cells  w^ht'ii  these  die  and  are  disintegrated.     Indeed,  we  konw  lliat, 
in  the  autc»lysis  of  enltui-es  of  B,  ft/pho»m^  a  toxin  is  liberatt<i  into  ibc 
eulture  metliuni  ;  and  Vauglmn  and  Wheeler '  have  obUiintJ,  in  - 
funHj  lii^hly  jMiisunous  material  fnmi  the  eell  siibstanee  of  colon,  h] 
and  anthrax  bacilli.     That  the  last-named  organism  jin>dni*eb  aJi  intra- 
eellnlar  poison  was  shown  fir8t  bv  J*  \V,  Vaughan/''  all  prior  inve^ga- 
tion  having  given  negative  result^s.      Intracellular  poibons  have  beeo 
(leriionstnited  also  by  Detweiler^  {B,  />rofi/f//W««,  B^  vi4jiaceus^  &trcim 
iuleaj  and  iStircma  aurantica]  and  by  Gclstoo/ 

As  examples  of  the  first  class  may  be  citetl  diphtheria  and  tetanus ; 
and  of  the  second,  the  true  septiciemias,  in  wliich  the  bacteria  are  dk^ 
tribute^l  generally,  and  ty[*hoid  fever  and  [jneumonia,  in  which  the 
barter ia  have  a  seleetive  affinity  for  sjK^^ial  organs.  It  is  likely  that 
in  tlie  estal)lishnient  of  inminnity  to  both  class&n  of  disease,  the  geneml 
jirineiples  of  the  prtice^^s  are  the  same,  although  the  details  may  differ. 

In  the  diseases  of  the  first  cla^s  (diphtheria  and  tetiiniis),  a< . 
immunity  depends  upon  tlie  formation,  witJiin  the  system,  of  sub- 
termed  Aiiflloxfm,  wliieli,  while  having  no  [vower  to  da^troy  the  cau^tive 
bacteria  themselves,  neotmlize  their  toxic  pnwluets  (toxins).  In  ti\t 
immuni>^ing  pro(*ess  a  very  small  part  of  w^hat,  under  ordinary  eircnm- 
stances,  would  bv  a  fatal  <lose  of  the  s[H>cific  toxin,  or  a  small  dose  nf 
a  vve^ikened  toxin,  is  given  snbeutaneously  to  an  animal,  and  tliis  is  re- 
(lealed  at  intervals  of  a  few  days.  Af\er  a  tiuie^  the  dose  is  incmist^, 
and  eventually  the  animal  is  capable  of  receiving  without  injury  a  uor- 
mally  fatal  <lf>.se,  and  is  then  possessi'd  of  an  (tctive  acquired  iwmMiuVy.  If 
now  the  atiirual  be  bltni  antl  it8  serum  l>e  injectetl  into  another,  it  will 
be  foimd  that  the  latter  can  resist  infe<'tion  by  the  organism  which  pp> 
duces  the  toxin,  or  that  if  infected  l)efore  treatment,  the  injection  will 
exert  a  curative  influence.  In  1890  Bchring  made  this  disco vt-ry  as 
to  diphtheria,  after  he  and  Kitasatti  had  found  it  to  l>e  true  of  tetjinu?. 
In  I8^M,  Elirlich,  w(»rkingwith  abrin  and  ricin,  found  that  these  toxins 
treated  m  vitro  with  the  scTum  of  animals  immurH/.<*<I  th*  r<nvifli  Vjecame.  ^ 
neutndizetl  and  incapable  of  camming  injury.  ■■ 

The  protection  tmusferi'cd  from  the  actively  immune  annual  in  tW^ 
other  is  pai*ifirf  aapihrfl  immunltif.  The  serum  of  the  imnninized 
animal  ditlers  from  that  of  the  normal  in  that  it  contains  the  specific 
antitoxin,  which  is  a  substancx?  l>elieved,  with  good  raii?on^  to  unite  in  a 
definitely  chemical  manner  with  the  sfieeifie  toxin  to  form  an  inert 
corn  pou  rub 

llow  the  antitoxin  is  formed  in  the  system  is  an  interesting  question, 
which  Ehrlich  explains  in  the  fullow^ing  manner:  The  bacterial  t4mn» 
have  special  affinities  for  6|jeeial  celL*,  and  if  they  arc  introduced  to 

*  Jmimji]  of  the  Atiierican  Medical  Aseocitttmn,  Soptember  3,  IfMH. 
'  TniiiHiiclionR  of  the  Assotiatiun  of  A  me  rim  n  I'hymciaiiH,  19<r2, 
'  Ibidem.  *  ibiileiu. 
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sufficient  amounts  those  cells  are  destroyed  ;  but  if  not,  they  are  merely 
damaged  by  the  union  of  the  toxin  with  certain  atom-groups  of  the 
cell  for  which  it  possesses  the  sj^ial  affinity.  The  atom-group  with 
which  the  toxin  unites  is  called  a  Receptor  or  Side-efiain,  The  cell, 
being  damaged  by  the  loss  of  this  portion  of  its  substance,  proceeds  to 
repair  itself  by  replacing  this  receptor ;  but,  following  Weigert's  law  of 
aapercompensation,  it  produces  an  excess  of  receptors,  which,  not  being 
needed,  are  cast  out  into  the  blood  stream,  where  they  are  free  to  unite 
with  any  fresh  portions  of  toxin  with  which  they  may  come  in  contact 
These  free  receptors  are  the  antitoxin. 

The  union  of  the  toxin  with  the  receptor  of  the  cell  or  with  the  free 
receptor  (antitoxin)  is  effected  by  an  atom-group  called  the  Haptophore. 
When  the  toxin  becomes  fixed  to  the  cell  by  this  group,  it  may  proceed 
to  destroy  the  cell  by  its  poison  molecule  or  Toxophore ;  but  when  it 
unites  with  the  free  receptor  and  thus  satisfies  its  only  attaching  group^ 
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its  poison  molecule  has  no  cell  upon  which  to  work,  and  is  consequently 
unable  to  produce  harm.  The  receptor  thus  acts  in  two  ways  :  it  may 
attract  the  toxin  to  the  cell,  which  thus  may  suffer,  or  it  may  protect 
the  cell  when  it  is  no  longer  an  integral  part  thereof.  (See  Fig.  113.)* 
It  has  been  shown  by  Ehrlich  and  others  that  a  spec^ifie  proteid  toxin 
differs  in  one  very  important  respect  fmm  alkaloidul  and  other  common 
poisons,  namely,  that  the  latter  are  possessed  of  no  haptophore  groups 
with  which  they  can  form  chemical  combinations  with  the  body  cells 
or  with  substances  derived  therefrom.  A  dose  of  morphine,  for  exam- 
ple, no  matter  how  frequently  it  is  repeated,  is  incapable  of  causing  the 

'Figure  113  and  the  succeeding  figures  in  this  chapter  are  purely  diagrammatic; 
and  in  order  that  no  erroneoiw  conception  may  be  fomietl  concerning  the  various  sub* 
stances  which  they  represent,  shapes  have  been  adopted  which  are  not  likely  to  suggest 
actual  cellular  or  molecular  forms. 
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frirnintion  uf  41  t^ubstanre  with  wliirh  it  can  unitr  t(»  form  an  in*Tt  ImmIi 
aklnMiirli  it  oiiu  o>tnl>lisli  a  tiiki-iiiR-c*  for  lar^r  ci^fscs  ;  in  ntlicr  rt<in.i 
jio  mor|jhinL*  muiioxiti  cam  bi*  prtMlueetl.  If  u!ie  .should  attempt 
iiiimimi^sc  aw  aniiual  a^aiu8t  njorphinc%  tl»e  serum  of  tluit  animal  wf 
mixutl  with  a  fatal  dose  of  iiiorphiiie  would  not  deprive  the  latt<T 
Its  piwer  Ui  |ioJs»ni  anotlier,  as  will  an  anritnxie  srrum  mixed  in  pn 
pni[Mjri:iun  with  a  lethal  ilofne  of  its  eorresjM aiding  toxin.  EhrHch  sii 
that  the  term  laj-ht  shonld  \w  applies!  only  t^i  tliose  toxic  pftnludi 
inetahHli^m  with  which,  hy  animal  experimentation,  one  can  obtain 
spceiti<'  antitoxin.  As  exani[iles  of  trne  toxins  may  Ik?  cIicmJ  those 
diphttieria  and  tetanus,  snake-venoms,  abrin  (from  the  jtfpiirity  \m: 
and  riein  (from  the  ea.-tor  l)eiin).  In  the  case  of  any  one  of  the:?e, 
reaction  occnrs  in  the  hcHly,  whereby  the  toxin  become;*  bound  fii 
to  the  cell,  instead  of  entering  into  loose  combinations  wliich  are 
broken  up,  as  in  the  ea.se  of  alkaloids. 

It   must   not  be  snppnsed  that  the  so-calletl  receptors  or  side-eh;iil 
are  (xjueernefl   merely   with  toxins  and  antitoxin  formation .     The 
protoplasm  is  an  exceedingly  complex  substance  and  the  cell  is 
thing  more  than  a  mere  molecule  :  it  is  made  np  of  many  very  compli 
moleenles.      It  is  unf»irtnnate  that  atleonits   to  explain  immunity  wit 
the  aid  of  diagrams  lea*t  many  to  conceive  thiit  the  w«mls  er//and  mt 
eufc  arc  in  a  sense  i^yncaiymous.     Tlie  smalWt  piissiblc  drop  of  wal 
consists  of  many  molecules,  all  of  the  same  character ;   but  a  evil  i> 
aijtrretfation  of  complex   molecules  of  diverse   naturci?   and   functir^i 
The  ceil  pissesses  certain  atom-^mmps  ( receptors,  side-cbidns)  with  aHi; 
tie.-?  tor  nutritive  materials  which  eome  within  the  nmge  of  their  chemii 
and  through   them  it  fixes   within   itself   that   which   it   nt*eds   for 
(*arrying  on  of  its  functions.      It  |)ossessi?s  affinities  also  for  the  pmti 
toxin>,  which  are  lu'licved   to   he  similar   to,  thougli   less  ci»mplex  m 
compositicjn  tlran,  the  nutritive  materials,    I)oul)tless»  it  fKvs^esse^  many 
other  atom-complexes  with  other  functiont* ;    and  doubtless,  al^,  the 
number  of  each  kind  is  such  that  the  destruction   of   a   few  d 
necessarily  nie:m  thedeatli  of  the  cell,  whieli  under  tavoring  oonditi< 
may  proe<_'ed  to  rnakc  goc^l  its  Inss  by  pnK:!esses  of   repair.      The  sitl 
chains  which  are  eoneerned  in   the   fixation  of   toxins   and   which 
cast  off  intc'tbe  bloo<l  stream  as  antitoxin  are  denominated  by  Ehrlicb 
IMkepfors  or  Reerpforfi  of  the  fir>ft  oiv/cr,  lieinfjof  the  simplest  kind  ai 
poss4\ssing  a  .sincrlc  bund  of  attachment,  the  haptophore  group.     Otf 
more  complicated  reeeptivrs  than  thest^  will  he  considered  presently . 

That  the  union  of  toxin  witfi  antitoxin  is  a  pun^y  chemical  pi 
h  believed  by  Ehrlioh  and  most  other  invt*stig:itor^,  and  as  pmt^f 
cited  a  numlier  of  farts.     Thus,  when  a  toxin   is  mixed   with   its  ( 
responding  antitoxin  in  j>roper   j>rHjMirtions   in   a  test  tube,  it   I>eci>i 
neutralized  and   is   then   inf capable  of   acting   injuriou.sly  any  long 
Like  acids  and  alkalies,  the  two  can   be  titrateil  against   ea<*h   ol 
Again,  as  with  mt»st  chemic^d  reactions,  the  union  of  the  twn   is 
teniHl  by  w*armth,  ami  f»ccurs  more  readily  when  concentratei!  Mduti- 
are  employe<l.     It  ap|jeiirs,  however,  that  with  teta^nus  toxin,  nt 
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the  union  with  antitoxin  is  iit  lirst  a  Horaewhat  loo^e  as8*K!iution,  wliirh 
<5an  be  ilij^rupti'd  ;  and  timt,  its  time  gc>t*s  rm,  the  fonibinntioti  iMM'^utjoi* 
fixe«i,  TirLs  has  licen  shown  in  an  iiiterei^ting  exfwrinient  by  A,  Was- 
«ernuinn,  who,  having  fonnd  that  a  mixture  of  tetanns  tux  in  and  guinea- 
pi^-lrr*iin  enudsion  |w»s>4esse(l  n^i  t*>xie  aetioii  fiir  ^nineii-pi^r*.  while 
mixtures  with  enudsioiis  ui'  (Jllier  ur^iujs  of  the  KUnr  luiinial  nlaiutHl 
their  ptiwer,  roneladed  xh\it  tlie  toxiii  has  a  s|H*i'ial  alhnity  f«»r  the  rells 
of  the  eentral  nervous  isvsteni,  and  that  these  ciaitain  nurutally  llieanti- 
loxic  side-ehnins,  wineli  are  the  siinie  a.s  those  existing  in  the  serum  td' 
an  irnniuidzed  anitual.  It  i.h  known  that  tlie  tetaiuis  toxin  n'afhrs  ihe 
-cells  ni*  the  ceutnil  nervous  system  thrnujirh  the  mottjr  iixnr»cs,  and  tliat 
the  antit(»xin  reat^hes  them  tlmMigli  the  rirridatioii.  Wassrrniami  irj- 
jecletJ  some  neutral izeil  tiKviu  into  the  lund-fbot  ijf  a  guiiiua-jiiir  arid 
«aw  no  result.  Next  he  injeeted  i*ome  adrenalin  into  the  hind-f*Mit 
-of  an*»ther  guiuea-|iig,  and  alter  this  agent  had  c*;iusi'<l  the  eaj>illaries 
to  coutmet  he  injeeted  some  of  the  saniu  neutraliztHl  toxin,  and  the 
animal  l>eeame  tetanized.  The  eireulatiou  being  stt^|i|HHl,  tlii-  antitoxin 
could  not  reju'lj  tlie  central  nervous  system,  but  the  ehannel  of  absf»rp- 
tion  of  the  toxin  was  oj>eii,  aiul  tlie  e<:>nelusion  ouist  be  that  the  ti»xin 
broke  away  from  it>  e<>mlaaation  and  was  absoriieiL  On  the  other 
band,  wlien  tlie  mixturt- oi"  toxin  und  antitoxin  was  allovveil  to  stand 
8ome  hours  and  was  then  injeeted  into  an  animal  after  atbvnaliu  treat- 
ment, no  symptoms  were  produeetl,  since  firm  union  had  beeonu*  estab- 
lished Wtween  tfje  two  suljstanees,  and  the  toxin  eouUI  no  hjuger  free 
itH.>lf. 

Toxins  are  cleeidedly  unstable,  their  strength  diminis^hing  with  age. 
Ehrlieh  found  that  a  single  antitoxic  unit  saturated  very  variable  amounts 
of  different  toxins,  and  that  a  ueutrnlizi'tl  mixture  of  one  nntitoxie  unit 
«nd  diphllieria  toxin  often  reijuirrd  the  addition  of  many  minimum 
lethal  dieses  (the  amount  necesf^ary  to  kill  a  2'j(J-gramme  guinea-pig  in 
4H  hours)  of  the  toxin,  in  onler  to  j>rodn<*e  a  fatal  result,  Tlie  eom- 
bining  power  of  the  toxin  was  found  to  be  unimpaired,  but  its  toxic 
pro|jei1y  had  diminishe<I,  and  from  this  iari  Ehrlieh  (^>uclu<h'<l  that  the 
toxin  moleeule  pos^^esses  two  iudependont  groups  of  atoms,  one  of 
wdiieh,  tlie  toxoplmiT,  is  prone  to  undergo  alteration  of  structure,  while 
the  other,  the  haptophore,  rcnuiins  uninipaircHb  To  this*  degenerated 
toxin  mr>lecule  Ehrlieh  aiiplied  the  term  TfixauL  By  reason  of  the 
fnet  that  the  haptophores  i>t*  tlie  toxoids  are  uuim|>air*'d,  an  animal 
treated  with  toxoids  Ciin  dahorate  antitoxic  substnnres,  the  toxtiids  at- 
taching thenistdvt^  to  the  cells  in  the  same  way  as  the  toxins.  Study- 
ing tiie  degenerated  toxins  further,  Ehrlieh  foimd  in  addition  to 
Toxntjf's,  which  are  original  jn^rMlucts  feebly  toxie  to  the  jiervou8 
fivstcm,  a  number  of  miHli(ieations  possessiug  weaker  atlinitic^  f<»r  anti- 
toxin and  for  rcll^  than  those  of  toxins,  hut  eajitddi'  of  eondiiuiug  wilh 
antitoxin  and  of  producing  sh»w  jKusomnis  et!eet»,  as,  for  example, 
paralysis*  To  these  intermediate  prcHluets  he  gave  thf*  name  Kjti- 
iaxoiflM.  He  found  also  other  modilications  which  possef^s  grt^ater  aJlinity 
for  antitoxin  than  has  toxin,  and  to  tlicsc  he  gave  the  name  Protoforotth. 
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To  still  others  possessing  the  same  d^ree  of  affinity  that  toxin  has  for 
antitoxin  he  gave  the  name  Syrdoosoids.  Further  research  by  Madseo 
and  Dreyer  and  Ehrlich  has  demonstrated  the  existence  of  Toxonmdt, 
poisonous  for  one  specie  but  not  for  another,  and  of  Prototoxin,  Dfu- 
terotoxin,  and  Ti^iidoxin,  possessing  different  affinities  for  antitoxin,  and 
also  alpha  and  beta  modifications  of  each. 

Through  the  fact  that  toxoids  are  unimpaired  as  to  their  haptophore^:, 
so  that  they  can  link  themselves  to  the  cells  and  yet  cause  no  ill  efifects, 
Wassermann  and  Bruck  were  enabled  to  prove  experimentally  the 
increased  production  of  receptors.  They  found  that,  using  an  old 
wholly  non-poisonous  tetanus  toxin  on  a  rabbit,  they  could  get  n(> 
antitoxin  production,  and  this  indicated  either  that  the  material  inject«l 
could  pnKluce  no  physiological  action,  or  that  if  it  caused  the  prolifera- 
tion of  receptors  they  were  not  cast  off  by  the  cells  into  the  blood. 
But  they  demonstrated  that  the  toxoid  did  act,  for  the  animal  could 
withstand  a  normally  fatal  dose  of  the  toxin,  the  toxoid  having  united 
with  the  cells  to  which  the  toxin  would  have  linked  itself.  On  wait- 
ing several  days  until  the  receptors  b^an  to  be  produced  in  overabun- 
dance, thus  increasing  the  number  of  points  of  attachment,  they  found 
that  the  animal  not  only  could  not  withstand  a  minimum  lethal  dose, 
but  was  killed  by  a  smaller  dose  than  is  required  to  kill  a  normal 
animal.  This  showed  that  the  receptors  were  produced,  but  not  cast 
off;  and  being  retained  by  the  cells  they  gave  the  toxin  an  extra  num- 
ber of  points  of  attachment  through  which  to  poison  the  cells,  whereas 
had  they  been  o^ist  off  they  would  have  linked  themselves  to  the  toxin 
in  the  blood-stream  and  thus  neutralized  it.  It  appears,  therefore,  that, 
when  the  receptors  are  overproduced  they  require  for  their  liberation 
some  stimulus  which  the  haptophore  itself  is  incaimble  of  supplying, 
and  that,  under  ordinary  conditions  of  immunizing  with  toxins  instead 
of  with  wholly  non-poisonous  toxoids,  this  stimulation  ci>mes  from  the 
toxophore  group. 

A  true  antitoxic  serum  is  obtainable  only  by  injecting  soluble  toxins, 
and  it  happens  that  the  only  jMithogenic  bacteria  that  produce  them  to 
any  considerable  extent  are  those  of  diphtheria  and  tetanus,  the  otheis 
retaining  their  poisons  in  some  form  of  combination  with  their  proto- 
plasm. The  pn)duetion  of  immune  serums  for  the  bacteria  of  the 
latter  cla<^  requires  the  injection  of  the  bacterial  cells  themselves,  either 
living  or  killcil,  the  latter  being  mast  often  employed  for  the  first  in- 
jections. There  is  this  very  importimt  difference  between  the  senims 
obtained  through  the  injection  of  toxins  and  those  caused  by  the  in- 
jection of  the  bacterial  cells  themselves  :  tlie  former  are  antitoxic — 
they  neutralize  the  sjwcitic  |K>ison  ;  the  latter  are  not  antitoxic,  but  they 
act  a<rainst  the  bacteria  themselves.  While  the  experimental  work 
aloiiir  the  line  of  priKluction  of  bactericidal  serums  has  been  enormous, 
and  while  our  miderstanding  of  the  processes  which  go  on  ta  the  body 
is  constantly  growing,  no  such  measure  of  success  has  yet  been  achieved 
as  in  the  oas<'  of  the  diphtheria  antitoxin. 

Bacteriolysis. — In  18""   '^^       "       wvered  that  normal  serum  and 
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various  body  fluids  have  the  power  to  kill  and  dissolve  various  species  of 
bacteria,  and  that  this  property  disappears  when  the  same  are  heated  to 
55°  C.  (131°  F.)  or  allowed  to  stand  for  a  week  or  more.  This  prop- 
erty was  ascribed  by  Buchner,  in  1892,  to  the  influence  of  substances 
which  be  called  Alexins  (now  known  as  CainpleiiientH),  The  living 
animal  has  the  same  power  when  the  organisms  are  injected  in  not 
excessive  numbers.  Thus,  one  can  inject  small  dwes  of  cholera 
organisms  into  a  guhiea-pig  without  causing  any  injury,  and  if  the  dose 
be  gradually  increased  the  animal  becomes  so  resistant  that  it  can  with- 
stand a  single  dose  of  many  times  the  amount  that,  in  an  untreated 
animal,  would  inevitably  cause  death.  In  other  words,  the  animal 
becomes  immune  to  cholera ;  its  system  has  undergone  changes  whi(;h 
enable  it  to  destroy  the  si)ecific  organism  in  ordinarily  overwhelming 
<loses.  If  its  serum  is  injecte<l  in  very  small  amounts  into  other  guinea- 
pigs,  the  latter  also  acquire  the  same  immunity.  It  was  shown  by 
Pfeifier,  in  1894,  that  animals  thus  artificially  immunized  could  receive 
without  harm  into  their  peritoneal  cavities  doses  of  cholera  germs, 
which  within  20  minutes  would  be  dissolved  by  the  peritoneal  exudate ; 
and  he  asserted  that  the  result  was  due  to  a  substance  different  from 
Buchner's  alexins  and  produced  in  the  body  during  the  process  of 
immunization.  He  showed  also  that  a  non-immunized  guinea-pig,  which 
would  be  killed  by  the  intrai)eritoneal  injection  of  a  certain  dose  of 
-cholera  germs,  could  withstand  the  same  if  some  heated  immune  serum 
(thus  deprived  of  its  complement)  were  introduced  at  the  same  time ;  and 
lie  concluded  therefrom  that  the  immunizing  material,  although  it  had 
been  exposed  to  heat,  had  not  lost  its  bactericidal  property,  and  that  it 
had  influenced  the  organization  in  some  way  so  that  it  could  destroy 
the  bacteria.  I^ter,  it  was  discovered  by  Bordet  that  the  bactericidal 
power  can  be  restored  by  the  addition  to  the  hejited  sonmi  of  a  small 
amount  of  normal  serum  from  a  ncm-immunized  guinea-pig,  thus  show- 
ing that,  for  the  solution  of  the  bacteria,  two  substances  are  requirtnl, 
one  of  which  (complement)  is  a  normal  constituent  of  the  blood,  and 
the  other  (immune  Ixxly)  a  substance  called  forth  by  the  immunizing 
]>rocess.  While  the  perfectly  fresh  immune  serum,  like  fresh  normal 
serum,  has  power  to  dissolve  cholera  organisms  /;/  vitro,  so,  too,  on  kwp- 
ing,  it  loses  it ;  but  the  addition  of  some  fre>h  normal  senmi  or  of 
some  peritoneal  exudate  restores  the  proj>erty  ;  that  is,  it  reactivates 
the  inactive  serum.  This  was  shown  by  Metschnikoff  and  by  Bonlet 
(in  1896)  prior  to  the  beginning  of  experimental  work  in  haemolysis. 
It  is  thus  evident  that,  with  both  normal  and  immune  senmi,  two  sub- 
st^mces  are  involvtnl  in  the  process  of  bacteriolysis  :  one,  the  comple- 
ment, is  thermolabile  (destroyed  at  55 °  C.)  ;  the  other,  the  immune 
body,  capable  of  conferring  immunity,  is  thermostable  (resistant  to  heat). 
HfiBinolysis. — The  aban<lonnient  of  tnmsfnsion  of  blood  was  caused 
«o  long  ago  as  1809  by  the  fact  that  mark(Kl  destruction  of  the  n»d 
<5ells  was  found  to  occur,  as  was  shown  by  the  htemoglobinuria  which 
followed  the  operation  ;  but  tninsfusion  c*an  be  praotise<l  without  injury 
l)etween  animals  of  the  samt*  species  and  betwc^en  certain  animals  closely 
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relatufl,   as,    fur    example,   Ix/tween   tlie   doy:    aiid    the   wolf;   but 
Wtwerii  unrelated  K|MHnes,  a>  tht*  dui^  and  ral>i*it,  or  the  dt^  and  h<»i 
lialiljit  ?*erum  will  dlririnlve   tlie   red   corpuscles  of  the   i 


mriDkev,  and  niau,  hut   not   those  of  the   1 


lare  ; 


guinea -pig 


i^enjra 


against  tlie  eorpuscle^s   of    rats   and    nnee,   but  not  against    tbo^ 
rabbits;  human   eoriiusctes  are   dissolved   by  the  serum  of   the  hon 
monkey,  ox,   shet*p,  ete.     Attliongh   ti'ansin>iun  was  abandonttl  at 


time 


arul  tor  the  reason  state<l,  tlie  liienioJytic  action  ot   ljloo*i  H*r\\m 
attmeted  but  little  atteutioii  until  1808,  when  it  wa.s  shown  by  Belfaiui 
and  C'urboue  that  the  blood  serum  of  horses  whieh  had  bfen  treutiti  viitb 
injeetious  of  rabbit  blood  was  jmisiuious  to  rabbits,  while  that  r»f  liur;^ 
not  so  treatcfl  had  no   such  pntperty.      Later,  Botxiet  annoutiei'*!  tin 
guinea-pigs,  after  a  similar  euurse  of  treatment  with  rabbit  bIo<.»d,  yi< 
a  serum  which  will  di.ssoh'e  the  rtnl  corpn stales  of  a  rabbit  with  \ 
rapidity.      The  ssune  solvent  action   was   fountl   to   l>e  exerted  hy  ik 
sernni  of  other  aninitds  trc^itiHl   similsirly  with  alien   bhKKl,  and  it  ^1 
shown  that  it  is  a  sj>ei!itic  action  ;  that  is,  that  it  is  exerted  (withcer 
few  exeefjtions)  only  agiiinst  the  red  corpusi'len  of  the  particular  f^ywm 
whose  blood   is   used   for    injection.      In   otlier  w^ords,  if  species  A 
inje*'te<l  with  the  bKn id  of  species  B^  A*s  seruni  will  acquire  the  projKfi 
of  dissolving   IVs  corpuscles,  but   not  those*  of  sjKvies  C  or  D. 
destruction  of  blood  cells  is  km^wn  iis  HamottisU,  and  the  agent©  wliiil 
bring  it  about  are  termed  Htrmnhit^lm,     The  nature  of  the  ha*moKi 
substaune  has  lieen  the  subjwt  of  mueii  investiguticm,  which  has  pm\T< 
that  the  solution  is  ettectetl  not  by  one  single  ctinstituent  of  the  scr 
acting  alone,  but   by  two  acting  together,  each  being  powerless  in 
absene^^  of  the  other.     Ten   ymrs   previously,  in    1888,  Xuttall 
pointed  out  that  many  normal  serums  possess  tlie  prt»pt.*i'ty  of  ilestro%id 
bacteria^  and  that  this  ceases  on  ex]Hisiu*e  of  the  serum  to  a  temperate 
of  5r)^C,  (i:]!"^  F.).      In  vest  igii  ting   hsemolysis,  Bonlet  found  that; 
this  process,  tt>o,  the  pro|K'rty  (lisapiMj'ars  at  this  temjieraturr,  but  can  ( 
restored  by  the  addition   \}(  a  very  small  amount  of  serum  of  anotb 
aniraal   of  the  same  sfw-cies,  that  has  not  l>ern  subjet*te<l  U»  treatniei 
that  is  to  say,  of  a   normal  animal,      Later,  it  was  discovercH;!  that  an 
inactivate<I  normal   or   immune  serum  can  be  i*eaetivate<l,  n<it  only  hy 
normal  serum  from  the  same  spet^es,  Init  also  by  that  of  other  atiimiite 
not  necessarily  nearly  related.      Thus,  goat  serum,  which  is  haemolvt* 
for  guinea-pig  and   rabbit  IvIoihI,  loses  this  property  on  being  heiitrd  J 
55*^  C,  but  gaius  it  again  on  the  a<ldition  of  horse  serum,  which  it 
has  no  action  whatever  on  raltbit  blood. 

It    was   clciir,  then,  that   at   least   two  substances   are    required 
hiemolysis  ;  one   unable   to   resist  cxj>c>strre  to  55°  C,  but  existing 
both  normal  and   immunized   animals,  and   the  other,  resistiint  to  ofl 
and  even  65 "^  and  70"^  C,  and   existing  tmly  in    the  serum   of   those 
imniunize<^!.     To  the  former,  common   to  both  kinds  of  .serum,  Bonl 
applied  the  term  Alexin^  invent€*d  in   1892  by  Buchner  for  the  bacte 
cidal  substances  which  Xuttal!  ba*l  shown  to  exist  in  normal  bliKul  ; 
the  other,  found  only  in  the  serurn  of  the  immunizeil  animal,  heappli 


tbe  ttTTn  SuhiittJure  Heti^tlfttytwttrit'f,  Tluso  ti*rm.'^  and  niimy  others  that 
huve  Imi'Ii  rniutHi  as  sulistituirs  huvr  Invn  .sn|K'rMtli'il  rt-|KT'iivoly  by 
i\iin})ft'm4'iif  ( IChrlirlijutui  IintHunrhtnitf{  I^toitter)  or Amboripitfr (^KiivVwhy 
The  iictual  solvent  suhstaiiee  Ls  the  eonijjli'meiit,  but  it  cannot  net  uulenst 
the  inmiune  botly  (nnibcx^-ept^jr)  }>repares  the  red  ef>r[riiscles  tlinmgh  8ome 
nie;um  of  its  own,  fixinu^  itself,  aeeMi'dini;  to  Khilieli  ami  Morgenmth^ 
in  I  lie  reil  eells  themselves.  The  eoinj)lernent  is  not  only  less  resistant 
to  heat  tliaii  the  immune  body,  hut  is  less  persistent  on  storage  of  the 
R'rnm.  Itive^tigatiun  l»y  Ehrlieljaiid  Morj^i^enroth  of  the  power  of 
n«»rmul  bloiKl  ^eruni  to  ili'^solve  alien  corjaiseles  demonstrated  that  this^ 
t<M>,  «]nes  iJot  dojx'ud  niion  a  single  substanee,  as  was  niaintaiiietl  by 
HMne»  i>ut  u[)on  two  snbstaui'es  aeting  together,  as  had  l>eeii  proved  to 
be  the  ttise  witli  immune  serum.  The  i^eeond  .Hubstanee  analogous  to 
the  immune  body  is  now  known  as  tlie  Iniirhodi/,  (io'initrf'm^  or 
ZirMienkdrprr.  Ehrlieli  ati<l  Morgenroth  j>rf>ved  also  that  a  normal 
ft-^nim  which  will  destroy  tlie  red  erlls  «»f  more  tlian  one  antm:d  speeies 
possesses?  an  interlxwly  for  eui'h  speeies,  and  dill'ercnt  complemeuts  *ds 
well* 

A  hj^molytie  serum  is  intensely  poisonous  to  the  animal  spei-ies 
whose  bloofl  has  Ijeen  employed  in  its  pHMhietion,  injet^tions  of  a  few 
cuUO'^Ofiati metres  causing  destruction  of  the  blofMl  cells  in  vmynre. 
It  acts  like  a  toxin,  antl  similarly  an  artificial  immunity  to  its  aetior* 
can  be  pn»duced,  an  antiha?molysin  being  formed  in«itead  of  an  anti- 
tfjxiu. 

In  attempting  to  discover  the  relationshi(>  of  tlie  active  constituents 
<jf  hiemolytie  serum  tw  the  bloi>d-ce!ls  which  it  dissolves,  and  to  deter- 
mine upon  what  its  specific  action  depends,  Ehrlich  ami  Morgenroth 
had  recourse  to  a  most  ingenious  ex|Mriment,  by  which  they  pmved 
that  the  immune  body  ec  mi  bines  witli  the  corpuscles,  and  that  the 
t^ombiualion  is  of  a  chemical  nature  and  resists  attemj>ts  tf>  break  it 
apart, ^  The  specificity  of  the  union  was  sImjwu  liy  the  fact  that  the 
eiimbination  does  ntit  fK'tnir  when  IjlrxMl  is  used  otlier  tlian  that  for 
which  the  serum  is  hmmnlytic.  They  proved  also  that  a  similar  eom- 
binatinn  iH-tween  the  lilond  corpuscles  and  complement  does  niit  <H*cur, 
and  that  the  immune  body  fjossesses  two  nflinities  ;  one,  very  strongs 
for  the  ct>r|)usclc,  and  (aic,  less  strong,  for  the  couiplement.  Sinw  the 
hitter,  as  [jroveil,  has  no  ei>mbining  affinity  for  the  retl  corpuscle,  Itj* 
action  nmst  l»e  dependent  upon  the  interposition  of  some  agent  which 
has;  and  this  is  the  immune  body,  with  its  two  combining  groups. 
Therefore,  it  is  plain  that  thc^  (nnctifai  of  the  immune  bjdy  is  to  enable 

'  TIk'v  iJe-H»rojed  the  complemt'iil  u^  n  glial  i^enim  that  was  hemolytic  for  jiheep  blood 
hy  beating  it  for'a  hiilf-hmir  at  o5**  C,  llien  ad*ied  4  vdliimys  nf  a  5  per  c^nt,  niixtare 
Mf  h1ii'*.'|*  bliKxl  in  0.75  f>er  rent,  stih  sfilutinB.  loid  aftiT  letting  the  mixuire  Htand  for  16 
miriMtes  M  40^  i\  Ihey  rjnisfd  all  iht?  i"or|iuflck-^  to  se^panilo  tit*  ii  seditnenl  by  cynlrifu- 
gat  ion.  That  none  of  I  lie  imniuTie  hxly  was  pmsent  in  the  siuwmataint  fltiitl  Ihej 
(iinivttt  hy  xnhlini?  to  the  hitter  furjoie  mure  Khee|i  hlood  and  riomial  penjm  (conta-ining- 
iMHiiplemnnLMmd  lindin^  ihal  the  eoriMiside*  wpto  nol  diK^^olved,  as  they  wonid  tiave 
bp^-n  in  ttie  pre?^.^n<T^  of  the  tmnnine  h<i<iy.  The  seditnent  of  torpiLSL'lts  whieh  Jiad  cum- 
bintnl  with  ihe  immune  body  wnn  mixeii  with  normal  (coni|*lemenl-conUiining)  oenun^ 
ami  after  a  time  the  corpiuicleB  wene  dise^olFecL 
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the  complement  to  attack  and  dissolve  the  corpuscle,  and  this  it  does 
by  acting  as  a  coupling-link  between  the  two.  Its  r5le  is  the  same  in 
bacteriolysis,  binding  the  complement  to  the  bacterial  cell  in  the  same 
way.  Diagrammatically,  it  may  be  shown  as  in  Figure  114.  It  will 
be  seen  that  the  same  relations  exist  between  the  immune  body  and  the 
blood  corpuscle  or  bacterial  cell  as  between  a  toxin  and  its  antitoxin. 
Both  the  immune  body  and  the  antitoxin  possess  haptophores,  which 
fit  respectively  the  receptors  of  the  blo(xi  corpuscle  and  the  haptophofe 
of  the  toxin.     They  are  analogous  products — ^free  side-chains. 

Fig.  114. 
.Z^v^rpotoxfc  group 
C     --COMPLEMENT 

^^TL^  -Ha-pfopbore 

-TO  -Complewewtopbile  qrovip 
-IMMUNE   BODY 
LCy^op^'^l^     qvoup 

.T^eceptors 


The  importance  of  the  study  of  the  phenomena  of  haemolysis  lies  in 
the  fact  that  analogous,  if  not  identical,  prooo8r?es  oc<;ur  in  bacteriolysis; 
and  it  happens,  too,  that  experiments  with  blood  cells  are  more  simple 
and  convenient  in  several  respects,  among  which  is  the  fact  that  they 
can  be  carried  out  in  vitrOy  and  they  are  also  better  adapted  to  accuracy. 
Although  the  study  of  bacteriolysis  antedates  that  of  haemolysis  by  ten 
years,  it  is  to  the  latter  that  our  knowledge  of  immunity  is  especially 
due. 

The  side-chain  theory,  which  originally  applied  to  the  production  of 
specific  antitoxins  and  was  then  extended  to  the  formation  of  specific 
bacteriolysiiis  and  luemolysins,  was  finally  broadenetl  so  as  to  apply  ^ 
well  to  the  production  of  all  other  antibodies  of  whatever  nature 
caused  bv  the  introduction  of  any  substance  which  can  combine  with 
receptors  in  the  bwly  and  bring  about  the  overproliferatioii  and  setting 
free  of  the  siinie.  It  is  not  to  be  sup]>osed  that  the  b<Kly  cells  are  of 
such  simple  structure  that  they  have  affinities  for  only  nutritive  mate- 
rials, toxins,  alien  bloods,  and  pathogenic  bacteria.  As  has  been  pointeil 
out,  the  living  cells  are  enormously  complex  aggregations  of  exceed- 
in<]:ly  complex  molecules,  and  Ehrlich  holds  that  the  atom -complexes 
have  a  great  diversity  of  functions  and  combine  with  whatever  sul)- 
stances,  and  only  those,  for  which  they  have  receptors  ;  and  these  sub- 
stances naturally  must  possess  atom  groups  (haptophores)  which  can 
link  themselves  to  the  cell  receptors.  The  haptophores  of  the  im- 
munizing substances  are  quite  distinct  from  the  atom  complexes  which 
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have    fuDctional   peculiarities ;  for  example,  the  toxophore  groups  of 
toxinSy  and  the  zymophore  groups  of  ferments. 

Illustrative  of  the  complex  nature  of  body  cells  and  of  the  multi- 
plicity of  atom  groups  which  they  possess,  may  be  cited  the  production 
of-  various  other  cytotoxins.*  Thus,  the  injection  of  alien  spermatozoa 
causes  the  production,  in  the  serum  of  the  animals  injected,  of  s[)ecific 
substances  termed  Spemiotoxins,  which  have  the  power  to  immobilize, 
if  they  do  not  dissolve,  the  spermatozoa  of  the  species  from  which 
they  are  derived,  and  also  to  hsemolyze  its  red  corpuscles.  Again,  in 
the  same  way,  a  serum  can  he  obtained  by  injection  of  ciliated  epithe- 
lium from  the  trachea  of  the  ox  which  will  have  a  similar  action  on 
this  form  of  cells,  and  this  serum  also  is  htemolytic  {Trichotoxi7i«).  By 
injecting  material  from  the  central  nervous  system,  from  the  liver,  from 
the  kidneys,  from  the  mesenteric  glands,  and  from  bone  marrow,  specific 
serums  have  been  obtained  which  are  poisonous  respectively  to  the  nerve 
cells  (Xeurotoxim),  liver  substance  {Hefxiiotoxin»)y  kidney  substance 
(Xephrotoxi7i8)y  and  leucocytes  (^Ijeucotoxins).  Each  of  all  these  pos- 
sesses a  thermolable  complement  (destroyed  by  exposure  to  55°  C.^ 
and  a  thermostable  immune  body.  But  this  is  not  all.  The  study  ot 
the  pnxluction  of  antibodies  has  gone  much  farther,  and  it  has  been 
proved  that,  proceeding  in  the  same  way  as  in  immunizing  animals 
against  toxins,  a  variety  of  antibodies  can  be  produced.  Thus,  by  be- 
ginning with  very  small  doses  of  specific  haemolysin  and  gradually  in- 
creasing the  amount  of  the  injection,  an  antihsemolytic  serum  can  be 
pnxluoed,  which,  when  added  to  the  hemolytic  serum,  will  inhibit  the 
latter's  action.  Investigation  has  demonstrated  the  existence  in  anti- 
hsemolytic  serums  of  anticom])lement  and  anti-immune  bmlies,  both  of 
which  are  specific.  In  the  same  way  can  be  produced  antispermo- 
toxins,  antileucotoxins,  and  even  antibodies  to  these  antibodies.  An 
enormous  amount  of  I'esearch  work  of  a  most  complicated  and  ingen- 
ious nature  is  going  on  constantly,  having  for  its  object  the  solution  of 
the  many  problems  of  immunity,  and  these  few  facts  are  given  merely 
as  examples,  for  a  general  survey  of  the  subject  in  all  its  branches  is 
beyond  the  scoj)e  of  a  work  of  this  nature,  particularly  until  a  wider 
practical  application  can  be  made  of  the  numerous  discoveries. 

Complements. — The  elements  of  blood  serum,  which,  through  the 
intermediation  of  the  immune  body,  bring  about  the  destruction  of 
alien  blood  cells  or  bacteria,  are  not  producH'd  as  a  result  of  an  immun- 
izing process,  but  are  normal  constituents  of  the  blood.  As  statwl 
elsewhere,  Ehrlich  has  demonstrated  that  the  blood  contains  not  one, 
but  a  multiplicity  of  complements,  and  that  they  may  differ  in  their 
resistance  to  heat.  Thus,  the  serum  of  a  goat  immunizeil  with  ^heep 
blood  lost,  on  l)eing  heated  to  oo®  C,  the  }X)wer  which  it  possesses 
normally  to  dissolve  rabbit  corpuscles,  but  was  ha?molytic  for  shwp 

' "  Cytotoiin  in  used  for  any  aubstancc  in  senim,  venom,  or  bacterial  cultures,  or  of 

{>Iant  ori^n,  which  destroys  cellular  element,s  either  animal  or  vegetable.  The  haemo- 
ysins  and  other  toxic  substances  which  kill  but  do  not  dis.«()lve  cellular  elements  are 
included  under  Cytotoxins,  also  the  bacteriolysins  ( Iwictericidal  substance,  alexin)." 
Nuttall,  Blood  Immunity  and  Relationship,  ]).  14. 
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blt>ud  until  it  was  lit^ated  to  65*^  C\  Mo&^t  complements,  however, 
are  destroyed  at  the  former  temj)enitiire.  The  multiplicity  of  eniupU'- 
ments  i.s,  however,  a  matter  of  disa^rei^ment  betwecD  Ehrltch  and  ^lo^ 
genroth  jiod  others,  on  the  one  hand,  aud  G ruber,  Bordet  aud  {Wit 
followers,  on  the  other;  but  the  weight  of  experiraental  evidemr ap- 
pears to  be  w^ith  the  former,  who  maintain  that  a  different  com  pi  '  ' 
is  required  to  link  itself  to  immune  hiMlies  that  are  sipecifically  j 
lytic  for  diflerent  kinds  of  blood  eorpus-ek^. 

Complements  are  believed  to  exert  a  sort  of  digestive  fermentative 
action  ujion  the  cells  (blood  or  bacteria)  to  which  they  are  linked  by 
the  immune  body.  They  lose  this  property,  as  a  rule,  when  they  are 
heated  to  55^  C*  They  are  believed  to  contain  two  itiiportaot  atom 
complexes  ;  one,  the  haptophore,  with  an  affinity  for  a  similar  gnmp  ia 
the  immune  bmly  ;  the  other,  the  zymotoxie  group,  is  the  fuDctioDal 
(digestive)  part.  It  is  the  latter  that  is  affected  by  exposure  to  55°  C, 
the  former  still  pos.sessing  the  power  of  combining  with  the  immu 
body  and  of  stimulating  the  production  of  anticomplement  when 
heated  normal  serum  is  injecte<l.  Complements  that  have  been  deprived 
of  their  zymotoxic  groups  are  analogous  to  toxoids,  and  are  kDowa  as 
com  pieman  foids. 

Ad  imraune  serum,  while  it  acquires  a  large  amouat  of  tmmiuie 
body,  does  not,  as  a  rule,  gain  any  additional  amount  of  complemeiit; 
and  inasmuch  as  the  two  work  together,  it  cannot  exert  its  full  power 
in  test-tube  experiments  without  the  addition  of  a  sufficiency  of 
plement,  which  can  be  supplied  in  such  experiments  by  the  addition  i 
normal  serum.  In  the  practical  therapeuticjil  application,  however.! 
a  bactericidal  serum,  the  necessary  complement  may  exist  already  in  i 
tilood  of  the  patient ;  and  inasmuch  as  such  a  eerum  may  cone 
many  thousand  times  as  much  immune  body  as  com  plement »  it  follow 
that  a  relatively  small  dose  will  be  sufficient  to  furnish  an  enormous 
nund>er  of  linking  bodies  to  enable  the  complement  of  the  blmxl 
perform  its  office  ;  but,  as  will  ap|K^ar,  there  may  be  an  insufficient  ^^ 
ply  of  complement  for  the  attainment  of  the  desired  result,  and  iti 
practice  the  deficiency  cannot  easily  be  made  up.  Moreover,  an  exce^ 
of  immune  body,  as  also  will  appear,  may  act  to  the  disadvantage  •»! 
the  subject      (Si»e  page  746.) 


As  to  the  source  of  the  complements,  there  is  considerable  dJi 
ment.     By  some  they  are  believed  to  be  secretory  pnjducts 
leucocvtes  and  of  other  kinds  of  cells,  manv  of  which  have  beenshowT 


to  have  phagocytic  properties  ;  Mctschnikoff  Indieves  that  they  are  not 
secretory,  hut  ^lecomposition,  prmlucts  of  the  leucocytes  ;  Pfeiffer  and 
others  believe  that  the  leucocytes  are  in  no  way  concerned  in  their  pro- 
duction, and  Wasserniann  asserts  that  these  are  practically  their  only 
source. 

While  the  process  of  immunization  appears  to  have  no  influence  in 
increasing  the  amount  of  complement,  it  is  doubtless  the  case  tbil 
their  amount  in  normal  serum  is  subj*^t  to  more  or  less  fluctmifion  in 
the  same  individual  from  day  tu  day  under  varying  conditions  of  health 
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^iml  disturbance  of  tlie  hcwiy  functions.  Thus,  Ehrlich  and  Morgt^nroth 
have  pt'nvtMJ  the  disapptarjin'e  nf  complement  in  poisoning  by  phot*' 
phorus,  and  Metsdxnikofr  its  dinunntinn  following  sujvpnmtion.  It  is 
[KKssible  that  reihuxd  resistance  to  iniVction  may  depend  upon  the 
reduetioo  of  complement  by  tlie  spimtaneiius  priMlnetion  of  anticom- 
)>lement  in  the  system.  Although  tliis  spontimi»ous  prtHhtclion  has 
not  yet  Ikx^u  denionstnited,  it  has  l>eeu  prove^i  l)y  Wasserniiinn  that 
the  injeetif»n  of  antieomplenieuts  increases  susceptibility  to  infection. 
Anticomplement  can  he  prwlueed  (Bordet)  by  injection  of  complemeDt 
(normal  serum  of  another  species),  thns  causing  the  production  of  a 
serum  which  is  antagonistic  to  hicniolysis  and  bacteriolysis,  since  the 
anticomplcmcnt  j>ossesses  a  haptfijrhore  grtaip,  whictj  links  itself  to  the 
corresfK>nding  group  of  the  complement  and 
thus  preventi?  a  similar  union  of  the  i.%itn- 
plement  and  immune  f>ody.  This  action  is 
t^bown  diagram  ma  tically  in  Figure  11 -'j. 

Except  in  those  Ciises  in  which  the  com* 
j)lcments  of  the  two  species  possess  identical 
combining  gr<^up,s,  the  aiiticomplemeuts  are 
sptH.alic  bodies  ;  that  is,  they  combine  only 
^vith  their  specific  complements.  The  union 
tjf  complement  and  anticomplement  is  very 
firm,  as  has  been  shown  by  Bonlet,  w^ho 
found  that  it  cannot  be  broken  np  by  heat. 

ImMiiiie  Bodies. — The  immune  bodies, 
believed  by  the  Ehrlich  school  to  originate 
thrtiugh  the  saturation  of  jsionie  particular 
atom  complexes  (side-chains)  of  simie  |jar- 
tii'ular  cells,  are  s|MX"iiic  boilic^  ;  for  exam- 
ple,  that   which    links   complement    to    one 

kinit  of  blotnl  cell  will  not  act  for  that  of  another  specie^s  ;  that  which 
makes  possible  the  destruction  of  a  cholera  germ  will  exert  no  action 
a  gM  i  n  st  the  b;  i  c  i  1  b  i  s  of  ty  p  h  i  li <  1  fever.  T ha  t  t bey  c  x  i  st  i  n  on  e  fo  rm  a nd 
another  in  the  system  unilcr  normal  conditions  is  genemlly  admitted, 
for  in  the  normal  metabolism  of  the  cells  it  is  assumed  that  various 
suhstances^ — nutritive  substances,  for  example — stimulate  the  over- 
prcjduction  and  liberation  of  side-chains,  among  which  may  be  some 
tliat  arc  identical  with  those  which  originate  in  consequence  of  the 
introduction  of  alien  bloods,  bacteria,  and  otlier  foreign  substances, 

Whether  each  immune  h*Kly  is  a  single  detinite  substance  or  a  com* 
bination  of  substances  having  special  ailiniti*'s  for  different  materials  is  a 
matter  in  dispute,  the  fonner  view  being  held  by  Bordet  and  Metschni- 
koff"  and  tlic  latter  by  Ehrlich  and  Morgcnrotli,  who  bring  forward 
c*Ttain  experimenlal  y>roof  of  the  correctness  of  their  view. 

It  has  been  sliown  that  diflcrcnt  kinds  of  blood  cells  possess  some 
similar  receptors,  and  that  esich  cell  ap[wars  to  have  thei^^  atom  complexes 
in  great  variety,  so  that  a  given  cell  may  be  able  to  link  itself  to  the 
receptor  t»f  this  or  that   immune  UAx  and  not  to  that  of  s^ime  other; 
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and  Ehrlich  and  Mor^^imrtli  rrtpird  the  imrnum*  lM>dy  *»f  a  siTUin  ii*the 
fiurn  tritiil  af  its  utiiiiities  fur  ^liflrrtMit  c*olls,  eaoh  convsjuiuding  t<H»w 
jKiriifjl  iniiininr  hudy,  A  partirulnr  kind  of  hl<MKl  cell  or  spi»cii*s  of 
bacteria  iutmdured  int^*  an  animaF^i  system  mayor  may  nr^t  find  wrrp- 
sspiiniling  rcTepturs  for  pach  of  its  many  tlitforent  combining  attmi 
f't*rH|»lexe>?  UT  liaptofihores.  If  It  should  not  tind  them,  then  »>nly  t 
|Kirt  of  the  |Mjssil)le  ntirnl»iT  of  partial  imnmnc  IhkUcs  will  Ik*  prmlutt^l 
Uy  the  aniniuL  In  another  i>pecit'*5  of  animal,  i*ther  receptors  mny  W^ 
imd  are,  present ;  and  in  conseiiuence  tlie  immniie  brKlies  pntdnee*!  hj 
the  two  must  differ  to  some  extent  iu  their  eonipositiou,  etxvh  itmuiiim^ 
certain  attmi  groups  or  partial  immune  htxlio  that  the  other  laeks»  an«l 
^•Avh  ditieriog  in  similar  res[*eets  fnmi  those  prtnluced  by  utlier  ^ttruT^ 
<.>f  aninials  suhjecte*!  to  the  8ame  and  to  diflerent  stimuli.  If  Ehrlirli 
and  Morgenruth  are  correct — and  the  weight  of  experimental  evidence 
iippears  to  indicate  that  they  are — tlie  enqjloyment  of  baeteri<»lytie 
serums  nia*le  l>y  conibininij  a  number  of  serums  deriveil  from  ditlereot 
species  of  animals  ou^ht  to  give  l)etter  therapeutical  results  than  oue 
derive*!  from  one  Hj>ecie.s,  and  hence  containing  a  smaller  assortment  of 
jKkisible  comljining  groups.  The  greater  the  \'ariety  of  tbef*c  gn>t»|**» 
the  greater  the  possibility  for  the  human  system  to  bring  it«  o-km piemen ts 
into  aetiim  ;  a  nil  these  cannot  exercise  tlieir  ftmcti»«ns  imle-ss  ihey  find 
the  na^essary  intermediary  agents— the  immune  or  pmiiat  immune 
bodies*  Indeed,  it  apjH\^rs  certain  that  in  many  exj>erimeDtj;  witk 
lysins  a  number  of  diilercnt  imnmne  l>o<lies  or  pjirtial  inimnnc  lKi»lir» 
are  concerned.  Inasmiieh  as  the  atom  complexes  or  oombiuing  i;n»ups 
of  the  molectdes  tliat  make  nji  the  baetcrial  cell  may  not  be  absolutt^lf 
alike  in  different  races  of  the  siime  bneterial  s|>ecic*s,  it  \s  reasonable  to 
lielieve  that  an  immune  serum  produet^d  through  the  eraploymenl  of 
one  particular  culttuv  will  not  affect  all  ditfennit  culture^  of  that 
organism  equally.  In  tact,  that  is  wluU  oi\en  is  sec^n  in  actual  pntc 
tice :  a  bactericidal  serum  is  active  in  a  certain  nnml>er  of  csir-s  aiul 
of  no  vahu'  in  others.  Hence,  as  pointed  out  by  AVaf?«K*rmann/  tlw*  wwy 
out  of  the  tlifliculty  is  t<»  employ,  not  a  single  coltnrep  but  a  onmlHTof 
different  enltnres  df  tlie  sanu^  Imcterinm  in  the  preparation  of  a  st^nmu 
in  this  way  securing  a  very  large  number  ami  variety  of  pariiat  i:nuj|K 
Such  a  serum  Wassermann  would  call  viHUijHivttal. 

In  the  same  way  that  antieoniplement  cim  be  produc*ed  by  the  injiNtinn 
of  nornuil  serum,  so,  also,  can  (>ne  bring  about  the  formation  «>f  nnti- 
inunune  liody  by  injceting  an  iumiune  serum  into  an  animal  in  small 
and  graduully  increasing  doses,  after  the  method  foUowed  in  imniiini- 
y.ation.  The  resulting  genim  will  cont^tin  Ixith  anti-immune  b^ly  anJ 
anticomplement. 

Agglutinins. — It  was  »»bs(n'vrtl  sf>  long  ago  as  1^69  by  Creite,  and  in 
1875  by  Laudois,  that  the  bliMnl  K^rum  of  an  animal  when  mixf*<l  witk 
the  re^J  corpuscles  of  many  other  sj>ecies  causes  them  to  come  togetlKT 
in  clumps.  In  his  experimenti?  in  luemolysis,  Bordet  observed  thsit  k 
a  hfemolytic  senmi  this  property  is  increases!  ;  tliat  the  agglutinntit»ft 
*  New  York  Mediral  Jounial  and  liiiliult  Iplilu  Mniiral  J^ninuil,  (Kiiilji.r  li\  TitM 
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precedes  the  solution  of  the  cells  ;  and  that  the  increase  in  agglutinating 
property  is  specific — that  is  to  say,  it  is  increased  with  resj)ect  to  the 
kind  of  blood  corpuscles  that  have  been  employed  in  the  process  of 
pnxlucing  the  hwrnolytic  serum,  and  also  to  some  extent  for  that  of 
closely  related  sp(»cies.  The  substanw  which  brings  about  this  phenom- 
enon is  called  an  Agghdinin.  It  is  not  destroyed  by  exposure  to  55**  C, 
and  it  may  resist  even  70°  C. ;  and  so  a  haemolytic  serum  which  has 
been  heated  to  that  temjxjrature,  while  it  loses  its  hemolytic  property, 
18  still  ca|)uble  of  causing  agglutination.  The  exciting  cause  of  its 
genesis  is  sup[)osed  to  reside  in  the  stn>ma  of  the  injected  corpuscles* 
According  to  Stewart/  the  injection  of  the  stroma  of  an  alien  blood 
stimulaU^s  the  pHxluction  of  agglutinins,  while  the  cell  contents  stimu- 
late more  especially  the  production  of  hsemolysins. 

The  same  agglutinating  i>ower  is  possessed  by  some  normal  senims 
for  bacteria,  and  similarly  it  is  specifically  increased  in  bacteriolytic 
serums.  The  agglutination  with  which  we  are  most  familiar  is  that 
which  is  employed  as  a  means  of  diagnosis  in  suspected  typhoid  fever 
— the  Gruber-Widal  reaction.  The  serum  of  a  person  ill  with  that 
disease,  diluted  with  bouillon  and  mixed  with  a  culture  of  typhoid  germs 
will  csiuse  the  latter  to  clump  together.  This  happens  whether  the 
bacilli  tire  living  or  dead.  The  agglutinin  may  jwrsist  in  the  system 
for  many  months  or  years  after  an  attack  of  typhoid  fever,  suggesting 
a  persistence  also  of  the  s|)ecific  bacilli,  which  we  know  to  be  often  the 
case,  since  they  may  be  discharged  in  the  urine  continuously  for  many- 
months  after  recovery. 

The  bacterial  agglutinins  were  studied  first  by  Gruber  who  concluded 
that  in  some  way  they  affect  the  bacteria,  so  that  they  can  be  killed 
and  dissolved ;  but  experimental  evidence  tends  to  show  that  they  are 
not  necessarily  injured,  and  that,  on  the  contrarj',  they  am  even  continue 
to  multiply,  even  though  agglutinated.  It  has  been  shown  by  Bordet 
and  Malkoff  that  the  bacterial  agglutinins  and  the  hsemagglutinins 
combine  with  the  bacterial  cells  or  blocnl  cells  in  the  same  way  as  the 
go-l)etweens  (Zwischenkorjwr)  of  normal  serum. 

The  agglutinins  are  complex  substances  possessed  of  haptophores, 
which  combine  with  haptophores  in  the  blood  cells  and  bacteria,  and 
other  atom  groups  which  cause  the  chnnpiiig.  The  cells  ujMni  which 
they  act  (l)l<K)d  corpuscles  and  bacteria)  contain  what  is  called  "agglutin- 
able  subst4ance,"  which  also  is  made  up  of  at  least  two  atom  complexes, 
one  of  which  is  a  haptophore,  as  mentioned  above,  and  the  other  is 
sensitive  to  the  atom  group  which  cjinses  the  clumping.  Thus,  the 
phenomenon  of  agglutination  is  analogous  to  the  chemism  of  htemolysis 
ami  bacteriolysis ;  but  the  one  is  apj>arently  not  dej)en(lent  upon  the 
other,  for  haemolysis  and  bacteriolysis  may  o<*cur  without  agglutination, 
and  agglutination  may  occur  without  subsiH|Ucnt  solution.  Thus,  dog 
serum  will  agglutinate  but  not  destroy  anthrax  bacilli,  and  rat  senim 
will  destroy  but  not  agglutinate  them. 

'  American  Journal  of  PhjBiolojfv,  XI.,  No  3.,  June,  1904,  p.  250. 
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Ehrlich  regards  the  agglutinins  as  s|)eeial  pnxlucts  in  an  immone 
serum,  analogous  to  the  baeteriolysins  and  hsemolysins. 

The  atom  complex  that  causes  agglutination  is  very  susceptible  to 
the  action  of  acids  and  other  substances,  and  when  it  is  deprived  of  its 
functional  power,  the  result  is  the  same  as  with  toxins  that  have  lust 
their  toxophore  groups :  the  agglutinin  retaining  its  haptophore  group 
is  converted  to  an  agglutinoid,  just  as  a  toxin  becomes  a  toxoid  ;  it  still 
can  combine,  but  it  cannot  agglutinate. 

Precipitins. — If  the  serum  of  one  species  of  animal  be  injected  int4> 
an  animal  of  another  not  closely  related  species,  the  serum  of  the  latter 
will  acquire  the  property  of  precipitating  part  of  the  proteid  material 
of  that  of  the  former  when  the  two  are  mixed  together.  For  example, 
if  we  mix  normal  rabbit  serum  and  horse  serum,  we  observe  no  rea(y 
tion ;  but  if  we  inject  a  rabbit  with  horse  serum  at  proper  intervals, 
after  a  time  its  serum  will  acquire  the  property  of  causing  a  precipitate 
when  it  is  mixed  with  horse  serum.  The  substance  which  is  developed 
in  this  process  of  immunization  and  which  brings  about  the  reaction  Ls 
known  as  a  Precipitin.  Precipitins  are  not  wholly  specific  in  their 
action.  A  serum  obtained  by  immunizing  with  the  serum  of  species  A 
may  precipitate  the  latter  and  also  that  of  some  other  closely  related 
species.  This  was  pointed  out  first  by  Nuttall,^  whose  extraordinarily 
extensive  researches,  conducted  with  hundreds  of  different  kinds  of 
blood  and  involving  the  making  of  many  thousands  of  tests,  have  been 
very  rich  in  results  valuable  alike  to  students  of  zoologj',  physiology, 
and  immunity,  and  also  to  those  who  have  to  do  with  medico-legal 
investigiition  of  suspected  blood  stains. 

Precipitins  have  been  found  in  certain  normal  serums.  Thu-s  ox 
serum  will  precipitate  that  of  man  and  also  that  of  a  number  of  other 
species,  and  the  same  is  true  of  the  serum  of  dogs,  goats,  and  other 
animals.  They  have  been  found  also  in  the  serum  of  animals  inimu- 
nized  with  bacterial  cultures  ;  these  are  known  as  bacterio-precipitins 
and  are  specific  for  the  culture  filtrates  of  the  germs  employed  and  for 
solutions  of  the  material  within  the  bacterial  cell. 

Precipitins,  like  agglutinins,  are  far  more  resistant  to  heat  than  the 
other  immune  substances,  their  functional  property  being  not  com- 
pletely destroyed  under  70°  C.  They  combine  in  a  definite  chemiail 
way  with  the  substances  precipitated,  but  the  reaction  is  prevented  by 
acetic  acid.  They  are  believed  to  contain  two  essential  atom  groiip>: 
one,  unstable  and  functional ;  the  other,  a  stable  combining  (hapto- 
phore) group.     Precipitoids  analogous  to  agglutinoids  are  known. 

There  is  another  form  of  precipitin,  called  Coagulin,  which  is  de- 
veloped in  the  process  of  immunizing  animals  with  other  albuminous 
substances.  Thus,  by  employing  milk,  there  is  developed  an  immune 
body  that  will  coagulate  milk  of  the  same  kind  as  used.  These  lacto- 
t^erums  are,  in  some  instances,  also  specifically  haemolytic  and 
8permotoxic. 

The    agglutinins    and    the    precipitins    are  more  complex  than  the 
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toxins  and  less  so  than  the  haemolysins  and  bacteriolysins.  Ehrlich 
conceives  of  the  individuals  of  this  group  of  immune  substances  as 
possessed  of  two  atom-complexes,  one  of  which,  the  haptophore,  holds 
the  substance  acted  upon,  and  the  other,  the  zymophore,  exerts  a  fer- 
mentative action  which  brings  about  the  change.  (See  Fig.  116.) 
They  are  called  by  Ehrlich  Receptora  of  the  second  order.  The  receptors 
of  the  first  and  second  orders  are  known  also  as  Uniceptors. 


HdiptopboTr 


[yTfWopVjore  group 


The  immune  bodies  concerned  in  haemolysis,  bacteriolysis,  and  other 
lyses  are  more  complicated  than  the  antitoxins  (receptors  of  the  first 
order)  and  the  precipitins  and  agglutinins  (receptors  of  the  second 
order).  In  this  third  kind,  one  haptophore  group  fixes  the  bacterium, 
blood  cell,  epithelium  cell,  food  material  or  other  substance  concerned 
by  the  corresponding  group  in  the  latter,  while  another  haptophore, 
represented   usually   as   another  arm,  links  to  itself  the  complement 
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AMBOCEPTOR 
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through  the  mutual  attraction  of  the  complementophile  (haptophore) 
group  of  the  immune  body  and  the  haptophore  group  of  the  complement. 
Both  are  held  separately  by  the  same  kind  of  affinities,  and  the  comple- 
ment can  proceed  to  exercise  its  digestive  function  upon  its  companion 
in  captivity.  This  is  shown  diagram  mat  ically  by  Figure  117,  in  the 
use  of  which  and  of  the  others  presented  in  this  chapter,  it  must  be 
borne  in  mind  that  the  action  is  not  mechanical,  but  purely  chemical, 
and  that  the  figures  are  mere  diagrams  and  represent  bodies  which 
never  have  been  seen.  Figure  117  is  but  another  way  of  expressing 
the  same  idea  as  Figure  114. 
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The  iiniiiiinf  Ixxlies  c»f  this  oImss  nw  known  as  R^t'eplont  of  thi 
Vurtl  tn-ff*r.  When  they  are  furnied  ami  thrnst  out  like  the  antitiixin*] 
into  the  hlocxi  .strtsHii  in  roMse<jn<*Hee  o(  Muue  ininiiiuixing  proec**?",  tinr 
art^  kmnvii  its  AmhorrpiarH  ^  and  those  wliieh  are  not  hi  ci!iu^^lj«it  i 
exist  normally  in  tho  serum,  are  termed  Inietjuedmiy  Imdm^  Zwiadui*-^ 
korpef\  and  (jo-ln'ttrnifja. 

From  tlie  faet  that  all  nveptorn  of  whatever  order  pof^s^en  liaft^l 
[vhore  |j:roii[>s,  EhHieh  *nills  ail  free  reeeptnr?^  Ilapthis,  Thert*  are] 
douhtless  many  more  varieties  of  liaptins  than  have  yet  Iw-fn  t*on»>«  iv«il' 
of,  and  an  iniinite  nunjl>er  uf  snli-varietioH  of  eacli  ki«d. 


Metschmkoff's  Theory. 

Metsehnikiilf  s  theory  uf  Phaf^cKntusit^,  whieh  tUitesi  back  to  \^^\ 
hohls  that  baeterial  invasion  of  the  system  is  folluwed  by  either  att 
tion  or  repulsiyn  of  the  leueo^ytes  and  (»ther  phagocytic  cells  by  iiiel 
haeteria,  whieh  in  the  former  east^  beeonie  ahntrbed  and  destrtiyetiJ 
In  «ise  the  pha^ijoeytes  are  repelltKl,  or  if  the  attnictioD  is  only  piirti:il,J 
»y  that  some  haeteria  eseajx',  nudtiplication  of  the  invaders  oocut\J 
with  consequent  lesions.  The  ijmperty  of  being  attnietet!  or  repellt^ 
is  known  as  VhrmiofnTh,  whieh  is  respec*tively  [>ositive  or  neg:itive»| 
In  case  of  natural  immunity,  the  ehemiotiixis  is  jKisitiv^e  and  the  eelUj 
nu>ve  toward  the  bueteria  and  euglobe  them  ;  in  gusceptibility,  it  \^ 
negative  or  imly  partially  positive,  or  tlie  phagocytes  may  not 
the  recpiisite  |)bagoeytic  jvower.  In  the  aeiiuirement  of  immnnit^',  tlifti 
negative  ohemiotaxis  is  eon  verted  to  the  positive  form  by  the  intHHliioJ 
tirm  of  very  small  numbers  of  the  sjMH'itie  bacteria  or  of  weakein 
eulture?^,  whieli  bring  abijut  a  tolerance  on  the  part  r>f  the  phagocyte*, 
whieh  eventually  are  enabled  to  attni'k  and  destroy  the  organ  isms 
uumbrTs  whi*4i  ordinarily  wonld  eanst*  deatli.  The  phagocytes  ineliu 
the  mononnelear  and  pnlynK^rphonuelear  leueoeytes,  eert^nn  cells  in 
serous  cavities,  eonuei'tive-tissiie  spaces,  lymph  mules,  neuroglia,  splt^ 
pulp»  ami  in  the  lirdng  of  small  bhxxi vessels,  and  elsewhere  ;  bat  tlwH 
cliieHy  engaged  are  t!jt^  leneiHntes. 

Tlie  destructifin  of  Imeteria  In'  ttie  [jhagocytes  is?  attributed  to  the 
|jresenee  of  digistive  ferinents,  whieh  Metsehuik«»ff  calls  ( )ftajwiiy  nwA 
wliieh  in  their  funetiou  correspond  to  the  f»omplemeul>  oi  Ehrlich. 

M**tseluiikoflf*   l)elieve^    that  what   the   Ebrlieh  schrwd  tndls  imnnij 
bodie-  and  forn[ elements  are  proihiciHl    within  tlie   phag<K*ytic  in.*!!,  al 
that,  in  natural  imtuuriity,  they  are  retamed  within   the  evil  ;    whilt* 
the  artitieial   fiUMn,  the  imnume  1hkK%  but  not  the  en ^mp lenient,  is  liln 
ate<l  into  the  plasma,      lie  explains  the  presence  of  the  two  sub?^tanQ 
in  an   immune  serum  as  a  eonsei|Uenee  of  disintegration  of  phagocyl 
{PhHf/o/ifsts)  ;  biU  Wassernianu  has  demonstrateil  that  complement  exi 
naturally  in  the  frtT  state  in  the  tdood.      He  believes  that   under  or 
nary  conditions  the  liacterium  ist  englolxtl  bv  the  cell,  which  pnxhid 
iKith  subs  tan  ees  necessary  for  the  process  of  destruction.      In   what 
known  as  **  Pieitl'er's  phencunenon  "  |st*e  page  733),  Metschnikoff  as.M 
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that  the  phjigocvtes  x\n'  hroktni  up  in  (*MiiseqiK'iU4'  tjf  the  ri|K'nitinh  nii 
the  imim:il,  uihI  thus  flu-  fvtjtse  (^'onijilernt^iTt)  is  liberate  J  ;  hut  tliis 
alle^nl  phagMly>i,s  is  denied  uikI  di??pnived. 

The  Ali'tst^hiiikoff  seh4x>I  aaserte  that  not  mdy  tlie  process  of  bac- 
teriijlysis,  Iviit  also  that  of  hiL'tiicilysis,  is  rtirritKl  chi  l*y  the  leucm-ytes; 
that  they  alst*  cdjsurli  and  destrny  tlie  sulnblr  toxins  ;  that  untieoriiple- 
nieiits  ilu  nrtt  iientrali/ee<init»lrnu'nts,  hut  nietvly  |iandyz(^  tiie  leucf»eytett  ; 
and  tiiat  the  eirenlatiiig  hluiMl  has  ito  haeterieidal  puwer* 

Both  the  EhrUeli  and  the*  Metsehnikoff'  s4'h<M)is  agree  that^  in  aeqnired 
nmnuiiity,  two  snhstjjiiees,  innnune  body  and  einnplenieiit,  ari"  neecssary  ; 
tile  ti inner  insists  that  tliese  exist  in  a  IVee  state  in  the  hlood  ;  the  latter, 
that  tiiey  are  eontaine<l  within  the  pliagoeyti<*  cells.  Both  agree  that 
tite  inimune  b^nlies  are  wholly  sptx*ifie,  hut  the  MetselnukoH'sehool  in8ists 
II I  win  two  euninion  eonipleineiits  {MfienH't^anr  and  Mirrueijiasi),  The 
Khrlieli  sehiKil  n-eopiizes  the  inijHirtanee  of  the  leucocytes,  but  does 
not  agree  as  to  their  iVile, 
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While  it  is  true  that^  in  s[ate  «>f  tlie  vast  aiiiount  of  expenmeiitation 
on  the  snljje«*t,  the  praetit*al  applieiitioii  of  what  !ms  In-eu  thns  far  dis- 
covered  to  the  pre%'eiitiou  and  cure  of  disease  has  made  eoniparatively 
little  proj^rress,  it  must  be  home  in  rniial  that  the  problems  of  hineheniis- 
try  are  exeeedinji^iy  eonl]lh^\  ;  that  the  work  of  st^lviu^  tliein  is  of  quite 
reeent  origin  ;  tliat  the  pursuit  of  nieiluMls  i'or  their  solution  has  iit^ccs- 
sitated  the  investigation  ul"  many  j^oints  fif  apjmreiitly  iudireet  relation 
to  the  main  qiu^stiou  ;  and  that  one  is  i>hlit«t*<I  to  reason  largely  from 
phenomena  wliieli  are  the  outronie  of  proeesses  whieh  do  not  i>ccur  in 
nature,  it  may  lie  said  that  the  whole  sul*je<t  is  still  in  its  infancy, 
and  th;*t  oidy  a  small  part  of  the  tnundatirju  of  the  final  structure  ha.< 
yet  l>eeii  laid.  Thus  far  the  indy  really  hrilliant  residts  aehievi'<l  in  the 
pmetieal  ajudieattfui  of  tlie  discfjveries  in  inniHiuity  are  limited  to  one 
iliM^ast*- — |)i]ihtherta— the  toxie  material  of  wluc*h,  l)eing  soluble  an<l 
extnuTlhdar,  makes  easily  possilile  the  pnKluetion  i*f  an  imnniiu'  serum 
which  can  he  user!  eiHier  as  a  ]>rophylacticor  as  a  mrative  agent.  The 
patlm;renie  organisms  other  than  those  of  diphtheria  au*I  tetiunis  retain 
their  toxins  within  tlirir  cell  substance,  and  the  innnune  serums  produced 
by  their  iutrochietit^n  into  living  animals  are  not  atitiloxie,  but  ha<v 
t<'riolytic,  and  exert  oulv  tempor4iry  |initecti<in  an<l  but  slight  curative 
action. 

The  laek  of  (Success  in  the  treatment  of  diseases  ojinsed  by  this  clui?s 
of  bacteria  is  due  probiilily  to  the  disparity  in  the  ainruiut  of  anilM>- 
ecptor  am!  conijilemrnt  in  the  immune  serum.  \^  lias  been  jMiintotl 
iint^  a  bacteriolytic  immune  serum  era itains  an  enormous  itxcrease  in  the 
amount  of  specific  amboceptor  (sonietime^i  100,000  time^  a»  mueli|» 
btit  no  uierease  in  complemeut.  Inasmuch  as  the  eonjoiut  aetiou 
of  b(^th  in  neccssiiry  for  the  destruction  *A*  the  bacterial  cells,  it  follows 
that,  unless  the  patient  can  tiirnish  the  uecessary  amount  of  complement. 
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the  treatment  must  fail.     To  supply  the  needed  additional  complement 
is  not  an  easy  matter,  even  if  normal  serum  be  injected,  on  account  of 
the  multiplicity  of  complements ;  for,  according  to  Ehrlich  and  Mor- 
genroth,  each  kind  of  amboceptor  requires  a  different  sjjecific  comple- 
ment ;  and  hence  they  recommend  the  immunization  of  different  species 
of  animals  with  the  same  kind  of  bacteria  and  the  utilization  of  a 
mixture  of  the  several  serums,  thus  bringing  into  action  amboceptors 
and  complements  which,  although  differing  according  to  the  species  in 
which  they  are  produced,  are,  nevertheless,  si>ecific  against  the  same 
organism,  and  some  of  them,  at  least,  may  satisfy  the  needs  of  the 
human  system.     Not  only  does  a  deficiency  of  complement  in  itself 
present  an  insuperable  obstacle  to  successful  treatment,  but  the  excess 
of  amboceptor  may  also  work  injuriously  by  preventing  the  available 
complement  from  exercising  its  function,  as  has  been  shown  by  Neisser 
and  Wechsberg,  who  proved  that  it  may  unite  directly  with  the  com- 
plement, which  has  a  greater  affinity  for  free  amboceptor  than  for  that 
which  has  linked  itself  to  the  bacteria ;  whereas,  in  the  absence  of  an 
excess,  the  complement  will  unite  with  that  which  already  has  engaged 
the  bacteria.     Thus  it  happens  that  successful  treatment  depends  upon 
the  very  difficult  problem  of  bringing  together  in  the  diseased  system 
the  proper  amounts  of  amboceptor  and  complement  to  cope  with  the 
s|>ecific  bacteria.     An  excess  of  complement  is  not  to  be  thought  of, 
but  a  material  excess,  either  of  amboceptor  on  the  one  hand  or  of 
specific  bacteria  on  the  other,  is  fatal  to  success. 

DIPHTHERIA. 

As  has  been  stated,  the  disease  in  which  the  most  brilliant  results?  have 
been  achieved  in  the  application  of  an  immune  serum  is  Diphtheria, 
against  which  the  agent  may  be  employed  either  as  a  means  of  cure  or 
as  a  prophylactic.  Its  introduction  as  a  cunitive  agent,  in  1 894,  mrt 
at  first  with  much  adverse  criticism,  but  its  value  was  soon  fimily 
established,  and  statistics  of  cases  to  the  numl^er  of  hundreds  of 
thousands  testify  that  the  mortality  has  been  reduced  from  alxnit  40 
per  cent,  to  about  15  per  cent,  or  lower.  The  statistics  of  the  Bo?ton 
City  Hospital  show  that  of  3067  eases  treated  during  the  period  lcS88- 
1S1^4,  48  per  cent,  resulted  fatally  ;  while  with  antitoxic  treatment  the 
death-rate  of  14,910  received  during  the  i>eriod  1895—1904  was  hut 
11.84  per  cent.  Duriujij  the  year  endiu*^  Decoml>er  31,  1904,  the 
death-rate  was  9.57  per  cent.,  and  if  those  easels  which  ended  fatally 
within  twenty-four  hours  of  admission  are  eliminated,  this  figure  is 
redncfMl  to  ().95  per  cent.  Preventive  treatment  has  been  pnictiseil  exten- 
sively in  schools,  hospitals,  and  other  institutions  for  chihlren,  but  the 
immunity  thus  conferred  is  but  transient.  In  a  children's  hospital  in 
which  an  outbreak  of  diphtheria  occurred,  Lohr  *  immunize<l  46<^ 
inmates  and  the  outbreak  was  chec^ked,  no  cases  occurring  within  three 
weeks  of  the  operation.     Later,  a  few  cases  occurred,  which  illustrated 

'  Jahrbuch  fiir  Kinderhuilkuruie  und  physische  Erziehun^,  September,  1896. 
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the  temporary  nature  of  the  immunity.  Of  99  patients  with  measles, 
treated  because  of  the  special  danger  of  diphtherial  supervention,  not 
one  was  attacked.  Similar  outbreaks  in  children's  institutions  have 
repeatedly  been  checked,  but  since  the  protection  conferred  is  so  tran- 
sient, reappearance  of  cases  is  likely  to  occur,  as  in  the  instance  cited ; 
and  to  guard  against  this,  it  is  advisable  to  remove  the  inmates  long 
•enough  to  give  the  premises  a  thorough  disinfection. 

According  to  Netter,^  immunity  begins  after  24  hours  and  wears  off 
within  3  or  4  weeks.  He  recommends  that,  when  a  case  of  the  dis- 
-ease  occurs  in  a  school,  hospital,  or  other  institution  for  children,  the 
other  inmates  be  treated.  The  treatment  is  advisee!  also  in  measles  and 
>>carlet  fever  wards  as  a  preventive  of  possible  diphtherial  complication. 
An  instance  is  given  in  which  the  disease  was  a  frequent  complication 
Jn  a  measles  ward,  2  to  4  cases  occurring  during  each  of  4  months,  and 
19  in  the  next  succeeding  6  weeks,  after  which  period  each  child  was 
treated  on  entrance  and  no  further  cases  occurred.  The  employment 
of  the  immunizing  treatment  as  a  routine  practice  is  advocated  by  Caill6  ^ 
for  young  schoolchildren,  for  the  purpose  of  preventing  primary  infec- 
tion and  diphtherial  complication  of  scarlet  fever  and  measles.  He 
recommends  two  treatments  during  the  school  year. 

The  serum  employed  acts  upon  the  toxins,  but  it  is  not  bactericidal, 
and  hence  does  not  act  upon  the  bacilli  which  secrete  them  ;  but  Was- 
sermann'  has  brought  to  notice  a  serum  which  acts  upon  the  bacilli 
themselves.  It  is  the  result  of  the  inoculation  of  the  specific  bacilli  in 
large  numbers,  rather  than  of  the  toxin,  and  causes  changes  in  the  in- 
tracellular substance  of  the  bacilli,  and  agglutination.  Schwonc  having 
shown  that  such  a  serum  obtained  by  the  inoculation  of  a  single  culture 
acts  upon  only  a  limited  number  of  other  cultures,  the  experiment  was 
tried  of  treating  the  same  animal  with  a  largo  number  of  cultures,  and 
in  this  way  there  have  been  obtained  "  multij)artial "  senims  which 
agglutinate  all  cultures  subjected  to  their  action.  Wassermann  has 
made  the  important  discovery  that  with  such  a  serum  it  is  possible  to 
overcome  the  bacilli  that  so  often  remain  for  a  long  time  in  the  naso- 
pharynx, and  thus  prevent  the  patient  from  being  liberated  from  house 
•quarantine.  A  strongly  agglutinating  semm  is  evai)orated  to  drj-ness 
in  vacuo,  mixed  with  sugar  of  milk,  and  made  into  tablet*,  which  on 
being  dissolved  in  the  mouth  confer  upon  the  fluids  of  the  same  the 
pr()j)erty  of  agglutinating  the  bacilli,  which  then  can  be  removed  by 
spraying  or  gargling.  A  tablet  is  dissolved  every  two  hours,  and  after 
fifteen  minutes  the  clum{)ed  bacteria  are  removed  by  the  spray  or  gargle. 
By  this  treatment  the  nasopharynx  has  in  many  cases  been  freed  from 
the  bacilli  within  a  few  days. 

^  Bulletin  de  1' Academic  de  M^^lecine,  March  18,  1902. 

'  Archives  of  Paediatrics,  ( )ctoher,  1903. 

•  New  York  Medical  Journal  and  Philadelphia  Medical  Journal,  October  15, 1904. 
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TETANUS. 

Like  (liplithrna,  tetiinii;*  is  due  tn  extnicellular  toxins  which  an* 
prinl licet!  Uy  tin-  lucaliztfil  hai-illi.  They  are  eoiiveye<l  in  the  hlornl 
^^trciini  to  the  cells  of  the  eentml  nerv*ous  system,  for  which,  as  bashi^i 
t^hiiwn,  tliey  hitve  a  seleetive  attinity,  atid  with  which  they  fonn  h  v«*ry 
eh^se  iJi»ioD.  Altiiough  it  is  possilde  to  [inKhiee  an  antitoxic  i^eruni 
whieh,  in  te??t-tnlH/  experitneuts,  acts  etiuiJly  well  with  the  drpbthiTui 
antitoxin  in  tJeutraliziug  the  sjieeitie  toxins,  ilie  antitoxic  tiY^atnieot  "it" 
the  disease  has  tailed  signally  in  fnltillin^;^  exjK<'tations.  This  is  bet^ibe 
In-fore  the  diagnosis  ain  \k'  establishwl,  the  iiijnry  to  the  cells  has  \n 
effected  iieyond  the  possibility  of  i-ejiair.  The  antitoxin  is,  houev< 
valnablr  in  aborting  p^)SHible  attack,  and  its  injection  has  liecomi" 
i»utine  jvruetiee  in  cases  of  gtujshot  Wiiunds  and  similar  aceiden 
e8}>ecially  after  the  annual  observance  of  Indcpentlence  Day. 


In  hay  fever  we 
of  bacterial  origin, 
annoying  etrnditinn 


HAY   FEVEE. 

have  a  trne  intoxication,  but  the  toxin  i?  not 
The  discovery  of  the  cause  of  this  exe<x?*linply 
is  due  to  tlie  investigations  of  Proft^ssor  William 
Dnnbafj  of  Mam  burg,  wlio  provnl  thnt  the  <lisease  is  due  nnt  U 
bacteria,  hut  to  the  i>oi8on  containtd  in  the  pollen  grains  of  vari^tu-i 
grasses.  In  his  first  (^^mimunication  *  he  showed  the  difference  in  tb<' 
way  susceptible  and  nun-siisi-eptiljle  persons  react  to  the  dissolvt^l 
toxin  ;  f>  cjf  the  fornKT  subjci:ted  to  its  influence  *Ievelof>e«l  lyiiioa! 
symptoms,  and  2D  of  the  latter  were  in  no  way  afttKitetl.  In  a  lat*T 
jtapcT-  lie  sht>wetl  that  the  autumnal  catarrh,  which  is  peculiar  to  dii'^ 
continent^  is  mused  by  the  pftUen  of  gnldcnmd,  nigweod  and  othir 
weeds  not  indigenous  t4i  Europe.  In  I  he  Name  way  that  dijihthtria 
antit(>xin  is  produced,  Dnnbar  obtains  a  liorse  serum  which  nentrali/js 
the  pollen  toxin  completely.  This  toxin  i.'^  so  powertul  that  ont^-forty- 
tbousamhh  part  of  a  miJligrara  (corresponding  to  2  or  3  jH^Jlcn  grain?*) 
is  sutlicicnt,  when  placed  in  the  conjiuictivul  s*ic  of  a  suscepliblc 
son,  to  cause  an  attack  lasting  several  hours,  but  it  will  yiehl  ntiidi! 
to  the  antitoxin,  :Vlthough  tlie  toxin  of  the  gniss  pollens  ilifft*rs  fn 
those  n(  the  pollens  of  goldenrod,  ragwef*d,  etc,,  the  gras^-jKiHen  an^ 
toxin  neutralizes  them  alb  Statistics  eollectetl  by  various  wrilf! 
abrojtd  and  in  this  country  show  most  favonilde  results  i>f  tTf*jitin«l 
Unlike  d![>htheria  antitoxin,  Dunbar's  |»reparations  (liqui<l  and  |»oi 
dered  fbrrus)  cannot  be  employed  subcntaneonsly,  but  are  appli 
loi-ally.  The  s<Tiim,  eva^wnitcnl  to  dryness  and  convert<'<I  to  a  firi 
jutwder  with  sugar  of  milkj  is  administered  as  a  snuff  in  very  small 
doses.  It  does  not  confer  lasting  imnt unity,  and  mni^t  be  resorted  To 
tlurifig  the  s^^ason  at  intervals  of  a  day  or  two,  or,  if  the  outdoor  alrl>e 
unusually  rich  in  pnllen,  at  intervals  of  a  few  hours.     For  apjilicatiori 

'  iViits'he  ine^ticimHt  lie  Woihenstknft,  Ft*bruarv  2*i,  1903. 
2  Berliner  klmiat4ie  Wmiicnsi^jriri,  Junt-  15,  22,  and  21>,  l&<Xi. 
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to  the  eyes,  the  serum  itself  is  preferred.  It  is  said  that  in  the  majority 
of  UDsuccessful  cases  either  the  antitoxin  is  not  used  sufficiently  often 
or  is  taken  in  excessive  amounts,  which  aggravate  the  difficulty.  In 
some  cases  the  mucous  membranes  are  in  such  swollen  condition  as  not 
to  permit  absorption. 

DTSENTERT. 

The  exciting  causes  of  dysentery  (Shiga's  and  Kruse's  bacilli)  clal)- 
orate  toxins  which  appear  to  be  approximately  identical,  and  which 
can  be  used  for  the  production  of  antitoxic  serums.  Shiga  claims  for 
his  serum  a  diminution  in  mortality  amounting  to  about  50  per  cent. 
Kosenthal  *  isolated  a  toxin  from  bouillon  cultures  of  the  bacillus,  with 
which  he  succeeded  in  obtaining  an  antiserum,  which  is  said  to  have  had 
about  the  same  measure  of  success  that  Shiga  claims.  The  extensive 
researches  made  in  this  country  during  1903  and  1904  into  antidysen- 
teric  serum  have  led  to  the  conclusion  tliat  it  is  not  a  success. 

TYPHOID  FEVBE. 

Numerous  attempts  have  been  made  to  produce  an  antityphoid 
serum  for  the  treatment  of  the  disease  when  it  has  become  estab- 
lished, but  as  yet  the  results  have  been  very  disappointing,  although 
Ohantemesse  *  claims  that  in  the  treatment  of  765  cases  with  his  serum 
during  a  i)eriod  of  three  and  a  half  years,  a  very  low  mortality  has 
been  observed.  During  the  same  period,  the  cases  treated  in  othiT 
Paris  hospitals  yielded  an  average  mortality  of  18  per  cent.,  the  lowest 
shown  by  any  one  of  the  institutions  being  12.8  i>er  cent.  The  765 
cases  treated  with  his  serum  showed  a  mortality  of  but  4  per  cent. 

For  Jez^s  antityphoid  extract,  obtained  from  the  organs  of  animals 
inoculated  with  typhoid  bacilli,  is  claimed  ^  that  it  nnluct^s  the  tempera- 
ture, strengthens  the  pulse,  and  shortens  the  attack.  It  is  given  at  first 
in  doses  of  15  c.c.  once  or  twice  an  hour,  and,  after  the  first  remission, 
at  intervals  of  three  hours.  When  the  morning  temperature  falls  to 
about  100°  F.,  the  extract  is  given  thrice  daily. 

By  grinding  typhoid  bacilli  frozen  by  means  of  liquid  air,  Macfad- 
yen  and  Rowland^  succeeded  in  obtaining  their  intracellular  toxins, 
which  they  injected  in  small  repeated  doses  into  animals,  which  then 
yielded  a  serum  which  prove<l  to  be  both  antitoxic  and  bactericidal, 
neutralizing  the  isolated  intracellular  toxins  and  destroying  the  bacilli. 

That  the  toxins  of  the  typhoid  bacillus  are  not  wholly  intracellular 
is  asserted  by  Rodet,  LagrifToul  and  Wahby,**  who  found  that,  while  the 
l)acilli  secrete  toxic  products,  these  are  largely  adherent  to  the  exterior 
of  the  cell-substance,  and  are  of  unstable  character.  Nevertheless, 
experimenters  believe  them  to  he  the  cause  of  the  systemic  disturbance. 

^  DeutHohe  mo<liciniM<»ho  Wochenschrift,  1904,  No.  7. 

« PivsBe  M^licale,  1904,  No.  Sfi. 

'  Therapeuti«ohe  Monatshofte  XV.,  1901,  No.  9. 

♦  Centnilblatt  fiir  Bakteriolo|?io,  etc.,  XXXIV.,  p  018. 

*  Archives  de  Med.  Rx{)er.  et  d^Vnat.  Pathologique,  July,  19(H. 
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The  preventive  inoculation  of  sterilized  cultures  of  typhoid  bacilli 
appears  to  have  been  very  successful.  Among  the  favorable  reports 
the  following  may  be  cited:  Wright^  reports  that  of  11,295  mea 
of  the  British  Indian  army  under  observation  for  nine  months,  0.95 
per  cent,  of  those  inoculated  (2,835)  and  2.5  per  cent,  of  those 
not  inoculated  (8,460)  acquired  the  disease.  Of  a  smaller  numlrer 
of  susceptible  persons,  Wright*  reports  that  1  in  77  of  the  inoculated 
(541)  and  1  in  4  of  the  non-inoculated  (114)  were  seized. 

In  the  beleaguered  garrison  of  Ladysmith,  South  Africa,  there  was 
much  typhoid  fever.  Between  November  2,  1899,  and  Februan-  2, 
1900,  there  were  1,489  cases  among  the  10,529  who  were  not  inocu- 
lated, and  only  35  among  the  1,705  who  had  been  inoculated,  instead 
of  250,  which  would  have  been  the  probable  number  otherwise.  The 
death-rates  of  the  two  groups  were  respectively  3.12  and  0.047.  Later 
statistics  published  by  Wright  ^  deal  with  a  much  larger  number  of 
men  of  the  Indian  and  South  African  armies.  In  India  there  were 
744  cases  of  the  disease  with  199  deaths  among  55,955  non-inoculated 
soldiers — ^an  attack-rate  of  1.33  and  a  death-rate  of  0.36  per  thou- 
sand ;  but  among  4,883  who  were  inoculated,  there  were  but  32  cases 
with  3  deaths — an  attack-rate  of  0.66  and  a  death-rate  of  0.06  per 
thousand.  In  South  Africa  the  attack-rates  for  the  non-inoculated  and 
inoculated  soldiers  were  respectively  2.3  and  1  per  thousand. 

Crombie,*  in  a  consideration  of  the  effects  of  antityphoid  inoculation 
in  South  Africa,  lays  particular  emphasis  on  the  influence  of  age.  In 
persons  under  30  the  advantage  of  inoculation  is  marked,  the  incidence 
among  the  inoculated  being  about  half  that  among  the  non-inoculato(l ; 
but  beyond  that  age  the  reverse  is  the  fact,  the  incidence  among  the 
non-inocnlattHJ  being  about  half  that  among  those  who  hail  undergone 
one  treatment.  He  suggests  that  as  the  period  of  greatest  susoeptii)ility 
(20  to  25  years)  passes,  inixjulation  tends  rather  to  increase  the  pmi)- 
ability  of  l)eooming  infected.  Wright*  emphasizes  the  fact  that  in 
preventive  inoculation  there  is  danger  if  the  subject's  natural  resistam-e 
is  reduced,  as  is  often  the  case,  by  a  previous  attack,  and  when  an 
excessive  dose  is  given  or  reinoculation  is  performed  after  U>o  short  an 
interval,  and  also  when  a  full  dose  is  given  in  actually  infectinl  snr- 
roundiugs. 

Besredka  *  asserts  that  he  has  succeeded  in  produeinj;  a  means  of 
immunization  which  is  free  from  the  disadvantage  of  local  and  general 
reaction,  and  produces  immunity  which  is  much  more  lasting.  An 
emulsion  of  th(»  living  organisms  is  mixed  with  immune  serum  that 
has  been  heated  so  as  to  destroy  the  complements  but  not  the  amlnv 
ceptors,  and  is  allowed  to  stand  for  a  numl)er  of  hours,  during  which 
time  union  occurs  between  the  latter  and  the  bacteria.      The  mixture  is 

»  l'>ritish  Mediciil  Journal,  January  20,  1900. 

-  Ihidciii,  October  20,  1901. 

^  British  Medical  Jounial,  October  10,  1903. 

*  The  Lancet,  August  16,  1902. 

^  British  Medical  Journal,  Aujfust  16,  1902. 

^  Annales  de  I'liistitut  PaRteur,  XVI.,  No.  12. 
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then  heated  on  a  water-bath  to  60°  C,  and  the  organisms  are  thereby 
killed.  After  thorough  wa^^hing  the  organisms  with  the  antibodies 
which  have  united  with  them  are  used  as  an  injection.  Besredka 
claims  that  immunity  is  produced  within  24  hours ;  that  it  lasts  at 
least  five  and  a  half  mouths ;  and  that  neither  local  nor  general 
symptoms  follow  the  injection. 

Wassermann/  believing  that  immunity  is  dependent  upon  the  use 
of  a  culture  which  will  fit  the  patient's  receptors  rather  than  upon  the 
degree  of  virulence  of  the  culture,  recommends  the  employment  of  a 
number  of  races  of  the  specific  organism  in  the  preparation  of  a  true 
polyvalent  agent.  The  mixed  cultures  are  killed  by  heat  and  allowed 
to  undergo  autolysis,  and  then  the  liquid  is  evaporated  in  vacuo  and 
the  residue  reduced  to  a  powder,  which  may  be  kept  unchanged.  Such 
an  immunizing  agent  may  be  prepared  also  for  Asiatic  cholera. 

ASIATIC   CHOLERA. 

Preventive  inoculation  against  Asiatic  cholera  actually  antedates  the 
antitoxic  treatment  of  diphtheria,  since  it  was  in  1890  that  Haffkine, 
inspii*ed  by  Pasteur's  discovery  in  1880  that  chickens  could  be  ren- 
dered immune  to  chicken  cholera  by  preventive  inoculation,  discovered 
that  the  same  was  true  of  human  beings  in  respect  to  Asiatic  cholera. 
First  he  experimente<l  ujwn  himself,  and  then  made  70,000  injections 
f)f  living  cholera  germs  into  40,000  i)eople  in  India  within  a  period  of 
two  years.  By  inoculating  only  a  ]>art  of  any  given  iK)pulation  where 
<'holera  was  raging,  he  was  sure  of  a  contn)l  by  which  he  could  judge 
of  the  value  of  his  work.  The  rate  of  attack  among  those  inwulated 
fell  to  about  one-twentieth,  and  the  mortality  in  about  the  same  pro- 
portion. 

Experimental  work  by  KoUc  led  t4)  the  conclusion  that  sterilized 
cultures  possess  the  same  immunizing  power,  and  on  his  reconmiendation 
that  such  Ikj  use<l  in  place  of  the  living  organisms,  Murata*  adopted 
this  means  of  conferring  immunity  and  employed  it  most  extensively. 
Of  every  10,000  i>er8ons  so  inoculated,  6  contracted  the  disease*,  against 
HI  of  the  same  numlxjr  not  treated.  This  difference  in  the  number  of 
seizures  is,  however,  hanlly  large  enough  to  be  regarded  as  having 
much  probative  force,  but  it  is  worthy  of  note  that  the  mortality  among 
the  iniKJulated  was  considerably  lower  and  the  severity  of  the  attack 
was  less  marked.  Besrwlka  prepares  an  anticholera  injection  in  the 
same  way  that  the  antityphoid  injection  above  described  is  producxnl, 
and  claims  for  it  the  same  advantiiges. 

BUBONIC   PLAQUE. 

It  is  to  Haffkine  also  that  the  prophyla(»tic  tn^atment  for  bulxmic 
plague  is  due.  He  discovered  that  imiiuinity  could  be  attained  by 
injecting  sterilizinl  cultures  of  the  spwific  bacilli  (treated  at  70°  C. 

*  Fc'stwhrift  ziir  scchzi^sttMi  ( Jclnirtstaj^rt^  voii  K.  Km'li,  1903,  p.  526. 
'  Centralblutt  fiir  litikteriolc^pic,  etc.,  1904,  XXXV.,  No.  5. 


752 


INFECTIOy,  SUSCEPTIBILITY,  IMMUNITY. 


f(>r  an  hour  or  lunger).  The  iiijectifm  causcis  slight  fever,  viA 
<*riliir^renient  of  the  ii^irest  lymphatic  glands,  but  all  evidence  of 
rcwtion  disaj>[>eiir?^  in  fnini  2  to  3  dayf>.  While  the  treatment  cm- 
fern  sunie  degrci*  of  iniinunity,  the  duration  ihereiif  i.^  very  udcpt* 
tain  :  it  may  be  two  days  or  seveml  numths.  Hufl'kine  hhm^ctXj^  that  it 
lasts  from  4  to  6  months  and  sometimes  fur  as  lung  tt.s  2  year*,  Imt  ihr 
weight  i)f  evidence  U^^iid.^i  to  indicate  that  it  is  not  s>ate  to  cotint  nprni  a 
more  lasting  immunity  than  3  months,  and  hem^e  that  reinnenltttiim 
every  3  mnntli>  is  ndvisable,  Culmette  ha.s  adied  attention  to  the  fart 
that  inoculation  of  persons  in  whom  the  hifeetion  is  already  present  i& 
the  incubative  stage  will  hasten  the  appearance  c«f  the  disesi>€  and  cnn- 
dncc  to  a  fatul  n^sult.  Personal  investigation,  it)  India,  of  the  nsitlt? 
obt-iined  led  B.  K.  Slaiight«*f  '  to  conclude  that  the  t refitment  acts  within 
24  hours  and  renders  the  subject  inmiunc  iW  3  niontht^ ;  that  wtia 
applied  during  the  stage  of  ineubatiini,  it  frequently  aborts  the  disea.^'l 
that  it  has  no  cffetrt  on  oth(*r  diseases  excepting  ei^zema,  which  appesr^ 
to  derive  henelit  therefrom  ;  and  tlmt  the  c linnets  of  n^eoverv'  are  greatk 
increased  in  ease  ^»f  attack  in  spite  of  the  intx'ulation. 

According  to  a  report  of  the  Plague  Cnmniissiuners  in  India,  f»f 
4,290  jwrsons  inmiulated  once,  only  45  contracttKl  the  diseajie,  nnd  af 
3,387  inoculated  twice,  2  were  seize<h  Fiftwn  t>f  the  former  antl  1 
of  the  latter  died.  At  the  same  timCj  among  the  ncm-iufXMdate*!  j)er^»n% 
no  h'ss  than  Wu  per  thr>tisand  ditnl  in  a  single  week  (the  third  wwk 
of  Sejitember,  iHtlfl).  At  Kirkee  (India)  tlie  plague  broke  <tut 
in  a  small  camp  ;  671  persons  were  inoculate<l  and  859  were  left 
unprotected.  Thirty-tsvo  casc>  occurr<'<l  among  the  iuoeuhite^I  ami  U*' 
among  tile  uninnrulatcd.  The  mortality  among  thf  iurM-uhite^l  n«* 
2*05,  and  among  the  nninoculatcih  1 1.4l>,  jrt  cent.  In  another  minp, 
324  persons  wen*  inoculati-d  anil  3rH>  Icfl  unpit^t^Ttcd.  Fourteen  nw^ 
iK^cnrrwi  among  the  uuin*»culated  and  none  among  those  prot-et^teil. 

From  tort  her  statisti<'s  wliich  dcmonstmte  the  value  of  tli*»  fnii!- 
mcut,  the  iollow  iiig  may  l>e  qur»te<l  :  In  the  lV*nrbay  Presideuc}%  in  cmr 
community,  among  365  (arsons  who  were  in^ic-nlateil  there  were  1*1 
causes  with  3  deaths,  while  among  413  n<it  inoculated,  there  wen^  4? 
eases  with  3*^  deaths.  In  aimthcr  c+immunity  there  were  7  (leatlh 
an*ong  5,184  inr»eulatcd,  and  177  among  HJ4tinot  inoculatnh  At 
Ijiiuowli,  among  323  who  were  inoculated,  thcR*  were  14  cases  with 
7  deaths,  and  among  377  not  innrulatHh  78  eai^es  with  58  detithiSi, 

ImTuunity  apjKitirs  to  l>e  ju^tilongcd  l>y  a  scvund  ino(*uhit!on  withiu 
ten  days  ol"  the  fii-st^  as  is  sluiwn  by  the  fr>l lowing  tigurei^  :  At  Shawar, 
anumg  5,()14  jjcrsons  not  inoeulattnl,  there  were  i)57  c*ascs  witli  1^^ 
deaths;  umong  5,712  who  were  in*>eulatetl  but  once,  there  were  0 
esisi^is  with  31  deaths;  btit  among  3,34^*  whf>  wei^  inoculate*!  twid*, 
there  wore  only  J)  cases  with  5  dcsiths. 

Prior  to  the  discovery  of  tlie  Ilatfkinc  prophylactic,  Y«.»rsin's  nnti- 
pesteerum,  which  is  the  only  kufnvn  remedy  for  the  cure  of  the discsiaf^ 
Tms  employed  as  an   immunizing  agent,  but  tlie  dunition  of  iinmnnitt 
^  Bulletin  of  the  Jc»knti  llupkitia  iltwpiUil,  Xoveniber,  190H, 
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AH'as  found  rarely  to  exceed  two  weeks,  and  hence  the  treatment  must 
l>e  repeated  every  fourteen  days  in  order  to  insure  protection.  It  is 
<*lainied  by  Calmette  that  the  serum  confers  an  immunity,  certain  and 
4*ffective,  almost  immediately  after  the  injection ;  that  the  injection  is 
not  painful  and  is  never  harmful ;  and  that  the  serum,  properly  pre- 
I)ared,  retains  its  power  almost  indefinitely.  On  the  other  hand,  the 
disadvantages  are  the  short  duration  of  immunity,  the  great  cost  of 
production,  the  diflficulty  of  obtaining  a  supply  sufficient  for  the 
re|)eated  treatment  of  entire  populations,  and  the  difficulty  of  inducing 
the  natives  to  submit  even  once  to  the  operation.  It  takes  from  seven 
months  to  a  year  to  immunize  a  horse  to  the  point  that  his  serum 
acquires  preventive  and  curative  properties,  and  many  of  the  horses 
die  before  the  process  of  immunization  is  completed.  According 
to  Assistant  Surgeon-General  Greenleaf,  protective  inoculation  by 
means  of  the  Yersin  scnim  is  not  practical  for  the  following  reasons  : 
The  enormous  plant  necessary  for  the  production  of  the  material ;  the 
large  working  force  necessary  for  conducting  the  inoculations;  the 
op|)osition  of  the  people  to  the  treatment ;  and  the  short  duration  of 
the  benefit  conferred. 

Cairns,*  who  used  the  serum  with  some  success  in  the  treatment  of 
-cases  at  Glasgow,  concludes  that  it  is  l)oth  antitoxic  and  bactericidal, 
and  that  it  produces  its  best  effiscts  when  the  injection  is  made  early 
and  both  subcutaneously  and  intravenously,  the  total  initial  dose 
ranging  from  150  to  300  cc.,  according  to  the  circumstances  of  the 
case. 

Besredka's  prophylactic  is  prepared  in  the  same  way  and  has  the 
.same  advantages  as  those  which  he  prepares  for  typhoid  fever  and 
•cholera,  but  the  organisms  are  first  killed  by  heating  to  60°  C.  for  an 
hour  on  the  water  bath,  before  being  mixed  with  the  antiserum. 

Both  the  Yersin  serum  and  the  HaiFkine  prophylactic  are  very  un- 
popular with  the  natives  of  India.  The  Hindoos  suspect  that  the 
materials  are  of  animal  origin,  and  the  injection  of  such  matters  into 
the  body  constitutes  an  offence  against  their  religion. 

ANTISTREPTOOOOOUS   SERUMS. 

Antistreptoooccus  serums  of  various  kinds  have  been  employed  in  the 
treatment  of  Erysipelas,  Puerperal  Sepsis,  Malignant  Endocarditis  and 
other  streptococcic  infections  and  Scarlet  Fever,  but  thus  far  they  have 
not  given  results  that  indicate  that  they  are  of  much  value.  They  have 
been  prepared  by  inoculating  with  living  cultures  of  streptococci  and 
with  the  intracellular  substance  of  killed  cultures,  and,  on  account  of 
the  asserted  diffidences  in  the  organisms  acconling  to  the  nature  of  the 
pathologic  processes  in  which  they  are  a  factor,  with  cultures  obtained 
from  a  number  of  subjects  with  diffi»n»nt  diseases,  and  also  with  cul- 
tures taken  directly  from  a  number  of  individuals  with  the  same  disease, 
as  is  the  method  followed  by  Moser  in  the  preparation  of  his  poly- 
*  ThcRipeutiHche  Monut8hefte,  May,  1904. 
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valent  serum  for  scarlet  fever.  They  have  been  prepared  also  by 
inoculating  with  organisms  rendered  uuu^jually  virulent  by  being  pa&*d 
through  a  series  of  animals. 

How  these  various  serums  produce  such  results  as  have  been  obsenal 
is  a  matter  of  some  disagreement.  It  is  believed  by  some  that  they 
are  bactericidal,  but  this  is  denied  by  others,  who  believe  that  they  act 
as  stimuli  to  the  phagocytic  cells.  However  they  may  act,  the  hojKHi- 
for  results  have  not  been  attained,  and  immunity  to  streptococcic 
invasion  is  evidently  a  very  complex  problem. 

TXTBEROITLOSIS. 

In  the  treatment  of  tuberculosis,  Maragliano's  serum,  for  which  are 
claimed  both  antitoxic  and  bactericidal  properties,  and  Marmorek's, 
which  is  antitoxic  only,  have  failed  thus  far  to  yield  other  than  disap- 
pointing results,  although  the  principal  advocates  of  each  have  asserted 
otherwise.  No  progress  worthy  of  note  has  been  made  in  the  senim 
treatment  of  Pneumonia ;  indeed,  it  has  scarcely  entered  the  laboratory 
stage  of  experimentation. 


CHAPTER    XVII. 

VACCINATION  AND  SMALLPOX. 

Prior  to  the  dipcovery  of  vaccination  by  Jenner,  toward  the  close 
of  the  eighteenth  century,  smallpox  was  one  of  the  principal  Kcourges 
of  the  world.  It  killed,  on  an  average,  nearly  half  a  million  i)eople 
in  Europe  alone,  and  about  once  in  three  years  was  more  than  ordi- 
narily severe.  In  England,  Germany,  Francie,  Sweden,  and  other 
countries  of  Euroj)e,  the  yearly  mortality  from  smallpox  was  about 
two  thousand  per  million  inhabitants.  More  than  half  the  cases  of 
blindness  throughout  Europe  were  attributed  to  the  disease,  and  about 
u  third  of  the  population  showed  in  their  faces  evidences  of  having 
had  it. 

It  was  well  known  that  those  who  recovered  enjoyed  protection  from 
recurrence  of  the  disease,  and  conscKiuently  it  had  long  been  the  prac- 
tice to  pnxluce  immunity  by  causing  the  disease  intentionally  by  inocu- 
lation when  it  prevailed  in  a  mcKlified  form,  favorable  to  recovery. 
For  more  than  a  thousand  years,  the  Chinese  and  other  Eastern  peoples 
had  produced  the  disease  by  blowing  dried  smalljwx  matter  in  pow- 
ilertxl  form  into  the  nostrils.  The  discovery  that  the  inoculation  of 
material  fn)m  a  smallpox  pustule  was  more  certain  and  quick  in  its 
results  led  to  the  widespread  practice  of  inoculation.  This  was  begun 
in  England  in  1721,  and  towanl  the  end  of  the  century  was  em- 
ployeil  very  extensively  ;  and  even  afttT  the  discovery  of  the  beneficent 
n^sults  of  vaccination,  was  practised  to  a  ccTtain  extent,  until,  in  1840, 
it  was  prohibitetl  by  law. 

The  first  successful  vaccination  was  perf()rme<l  by  Benjamin  Jesty,  a 
Dorsetshire  farmer,  who  inoculatinl  his  wife  and  two  sons  from  the 
teats  of  cows  afflicted  with  eowj)ox.  The  inoculation  was  successiiil 
in  all  thrve  cases,  although  the  wife  had  a  badly  inflanuKl  arm.  Fif- 
teen yejirs  later,  the  two  sons  were  inoculatwl  with  smallpox,  but  noth- 
ing n»sulte<l.  It  is  said  that  Heim*  had  noted  as  early  as  1 763  that 
the  accidental  incwulation  of  cowik)X  was  followwl  by  smallpox 
immunity.  The  practice  of  vaccination  is,  however,  due  to  the  work 
of  Jenner,  who,  on  May  14,  179(),  iK»rforme<l  his  first  successful 
o{>eration.  After  some  very  strong  opposition,  intelligent  |KK)ple  began 
to  adopt  the  practice,  and  the  uiKnUicated  classes  began  to  fall  gradually 
into  line.  The  practice  was  adopttnl  in  America,  France,  Germany, 
and,  in  fact,  the  entire  civilized  world,  and  everywhere  proved  to  be  of 
the  greatest  benefit.  In  1802,  the  English  Parliament  awarded  Jenner 
*  Nothnagers  SjKJcielle  Patholoj^ie  und  Thera|)ie,  IV.,  U.  2. 
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4,000  pounds  sterling,  and  later,  a  still  larger  grant  was  made.  But 
the  pioneor,  Jesty,  was  not  lost  sight  of,  and  in  1805  he  was  the 
honored  guest  of  the  Jennerian  Society. 

The  practice  was  introduced  into  this  country  by  Dr.   Benjamin 
Waterhouse,  Professor  of  Physick  in  Harvard  University-,  who,  on 
July  8,  1800,  vaccinated  his  seven  children,  with  six  positive  results. 
About  the  same  time  it  was  introduced    into  Philadelphia  by  John 
Kedtnan  Coxe,  who  vaccinated  his  eldest  child  and  then  exposed  him 
to  smallpox  without  result.     In    Boston,  in  August,   1802,   19  boys 
were  vaccinated  successfully  at  a  temporary  hospital  on  Xoddle  Island 
(now  East  Boston),  and  in  November,  these  and  one  other,  who  had 
been  vaccinated  two  years  previously,  were  inoculated  with  smallpox, 
but  in  no  case  was  the  disease  pn>duced.    Two  unvaccinated  boys  were 
inoculated  at  the  same  time,  and  both  developed  the  disease.     In  18()t)» 
Thomas  Jefferson,  who  was  the  first  to  introduce  the  practice  in  tk 
South,  wrote  to  Jenner :  "  You  have  erased  from  the  calendar  of  human 
afflictions  one  of  its  greatest.     Yours  is  the  comfortable  reflection  that 
mankind  can  never  forget  that  you  have  lived.     Future  nations  will 
know  by  history  alone  that  the  loathsome  smallpox  has  existed,  and  by 
you  has  been  extirpated." 

The  beneficent  results  of  the  introduction  of  vaccination  into  this 
country  are  well  shown  by  a  comjxirison  of  the  conditions  obtaining  in 
the  early  part  of  the  eighteenth  century  and  in  the  corresponding  period 
of  the  nineteenth  in  Boston.  In  1721,  Boston,  with  a  population  of 
about  1 1,000,  had  5,989  cases  of  smallpox  with  850  deaths.  In  1730, 
in  a  population  of  about  15,000,  there  were  about  4,000  cases  with 
509  deaths  ;  but  between  1811  and  1830,  in  a  verj''  much  larger  popu- 
lation, there  were  but  14  cases  of  the  disease. 

In  London,  during  the  third  quarter  of  the  seventeenth  centun',  the 
average  annual  mortality  from  smallpox  ])er  million  was  4,00<X  A 
hundred  yeai^  later,  between  1770  and  1780,  it  was  more  than  5,0iX»; 
in  the  first  years  of  vaccination,  it  was  more  than  2,000  ;  by  the  mid- 
dle of  the  nineteenth  century  it  fell  to  about  500,  and  in  the  last  decade 
of  the  century,  to  less  than  75.  In  the  whole  of  England,  during  the 
peroid  of  (>[)ti()nal  vaccination,  the  mortality-rate  fell  from  about  2,O()0 
to  417,  and  after  the  practice  was  made  compulsory  in  1850,  it  fell  to 
53.  In  Au*i:ust,  1898,  the  **  conscientiously  believes"  clause  was  en- 
actinl  in  clcference  to  the  anti-vaccinationists,  and  by  D<*cember  31, 
230,147  iKTsons  were  exem]>ted.  The  result  of  this  modifiaition  of 
the  hiw  has  recently  Ikhui  shown  in  extensive  epidemics  in  London 
and  elsewhere. 

In  Sweden,  where  very  accumte  records  have  bc»en  kept  since  1774, 
the  averajLjc  mortality  ]>er  million  of  population,  between  1774  and  1801, 
was  2,045.  Huring  the  years  of  optional  vaccination,  1802-1 81 G, 
it  fell  to  48().  In  1817,  when  vaccination  was  made  oblig-ator^,  the 
rate  began  to  fall  still  lower,  and  up  to  1893  the  average  mortality  wa.^ 
155.  During  the  last  nine  years  of  this  |x»riod,  under  moi*e  stringent 
reiirulation>,  it  was  ncv-  *       ^  '       '  and  in  one  vear  it  was  as  low  as  0.2. 
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In  PmsNia,  dtiriug  the  ix^riiMl  of  optioiiiil  vaccination^  the  mortality 
nitC'  toll  from  rntire  than  2,(MK>  to  aiiout  *i(Hl  During  the  Franco- 
PruHtiian  War,  them  were  amoii^  the  million  well-viiccinatetl  German 
trf)ops  hut  4*YJ  deaths,  wiiile  in  the  fcirnaller,  inipTfertly  vueeinatetl 
Freneh  army  t!iere  were  no  less  tliarj  2-1,400,  IMween  }  S74,  when  vac- 
cination was  made  oliligatory,  and  IHJM7,  there  wsis  lint  iine  death  from 
6mall[»ox  in  the  whole  (ierniaii  army.  In  IHflU,  tfie  tot;i]  deaths  in 
285  German  cities  and  towns,  with  a  po|>nlation  of  nearly  lti,000,00n, 
amonnteil  to  only  4,  In  the  .'^ime  yetir,  in  Frani-e^  where  vaccination 
is  not  nniversid,  there  were  UtN)  deaths  in  1  H>  cimimnnitit\s  witli  a 
lM>pidatii»n   of  H^oOO^OOO. 

Ill  Austria,  Hungary,  and  ftelgiuni,  wher**  the  practi(*e  is  not  re- 
quire(K  the  dtttth-nites  wcre^  in  18H(>,  resi>ectively  81,  6H7,  and  48  times 
that  whir*h  ohtaintnf  in  Germany,  In  S|);nn,  where,  also,  the  jmictic^ 
is  o])tic»nal,  the  deixth-ratc  in  six  [iroviiices,  in  IKHJI,  was  12^050  per 
null  ion  against  one  of  4  per  miliion  in  Germany. 

In  Denmark,  where  vaccination  was  made  ohlipitory  in  1816,  not  a 
siingle  ease  was  known  up  to  1826. 

In  Porto  Kico,  liefore  the  Spanish  \Vai\  the  annual  m<»rtality  from 
simall|MJx  was  alMiut  ti(H> ;  hut  since  the  wliolesale  vaccination  hy  the 
l/nited  States  authorities,  the  diseaise  has  virtnally  disap|x*Jired. 

lu  all  countries  wh(Te  vaceiuation  han,  at  diif'erent  ]M'riods,  heen 
uptitujal  and  then  nHjuired^  a  reuutrkahle  drop  has  oeeiuTe^l  both  in 
nuirhidity-  and  mortality-rates,  aiul  those  etjuntries  in  wliieli,  t(>H.lay, 
vaccination  is  not  c<unpuI>^ory,  sutfer  jK'ritxIicxd  visitations  of  the  dis- 
ease and  lose  thouf«ands  of  livc^.  In  1889,  for  instance,  the  death- 
rate  fr^un  smalliMiK  in  Sjwiiu  was  nrarly  as  ^reat  as  ohtainefl  a  eeutnr}^ 
iM'fore  in  the  priuci[Kd  coinitrics  of  KurojK\  whiU'  hi  the  smie  year,  in 
Germany,  the  ilisea.He  was  }mu'tic*ally  non-i"xistent.  In  P^mnce,  in  the 
twenty-five  Vi'ars  from  1H7(*  to  18^*0,  niore  than  20,000  peo|)le  died 
from  suudlpox  iti  Paris  alone,  the  epidemics  of  1H71  and  1872  l>eing 
excvjitionally  sev(Tc*  and  fatal.  No  rpideudf*  has  oecurriHl  in  (Jermiiny 
since  1871,  when  the  flisease  was  linMight  in  \iy  Freuoh  ])ris<uiers, 
alfhiai^h  a  few  scat  tercel  cases  hav^e  ap|H'arod   iwcjisionally. 

In  spite  of  the  renun^kablc  t^v^tinuuiy  cnucerning  tlie  value  of  vac- 
cination in  makiug  a  nirity  of  what  was  outx^  one  of  the  priucijwil 
»'our|;es,  there  are  in  this  country  and  in  others  wIktc  laws  conrpelliu^ 
vac'cinatinu  ijave  Ih-cm  euacti'*!,  nnmemns  misgnid*'*!  imlivithials  who 
b«uid  thenij^elves  together  into  anti*vaccination  leajtrnes  and  attempt  to 
cn*ate  a  |>jjiular  antagonism  to  the  pnu*tice  arul  to  eWtvt  repeal  of 
existing  laws.  In  En^dand,  as  has  Ihh'U  Ui*ted,  they  have  heen 
jwirtialiy  snee<^ssfnl  iu  f^inijK'lliu^  the  juissa^e  of  a  law  which  exempts 
jiarents  whu  have  **  conseientious  .scruples  ^*  agsiiust  having  their  chil- 
dren vacinnnted.  In  progrensive  Japan,  when*  the  government  ha8 
derided  Ui  couhk'1  vaceiuation  before  the  age  of  ten  months,  and  revac- 
cijtatiotj  at  ihc  age  of  six  and  again  at  twelve,  tlu-  anti-vaecinatioiiipt 
Is   uukruiwn. 

The  ioUowiug  table   shiws   the   smaHiJox   nu^rtality  of  the   several 
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countries  named,  in  which  vaccination  is  either  not  compulson-  or  im- 
I)erfectly  performed,  as  compared  with  that  of  Germany,  which  in  each 
year  is  represented  by  1  : 


Switzerland 
England 

France    .  . 

Austria  .  . 
Belgium 

Holland.  . 

Germany  . 


189S. 

1894. 

1895. 

1896. 

8 

96 

3 

17 

24 

108 

19 

23 

34 

261 

201 

1,176 

67 

132 

28 

177 

158 

145 

25 

57 

•  •  • 

640 

81 

147     . 

1 

1 

1 

1 

1897. 

1898. 

im. 

25 

16 

4 

42 

123 

22 

231 

247 

121 

67 

21 

86 

174 

7 

5 

1 

1 

i 

It  cannot  be  claimed  that  vaccination  confers  absolute  immunity 
against  smallpox,  but  it  is  true  that  those  who  have  been  vaccinated 
and  then  acquire  the  disease  have  it  in  a  much  milder  form  and  are 
more  likely  to  recover  than  those  who  have  not  been  vaccinated.  In- 
vestigation of  11,036  cases  of  smallpox  in  England  showed  that,  for 
un vaccinated  and  vaccinated  cases,  the  rates  of  mortality  were  respec- 
tively 36.6  and  5.2  per  cent.,  and  that  for  all  cases  in  children  under 
ten,  the  rates  were  respectively  36.2  and  2.7  per  cent.  Among  thot* 
stricken  during  the  epidemic  at  Warrington,  England,  in  1891-92, 
21.8  per  cent,  of  the  cases  in  vaccinated  persons  were  confluent,  while 
among  the  unvaccinated  cases,  the  percentage  was  70.6.  In  the  Shef- 
field epidemic  of  1887-88,  1.55  per  cent,  of  vaccinated  and  9.7  of 
unvaccinated  persons  were  attacked.  Among  the  former,  the  death-rate 
was  0.7,  and  among  the  latter,  48  per  thousand.  Among  ehildn^n 
under  ten,  the  rate  of  attack  was  5  and  101  j>er  thou.sand,  res|xx»tively, 
for  vaccinated  and  unvaccinated,  and  the  death-rate  was  0.09  and  44. 

The  protection  conferred  by  vaccination  is  greatest  during  the  year 
succeeding  the  o{)eration,  and  appears  to  diminLsh  gnidually  during  the 
succeeding  five  or  six  years ;  but  the  mo<lifying  power  does  not  di- 
minish e<{ually  fast.  The  protective  influence  can  be  reestablished  by 
a  repetition  of  the  oj^eration,  and  during  epidemics,  or  when  about  to 
visit  countries  where  vaccination  is  not  pmctised  and  smallpox  is 
endemic,  rovaccination  is  always  advisable.  If  the  operation  is  negative 
in  its  results,  the  individual  is  regarded  as  inmuuie  or  partially  pn»- 
tected;  but  in  the  ease  of  a  first  vaccination,  it  is  custoniar>'  to  rejxsit 
the  operation  until  success  is  attained.  In  most  civilized  countrio?*, 
vaccination  is  not  post{)oned  until  an  outbreak  of  smallpox  occurs, 
but    is  attended  to  in  the  first  few  months  of  life. 

Successful  primary  vaccination  within  jthreejdays  after  ex})osnre  t^ 
existing  cases  of  smallpox  will  preyent^ie  development  of  the  disease, 
and  as  late  as  the  fifth  or  sixth  day  will  either  prevent  or  nuxlity  an 
attack.  This  fact  has  Ixvn  utilized  In  many  cases  where  smalliMix  has 
broken  out  anioufr  unprotectcnl  [K?f)ple  with  a  pros{)ect  of  unlimiteil 
spread,  and  has  l)oon  the  means  of  ending  epidemics  with  .some  su<l- 
denness.  Thus,  for  oxamjde,  at  Gloucester,  England,  in  1895,  after 
eight  years  of  pracliail  al)andoninent  of  compulsory  vaccination,  tlmt 
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Is  to  say,  of  n^lect  on  the  part  of  the  authorities  to  enforce  the  law, 
an  epidemic  of  smallpox  occurred  in  what  was  practically  an  unvac- 
<*inated  communitj'.  The  cases  increased  at  such  a  rate  that  great 
alarm  was  felt  and  extensive  measures  were  taken  for  general  vaccina- 
tion. In  the  closing  weeks  of  1895,  31  cases  occurred.  In  January', 
2S  more  were  reported.  In  Februarj',  the  number  increased  suddenly 
to  146,  and  during  March,  to  644.  Toward  the  last  of  that  month, 
the  authorities  gave  directions  for  enforcement  of  the  law,  and  work 
was  begun;  but  during  the  following  month,  no  less  than  744  cases 
owurretl.  During  the  last  days  of  April,  a  committee  undertook  general 
vaccination  of  the  city,  and  within  a  very  few  days,  every  house  had 
l)een  visited ;  by  the  end  of  June,  the  city  had  been  converted  from  a 
practically  un  vaccina  ted  city  to  the  best  vaccinated  in  the  country. 
Nearly  36,000  persons  were  operated  upon ;  the  epidemic  began  at 
once  to  decline,  and  before  August  had  disappeared.  Nearly  450  per- 
sons, however,  had  died,  and  1,600  others  who  sur\'ived,  bore  the 
usual  lasting  evidence  of  the  disease  in  their  faces. 

As  showing  the  influence  of  revaccination,  the  following  figures 
from  a  study  of  the  statistics  of  the  Sheffield  epidemic  are  presented : 

Rates  of  attack  per  1,000  persons. 

Penons  not  vaccinated      94 

Persons  once  vaccinated 19 

Persons  twice  vaccinated 3 

Death-rates  per  1,000  persons. 

Persons  not  vaccinated       51 

Persons  once  vaccinated 1 

Persons  twice  vaccinated 0.08 

Similar  facts  are  yielded  by  investigation  of  all  epidemics  where 
there  is  a  large  class  of  vaccinated  and  another  of  unvaccinated 
persons,  and  yet  anti-vaccinationists  still  agitate  and  find  sympathetic 
listeners  to  their  arguments.  One  of  their  favorite  charges  is  that 
vaccination  not  only  has  had  nothing  to  do  with  the  decline  in  the 
amount  of  smallpox,  but,  on  the  contrary,  gives  rise  to  other  diseases. 
It  is,  indeed,  true  that  syphilis  has  been  conveyed  from  one  to  another 
through  the  practice  of  vaccination,  but  at  the  ])rc»sent  time  the  danger 
is  {>raetioally^r»7,  since  arm-to-arm  vaccination  has  fallen  into  disuse; 
but  while  the  arm-to-arm  practice  was  continued,  there  were  occasional 
instances  of  grave  injury.  Thus,  some  years  since,  it  happened  that  a 
company  of  French  infantry,  prior  to  being  sent  to  Algiers,  was 
vaccinated  by  the  arin-to-arm  method,  and  ver>'  many  of  the  men 
were  tj^ereby  inoculated  with  syphilis. 

Parents  are  prone  to  ascril)e  to  vaccination  every  disturbance  which 
a  child  may  suffer,  particularly  if  there  be  any  cutaneous  eruption. 
Sometimes  a  vesicular  or  pustular  rash  may  occur  and  sprc^ad  from  the 
vaccinated  arm  to  other  parts  of  the  body  ;  sometimes,  erysipelas  and 
other  infections  occur  at  the  point  of  vaccination  ;  but  these  are  no 
more  likely  to  occMir  as  a  result  (»f  vaccination  than  of  any  other  inter- 
ference with  the  integrity  of  the  skin.     Persons  of  dirty  habits,  living 
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in  unclean  surroundings,  are  more  likely  than  others  to  suffer  from 
ulceration  of  the  vesicle  and  from  other  local  distariumoes  not  doe  to 
the  influence  of  the  virus  itself. 

With  r^ard  to  the  assertion  that  the  three  weeks  following  vaccina- 
tion are  a  period  of  unusual  danger  from  the  various  zymotic  dises^^^ 
the  results  of  extensive  study  by  Dr.  Voight,  Director  of  Vaccination 
at  Hamburg,  are  of  interest.  According  to  his  records,  the  reverse  of 
this  assertion  is  true,  for  the  process  appears  to  exert  a  restraining 
influence  upon  the  development  of  practically  all  of  the  infectious  dis- 
eases. According  to  Dr.  J.  M.  Mackenzie,^  scarlet  fever,  whooping 
cough,  influenza,  and  syphilis  are  favorably  influenced,  tuberculosis 
and  enteritis  may  be  unfavorably  influenced,  and  latent  eczema  and 
impetigo  may  be  excited. 

In  re  vaccination,  if  the  individual  has  become  again  wholly  sus- 
ceptible, the  local  manifestations  occur  earlier  than  in  the  primary  vao- 
cination,  and  the  general  symptoms  are  usually  much  more  mari^ed. 

>  British  Medical  Journal,  August  15, 1903. 


CHAPTER   XVIII. 
QUARANTINE. 

Quarantine  is  a  term  of  wide  signification.  Derived  from  the 
French  quarante,  forty,  its  original  meaning  had  reference  to  the  num- 
ber of  days'  detention  to  which  vessels  and  their  personnel,  arriving 
from  places  infected  or  suspected  of  being  infected  with  the  plague, 
were  subjected  in  places  set  apart  for  the  purpose,  to  insure  against  the 
introduction  of  the  disease  into  the  country  or  port  of  arrival. 

The  usual  definitions  of  the  term  which,  in  a  composite  form,  may 
be  given  as,  "  The  enforced  detention  of  vessels,  their  personnel,  and 
cargoes,  arriving  from  infected  ports,  or  having,  or  being  supposed  to 
have,  cases  of  certain  infectious  diseases  on  board,  and  interdiction  for 
a  fixed  period  of  time  of  all  communication  therewith,"  are  wholly  in- 
adequate under  present  conditions.  Far  more  accurate  and  compre- 
hensive is  that  given  by  Dr.  Walter  Wyman,  U.  S.  P.  H.  and 
M.-H.  S.  :  "  The  adoption  of  restrictive  measures  to  prevent  the  intro- 
duction of  diseases  from  one  country  or  locality  into  another,"  for  the 
original  meaning  is  now  quite  lost.  To-day,  we  speak  of  port  quaran- 
tine, land,  interstate,  railroad,  municipal,  house,  and  room  quarantine. 
Restrictive  measures  are  not  adopted  solely  against  human  diseases, 
but  also  against  those  of  the  lower  animals  (cattle  quarantine),  and 
even  of  certain  fruits  and  other  important  crops. 

The  necessity  of  restrictive  measures  in  certain  cases  has  long  been 
recognized ;  in  fact,  in  the  case  of  leprosy,  from  earliest  times.  The 
first  enactment  providing  for  the  detention  and  isolation  of  travellers 
from  infected  places  dates  back  to  the  fifteenth  year  of  the  Emperor 
Justinian  (a.  d.  542),  but  quarantine  in  the  modern  sense  had  its 
origin  in  the  fourteenth  centurj*^  in  Italy,  where,  on  account  of  the 
ravages  of  the  plague,  local  authorities  at  different  times  adopted  pre- 
ventive measures.  Thus,  Florence  and  Venice,  in  1348;  Lombardy, 
1374;  Milan,  1399. 

The  first  maritime  quarantine  was  instituted,  in  1403,  at  Venice. 
A  lazjiret,  the  house  of  St.  Lazarus,  was  founded  on  a  small  island, 
and  all  persons  from  the  I^»vant  were  there  detained  for  forty  days 
before  admission  to  ^he  city.  The  restrictive  meiisures  enforced  at 
Mediterranean  ports  and  elsewhere,  were  for  many  years,  and  at  some 
places  now  are,  unreasonable,  harsh,  useU^ss,  and  a  great  injury  to 
trade.  Most  of  the  leading  countries  have,  for  a  long  time,  been 
strongly  opppse<l  to  the  oppressive,  arbitrarj',  and  irrational  quaran- 
tine measures,  and  have  now  adopt<»d  rules  and  regulations,  which, 
while  effective  as  far  as  can  be  hoi>ed  for  or  expected,  impose  the  least 
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jK)ssibIe  restrictions  upon  personal  liberty  and  trade.  The  danger  is 
estimated  according  to  the  condition  of  health  of  the  port  of  depar- 
ture, and  this,  with  the  sanitary  history  of  the  vessel,  up  to  the  time 
of  arrival,  determines  what  measures,  if  any,  are  to  be  taken. 

The  periods  of  detention  are  fixed  with  reference  to  the  pn>hable  in- 
cubative period  of  the  disease  in  question,  and  questions  of  necessity 
of  disinfection,  and  of  methods  to  be  followed  in  carrying  out  the  same, 
are  determined  by  the  circumstances  of  each  individual  case.  Quar- 
antines administered  with  reason  do  invaluable  work  in  sifting  out 
infection  and  protecting  the  public  health  from  exotic  diseases,  which, 
in  the  absence  of  precautionary  measures,  might  easily  gain  aciiss. 
At  the  same  time,  they  act  in  restraint  of  trade  to  the  slightest  |)osjiible 
extent,  since  miinfected  vessels  are  not  unnecessarily  detained. 

Unfortunately,  not  all  quarantines  are  administered  with  rea^joQ, 
and  it  oft«n  happens  that  great  injustice  and  unnecessary  expense  are 
caused  by  absurdly  tenacious  adherence  to  exploded  theories  and  routine 
practice.  As  an  example,  may  be  cited  the  case  of  the  Hdenej  a  Ger- 
man vessel,  which,  arriving  in  an  English  port  in  August,  1893,  with 
two  cases  of  cholera,  was  disinfected  and  given  free  pratique;  nine 
months  later,  she  was  refused  pratique  at  a  South  American  port, 
because  in  England  she  had  not  been  held  for  a  definite  period  at  quar- 
antine. As  an  example  of  quarantine  absurdity  of  a  minor  character, 
but  indicative  of  what  might  be  imposed  in  case  opportunity  presented 
Itself,  may  be  cited  an  experience  with  the  municipal  authorities  at  a 
Southern  port,  who  required  thorough  disinfection  of  a  barrel  of  car- 
bolic acid  before  it  was  allowed  to  be  landed. 

Far  more  and  almost  incredibly  absurtl  is  the  following  instance :  On 
November  8,  1893,  the  steamship  Cobo  Mai*Mehaco,  laden  in  part  with 
dynamite,  blew  up  at  her  dock  at  Santander,  Spain,  after  having  l)een 
on  fire  for  some  hcmrs.  The  burning  cargo  was  thrown  about  in  all 
directions  and  started  a  general  conflagration.  It  happened  that  the 
entire  fire  department  was,  at  the  time  of  the  explosion,  engaged  in 
attempting  to  overcome  the  fire  raging  in  the  ship's  hold,  and  in  the 
explosion  was  eomj>letely  wreckinl.  Word  was  sent  to  Bilbao,  and  aid 
was  urgently  nH|uesteil.  Two  steamships  were  sent  with  fire  engines, 
firemen,  surgeons,  nurses,  laborers,  and  others,  and  arrived  in  six 
luKirs.  The  provisional  governor  refuseil  to  permit  the  vessels  to  Ao(k 
and  discharge  the  nuich-needed  apparatus  and  other  aid,  because  quar- 
antine Iiad  not  been  ohservcHi,  and  he  insisted  that  they  should  comply 
with  tlie  regulations,  which  would  involve  several  days'  detention  out- 
side the  harbor.  It  was  several  hours  before  a  way  was  found  to 
overeonio  the  strict  interpretation  of  the  rules. 

Tlie  first  action  taken  by  any  official  (organization  in  this  countn' 
looking  to  the  ostaMishuient  of  a  uniform  system  of  quarantine  i*egu- 
lations  was  at  a  conference  of  boards  of  health  at  Philadelphia  in  18')7, 
called  on  account  of  the  excitement  caused  by  the  brcjiking  out  of  yelh)W 
fever  at  Bay  Ridge  in  the  ]>revious  year;  but  in  spite  of  this  and  other 
attempts,   the   various  ijuarantines  of  the  country   were  adminL^tere*! 
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with  no  uniformity  until  after  the  passage  of  the  Act  of  February  15, 
1 893,  entitled  "  An  Act  granting  additional  quarantine  powers  and 
imposing  additional  duties  upon  the  Marine  Hospital  Service*"  This 
act  established  a  national  system  of  quarantine,  but  in  no  way  limited 
State  and  municipal  authorities  in  their  right  to  prescribe  and  enforce 
additional  measures ;  and,  indeed,  it  is  beyond  the  power  of  Congress 
to  interfere  with  local  authorities  so  long  as  the  minimum  requirements 
of  the  national  law  are  complied  with. 

Quarantine  Law  of  1893. 

Section  1  makes  it  unlawful  for  a  vessel  from  a  foreign  port  to  enter 
any  port  of  the  United  States,  except  in  accordance  with  the  provisions 
of  the  act  and  with  such  rules  and  regulations  of  State  or  municijial 
health  authorities  made  in  pursuance  of  or  consistent  therewith,  under 
penalty  of  not  exceeding  $5,000. 

Section  2  provides  that  a  vessel  at  a  foreign  port,  clearing  for  any 
port  in  the  United  States,  shall  obtain  from  the  consular  or  medical 
oflBoer  of  the  United  States  at  that  place  a  bill  of  health  in  duplicate, 
in  the  form  prescribed  by  the  Secretary  of  the  Treasury,  setting  forth 
its  sanitary  history'  and  condition,  and  that  it  has  complied  with  the 
rules  and  r^ulations  prescribed  for  securing  the  best  sanitarj'  condi- 
tion of  the  vessel  and  its  cargo,  passengers,  and  crew.  Penalty  for 
clearing  and  sailing  without  such  bill  of  health  and  entering  any  port 
of  the  United  States,  not  exceeding  $5,000.  By  an  amendment 
approved  August  18,  1894,  it  is  provided  that  the  pro\nsions  of  this 
section  shall  not  apply  to  vessels  plying  between  foreign  ports  on  or 
near  the  frontiers  of  the  United  States  and  i)orts  of  the  United  States 
adjacent  thereto.  But  the  Secretary  of  the  Treasury-  is  authorized, 
when,  in  his  discretion,  it  is  expedient  for  the  preser\'ation  of  the 
public  health,  to  establish  r^ulations  governing  such  vessels. 

Section  3  directs  the  Supervising  Surgeon-General  of  the  U.  S. 
Public  Health  and  Marine-Hospital  Service  to  cooperate  with  and  aid 
State  and  municipal  boards  of  health  in  the  execution  and  enforcement 
of  the  rules  and  regulations  of  such  boards  and  of  thf»se  made  by  the 
Secretarj'  of  the  Treasury  to  prevent  the  intrcKluction  of  contagious  or 
infectious  diseases  into  the  United  States  and  into  one  State,  Territory, 
or  the  District  of  Columbia  from  another. 

It  provides  that  all  niles  and  regulations  made  by  the  Secretar}*^  of 
the  Treasury  shall  o{>enite  uniformly  and  in  no  manner  discriminate 
against  port  or  place.  Where  no  State  or  niunici{>al  quannitine  regu- 
lations exist,  and  in  the  o])inion  of  the  Secretan'  of  the  Treasur\'  are 
necessary  to  prevent  the  introduction  of  such  diseasi»s,  and  where 
existing  regulations  arc*  in  his  opinion  insuflieient,  he  shall  make  such 
additional  rules  and  regulations  as  he  may  deem  necessar}%  and  they 
shall  be  enforccnl  by  the  resjK'ctive  sxinitarv  authorities ;  failing  which, 
the  President  shall  execute  and  enforce  the  same  and  ado|)t  such  meas- 
ures as   in   his  judgment  are  n(»cessury,  and    may  detail  or  appoint 
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officers  for  tliat  purpose.     Tbe  Secretiiry  of  the  Treasury  J^haH 
f^uefi  nile^  ami   regylatioris  as  an-  iiwt\s»ary  to  he  obsi.*rved  liy  ve 
Jit 'the  |M>rt.  of  (le|*artiire  ami  on  tlie  voyage,  to  j^'ciirt^  the  bes^t  saoitinr 
ci>mliti(in  of  themselves,  their  eargoes,  piitsengerji,  and  rrew«- 

Seetiou  4  makes  it  iiieunil)eiit  cm  the  Sujiervisiiig  8urgeon-4Teti 
to  perforni  all  the  ihities  iii  respect  to  (piamiitiiie  aiul  quarantine  fti 
latinns,  and  to  obtaio  iuformation  thmug;h  c<»nsulur  olfioer^  of  thr  sm 
tary  condition  of  tbreiga  ports  and  pkees  fnjm  which  eontagiouj^  ad 
infeetious  diseases  are  or  inuy  bt^  impurtetl  hito  the  Ignited  8tale:<, 
Secretary  of  the  Tiva-^iiry  is  retjiiired  to  ol^tstin  thri»Uji;h  all  availatl 
smirees,  including  State  and  muideipid  siioitary  authorities  througho 
the  United  States,  we(*kly  reimrts  of  the  sanitary  cnjudition  of  \m 
and  placets  within  the  United  States,  to  tmusnjit  to  oollectois  of  cms- 
tonis  and  to  State  and  mnuieijwil  health  t»fficers  and  other  simitiirian* 
weekly  al>stntets  of  the  eoiisuhir  sanitary  rejMirt^  and  other  [)ertitient 
infonnutinn  received  by  him,  to  pnx^ure,  thrtnigh  all  available  soums*, 
pnl>lir  or  [jrivate,  information  relating  to  elimutic  and  other  conditidin 
ailectinij:  the  pnl>lie  heidth,  and  to  make  an  annual  rejmrt  ti>  Coiigiws 
with  such  recommendations  as  he  may  deem  important  to  tlie  public 
intert^sts. 

ScK^tion  r>  provides  for  the  is-simnc*?  fmm  time  to  time  tn  tbv  Unitetl 
States  consular  ami  medit-al  otlieers  at  the  various  foreign  port*?,  of  the 
rules  and  re^^ldations  made  by  the  Sef?n4nry  of  the  Treasury  to  Iw 
use<l  and  rom|ilieHl  with  by  vessels  in  fort^i^n  |x>its  for  seen  Hug  the 
lx\'^t  sanitary  comlitions  before  dejuirture  for  the  Unite*!  Stsitjes^  and  in 
cimrse  of  the  voyage,  and  of  all  other  rule^  and  ix^gidations  as  shall  l»e 
observed  in  inspection  on  arrival  at  any  quarantine  station  ancl  for  *H^ 
infection  and  isolation,  and  treatment  of  cargo  arid  j>crsons  on  Ixntni.  «o 
v\B  to  prevent  the  intr<Klnction  of  cholera,  yellow  fever,  and  other  e<m- 
tagi^ius  or  infections  diseases.  No  vessel  shall  enter  a  port  or  di*- 
<harg<'  its  mr^  i>r  land  its  pagsengers  exct*pt  upon  a  ci*rtificat^  f»f  tiie 
healtfi  officer  at  such  *|U!jrantinf  station  thnt  the  rules  and  regulatirms 
havt^  in  all  resp^^ts  l>ccu  obscrvtHi  and  n^m|ilie<l  with  bc»tb  l)v  him  nwA 
by  the  master  in  resf>t*et  to  tlie  vessel  and  its  cargo,  passengers,  ami 
crew.  The  master  is  rerjuired  to  deliver  to  the  oil  lector  with  the 
other  pa}x*r8  of  ttie  v^essel,  the  bill:^  of  hetdth  obtaint^  at  the  port  of 
dcjnirture  and  th*^  eertificate  alwve  mcntirnuHb 

S4'(*tiou  (i  j)rovi*lcs  that  on  the  arrival  c»f  an  infecte*!  vess€»l  at 
port  not  providcnl  with  pro|>er  facilities  for  treatmetit,  the  vessel 
l>e  reman<h'<l  at  its  own  ex|»ense  to  the  nean^t  national  or  other  qi 
antine  stati«>n  when*  aeconimodations  and  appliances  arc  providc?d 
the  necessary  tlisitdWtion  and  treatment  of  vessel,  passengers,  i 
cargo.  After  treatment  of  such  vessel  and  after  cert ific-at ion  by 
Uniti'd  Stjttes  quarantine  officer  that  vessel,  ejirgo,  and  pa8seugf>rs  are 
fre<_*  from  inftM^tions  dise^isc  or  danger  of  carrt'ing  the  ssime,  the  vcssseJ 
shall  lie  admitted  to  entry  at  any  j)ort  of  tlie  United  States  namt'itl  in 
tlic  et^rtificate.     But  at  ports  where  sirfficient  qtianintine  pnivision  has 
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l>een  made  by  State  or  local  authorities,  the  Secretary  of  the  Treasury 
may  direct  the  undergoing  of  quarantine  at  said  station. 

Section  7  provides  that  whenever  the  President  is  satisfied  that  by 
reason  of  the  existence  of  cholera  or  other  inff>ctioim  dj«Ans^«  in  a 
foreign  country  there  is  serious  danger  oflhe  introduction  of  the  same 
into  the  United  States,  and  that  notwithstanding  the  quarantine  defence 
this  danger  is  so  increased  by  the  introduction  of  persons  or  property 
from  such  country  that  a  suspension  of  the  right  to  introduce  the  same 
is  demanded  in  the  interest  of  the  public  health,  he  shall  have  ])ower  to 
prohibit,  m  whole  or  in  part,  the  introduction  of  persons  and  proi)erty 
from  such  countries  or  places  as  he  may  designate,  and  for  such  period 
of  time  as  he  may  deem  necessary. 

Sections  8  and  9  are  of  no  sanitary  .interest. 

In  accordance  with  the  provisions  of  this  act,  c(»rtain  rules  and  I'egu- 
lations  to  be  observ-cnl  at  foreign  ports  and  at  sea  and  at  ports  and  on 
the  frontiers  of  the  United  States  have  been  adopted  and  amended  and 
added  to  as  occasion  has  made  it  necessary  or  advisable.  These  rules 
are  subject  to  very  material  modifications  or  additions,  based  on  a  wider 
knowledge  of  the  causes  of  disease,  mcKles  of  infection,  etc.,  and  thus 
what  may  be  law  to<lay  may  be  supersedcHi  tomorrow.  Thus  the  very 
strongest  regulations  with  regard  to  yellow  fever,  which  were  made 
before  the  methcKl  of  its  dissemination  was  known,  and  with  the 
idea  that  infection  could  be  conveye<l  by  fomites,  merchandise,  bag- 
gage, etc.,  will  undoubtedly  be  changed  completely  in  consequence  of 
the  discovery,  by  Reed  and  his  associates,  that  infection  ciuinot  thus  Ik» 
conveyed.  It  is  only  rejisonable,  in  view  of  their  work,  that  quanin- 
tine  restrictions  u])on  passengers  and  cargoes  from  non-infected  jwrts 
should  be  very  greatly  nuxiified,  and  that,  in  each  instance  of  vessels 
fn»m  infected  ]>orts,  the  incubative  period  of  the  disease,  the  j)ossibility 
of  the  presence  of  infected  nuKsquitoes  on  board,  and  the  l(*ngth  of  time 
a  mosquito  retjuin^s  for  the  acquirement  of  dangerous  projxjrties,  should 
l>e  kept  in  mind.  Reed  lx?lievcs  that  a  vessel  at  an  infected  ]K)rt  can 
Ik»  loadwl  in  midstre-am  by  lighters,  and  can  then  biK^ome  infecttnl  only 
by  ])ersons  who  have  been  ex|x>se<l  on  shore,  since  the  |)robability  of 
niosquitiX?s  reaching  the  ship  by  flying  or  by  lighters  is  \QYy  slight. 
If,  then,  a  vessel  thus  loadwl  arrives  at  its  destination  fw^e  from  dis- 
ease, the  iion-immunes  aboanl  should  be  quarantiiuMl  not  longer  than 
five  days,  and  the  time  consumed  by  the  voyage  should  Ih»  in(^ludeil  in 
this  |>eri<Kl.  The  cargo  may  be  allowed  to  Ik*  discharged  without  treat- 
ment or  delay.  But  if  the  disease  should  cK'cur  while  lH»twet»n  ports, 
the  sick  should  be  n»moved,  th(»  shv|>ing  ([uartei's  disinfecte<l  with 
sulphur  dioxide  in  onler  to  destroy  all  niosquitm^s,  and  then  the  vessel 
should  be  allowed  to  dock.  Under  some  circumstances,  it  may  Im» 
neccssarj'  to  fumigate  the  hold,  for  niosquil<H»s  may  Ih»  there  in  an 
active  condition  ;  although,  unless  they  have  access  to  moisture,  they 
will  not  live  longer  than  ^vv^  or  six  days.  Rosenau  has  kept  them 
alive  in  tnmks  for  ten  days  and  long(»r,  but  moisture  was  provided. 

If  mosquitoes  are  found  on  lK>ard  a  vessel  from  an  inf(H'te<l  |>ort,  the 
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non-immiineg  should  be  detained,  unless  more  than  twenty  days  have 
already  elapsed  since  clearing.  This  period  will  be  sufficient  to  demon- 
strate the  presence  of  infection  in  the  mosquitoes,  by  the  occurrence  (»f 
cases  during  the  voyage.  If  more  than  twenty  days  have  elapsed,  there 
can  be  no  danger,  and  neither  passengers  nor  cargo  should  be  detained. 

Since  the  publication  of  Reed's  results  and  views,  many  case*  have 
been  citeil  in  the  medical  press  in  opposition  to  the  view  tliat  the  dbf- 
ease  cannot  be  spread  by  baggage,  fomites,  imd  cargoes,  but  m  no 
instance  which  has  thus  far  fallen  under  the  author's  observation  can 
the  mosquito  be  ignored.  Indeed,  in  many  of  the  cases,  the  disease 
has  broken  out,  after  an  uneventful  voyage  and  the  formalities  of 
quarantine,  in  places  where  the  specific  yellow  fever  mosquito  is  known 
to  be  indigenous.  In  some  cases,  mention  is  made  of  the  fact  that,  in 
spite  of  the  very  numerous  mosquitoes  present  where  a  case  of  the  dis- 
ease has  been  brought,  no  extension  of  the  fever  has  been  produanl ; 
but  it  is  not  stated  that  the  mosquitoes  were  Stegomyia  fasciata^  which 
is  a  vital  point  in  the  argument. 

In  view  of  the  probable  extensive  changes  in  the  rules,  it  is  deemed 
best  not  to  reproduce  here  existing  rules  in  extenso^  but  advise  one  to 
apply,  as  occasion  arises,  to  tWTieasury  Department  for  a  printed  copy 
thereof. 

As  they  stand  at  present,  the  regulations  prescribe  forms  for  bills 
of  health,  methods  of  inspection  of  passengers,  crew,  baggage,  cargo, 
food  and  water  supplies,  and  of  the  vessel  itself;  requirements  as  to 
cleanliness  of  vessels,  and  as  to  ventilation  ;  methods  of  disposal  of 
l)edding  ;  location  and  armngement  of  the  "  sick  bay  " ;  what  may  net 
be  taken  on  board  at  ports  infected  with  certiiin  diseases ;  what  mu>t 
be  disinfected,  and  how ;  what  persons  may  not  be  shipped,  an<l 
peri(Kls  of  detention  according  to  the  nature  of  the  disease  to  which 
they  have  been  exj>ose(l ;  and  general  and  particular  rules  to  apply  in 
certain  cases.  The  regulations  prescribe,  also,  requirements  as  to  clean- 
liness and  ventilation  at  sea ;  isolation  of  the  sick ;  disinfection  and 
disposal  of  the  dead  ;  and  give  in  detail  the  methods  to  be  followed  in 
disinfection  of  all  parts  of  a  ship,  of  various  kinds  of  Ciir32:oes,  and  of 
jxTsonal  effects. 

The  regulations  to  be  observed  at  ports  and  on  the  frontiers  of  the 
United  States  provide  for  the  establishment  of  quarantine  stations  at 
or  convenient  to  the  principal  ports  of  the  country,  and  prescriW 
methods  of  inspection  according  to  the  circumstiinces  of  each  case,  a>, 
lor  instance,  for  vessels  from  healthy  or  infected  ports,  and  for  vessels 
sus]MM*ted  of  being  infect<Hl  with  plague  or  yellow  fever.  Quaran- 
ti liable  diseases  are  named  as  follows :  cholera  and  cholerine,  yellow 
icver,  smallpox,  tyj)lius,  leprosy,  and  plague ;  and  rules  are  laid  down 
f<>r  the  government  of  vessels  on  which  any  of  these  diseases  have 
oeeiirrcHl  during  the  voyage,  and  for  the  treatment  and  detention  of 
passengers,  crew,  baggjige,  and  cargo. 

Following  the  passage  of  the  quarantine  law  of  1893  and  the 
promulgation  of  the    regulations   made    in   accordance    therewith,  at 
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many  portn  the  quarantine  service  wa8  surrendered  voluntarily  to  the 
national  government,  and  at  others  it  was  taken  over  by  the  same  au- 
thority, because  of  non-compliance  with  the  regulations.  At  others, 
the  regulations  have  been  adopted  and  efficiently  enforced  by  the  local 
authorities,  but  these  and  all  others  are  inspected  regularly  by  the 
Public  Health  and  Marine-Hospital  Service,  to  insure  efficiency  of 
administration  and  correction  of  faults  in  methcKls  and  defects  in 
appliances. 

In  1900,  there  were  in  the  United  States  no  less  than  120  quaran- 
tine and  inspection  stations,  of  which  number,  81  were  on  the  Atlantic 
ctwist,  17  on  the  Pacific  coast,  and  22  on  the  Gulf  of  Mexico.  They 
vary,  naturally,  very  widely  in  importance  and  equipment,  the  most 
important  one  being  that  of  New  York,  the  chief  gate  of  entrance  of 
immigrants  and  of  foreign  commerce,  and  the  least  important  being 
several  with  practically  no  arrivals  of  vessels  from  foreign  ports. 
Only  a  small  proportion  are  equipped  with  extensive  disinfecting  aj)- 
pliances,  and  but  8  are  provided  with  quarters  for  the  detention  of 
persons  held  for  observation. 

Interstate  Quarantine. 

To  prevent  the  introduction  of  contagious  diseases  from  one  State  to 
another,  Congress,  on  March  27,  1890,  passed  an  Act  providing  that 
whenever  the  President  is  satisfied  that  cholera,  yellow  fever,  small- 
pox, or  plague  exists  in  any  part  of  the  United  States,  and  that  there 
is  danger  of  the  spread  thereof  into  other  States,  Territories,  or  the 
District  of  Columbia,  he  is  authorized  to  cause  the  Secretary  of  the 
Treasury  to  promulgate  such  preventive  rules  and  regulations  as  he 
may  deem  necessary,  and  to  employ  such  inspectors  and  other  persons 
as  may  be  necessary  to  enforce  them. 

These  rules  and  regulations  shall  be  prepared  by  the  Supervising 
Surgc^on-General  of  the  Public  Health  and  Marine-Hospital  Service, 
under  the  direction  of  the  Secretary  of  the  Treasurj',  and  any  violation 
thereof  entails  a  fine  of  not  exceeding  $500,  or  imprisonment  for  not 
more  than  two  years,  or  both,  in  the  discretion  of  the  Court.  In  the 
case  of  any  officer  or  other  jxjrson  employed  to  prevent  the  spread  of 
said  diseases,  wilful  violation  of  any  of  the  (juarantine  laws  of  the 
United  States  or  of  any  of  the  rules  and  rc^gulations  made  and  promul- 
gated as  above,  or  of  any  lawful  order  of  his  su|)erior  officer  or  officers, 
the  penalty  is  a  fine  not  exceeding  $300  or  imprisonment  for  not 
exceeding  one  year,  or  both,  in  the  discretion  of  the  Court.  Any 
common  carrier  or  servant  thereof  who  shall  wilfully  violate  any  of  the 
same,  shall  be  liable  to  a  fine  of  not  exct^eding  $000,  or  imprisonment 
for  not  exceeding  two  years,  or  both,  in  the  discretion  of  the  Court. 

State  Quarantine. 

The  national  quarantine  law  and  the  niles  and  regulations  made 
thereunder  are,  as  has  been  said,  intended  only  as  minimum  require- 
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meuts,  to  which  State  or  municipal  authority  may  make  such  addition 
as  may  be  deemed  necessary  for  the  preservation  of  the  health  of  the 
people  within  its  jurisdiction.  Such  additional  requirements  may  he 
established  for  specific  periods  or  without  limit  of  time,  and  to  meet 
geneml  conditions  or  a  special  class  of  cases.  As  an  example  of 
special  regulations  made  for  a  limited  period,  the  following,  adopted  bv 
the  State  Board  of  Health  of  Louisiana,  with  reference  to  vessels  en- 
gaged in  the  tropical  fniit  trade  during  the  season  of  1899,  maybe 
cited. 

"  All  vessels  engaged  in  the  tropical  fruit  trade  between  Central 
American,  South  American,  and  West  Indian  ports  and  New  Orleans 
will  be  allowed  to  pass  the  Mississippi  River  Quarantine  Station  with- 
out detention  longer  than  is  necessary  for  a  thorough  inspection  by  day 
by  the  quarantine  officers,  so  long  as  a  properly  accredited  medical 
agent  of  this  board  certifies  that  such  ports  and  places  are  free  from 
contagious  or  infectious  disease,  and  provided  said  vessels  shall  strictly 
conform  to  the  following  conditions  : 

"  1.  They  shall  not  be  allowed  to  bring  to  this  port  bedding  or 
household  effects  of  any  kind. 

*'  2.  Afler  leaving  New  Orleans,  said  vessels  may  take  on  boanl 
passengers  during  any  part  of  their  trip,  and  bring  passengers  to  thi:; 
port  as  herein  provided. 

"  Cabin  passengers  only  will  be  allowed  at  the  discretion  of  the  med- 
ical officer.  This  officer  must  satisfy  himself  that  the  applicant  hn^ 
not  been  in  any  infected  locality  in  the  past  thirty  days,  and  thjit  none 
(»!'  his  effects  have  been  cxposeil  to  infection,  and  further  such  effwts 
shall  have  been  fumigated  or  disinfected  before  going  on  boanl. 

"  Passengers  may  be  taken  on  board  from  one  healthy  port  to  another, 
each  of  said  j)orts  having  a  medical  officer  representing  this  h<»ani ; 
under  the  same  restrictions  said  jmssengers  may  be  brought  to  New 
Orleans.  Personal  effects  of  passengers  are  restrieti»d  to  personal 
wearing  apparel,  and  should  as  much  as  possible  consist  only  of  clean, 
recently  laundered  clothing,  and  such  effects,  togt^ther  with  piissenger^' 
trunks,  bags,  valises  or  baskets,  must  be  fumigated  before  being  broutrht 
oil  board. 

^^  The  medie^il  officer  will  refuse  to  permit  the  bringing  of  any  un- 
usual or  unnecessary  amount  of  baggage,  it  l>eing  the  purpose  of  the 
hoard  of  health  to  facilitate  the  affairs  of  commerce  l)y  permitting 
j>assenger  communication  whereby  business  may  be  transiicted  in  a  safe 
manner,  holding  highest  the  health  of  the  community  ;  and  it  is  insisUxl 
that  material  capable  of  carrying  any  possible  infection  should  l>e 
limited  to  th(^  l(»ast  possible  amount.  Woollen  bags  or  caqn^t  sack> 
will  be  ])rohihited.  Tninks  should  be  of  metal.  w<kx1,  or  iwjkt; 
valises  of   leather  or  paper. 

*'  The  medical  officer  will  make  a  personal  inspection  of  all  |>assengers 
and  of  every  nK'inhor  of  the  crew  just  prior  to  the  de{>arture  of  the 
vesel,  and  give  a  certitieate  to  the  master  of  the  vessel  of  the  con- 
dition of  such  persons  examined,  marking  opposite  the  name  of  each 
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piTson  on  the  list  furnished  him  by  the  officers  of  the  vessel  of  every 
]K*rHon  on  board  such  observations  as  may  seem  to  him  to  be  advisable 
<»oncerning  the  condition  of  said  person's  present  or  previous  state  of 
health. 

"  Medical  officers  will  invariably  assist  masters  of  vessels  in  treat- 
ment of  members  of  crew  or  passengers  taken  sick  on  board  vessels 
and  should  make  notes  of  such  treatment  in  writing  to  be  sent  to  the 
quarantine  officer  at  home  ports. 

**3.  Vessels  shall  not  touch  at  any  infected  port  or  have  any  com- 
munication with  any  vessel  during  their  voyage  except  in  case  of  dis- 
tress. 

"  4.  They  shall  not  touch  at  such  porfc^  or  stations  as  are  not  men- 
tioned in  their  schedule,  which  latter  shall  be  communicated  to  the 
hoard  of  health. 

"  0.  They  shall  be  required  to  make  a  full  disclosure  when  arriving  at 
quarantine  station  of  all  iK)rts  and  places  they  have  visited  on  their  voyage. 

"  6.  They  may  take  on  board  a  crew  of  laborers  after  inspection  by 
the  medical  officer  and  disinfection  of  clothing  of  such  crew  for  such 
healthy  point  where  they  jx?rmanently  reside  and  remain,  the  crew 
being  as  nearly  as  jK^ssible  composed  of  the  same  men.  The  captain 
or  other  officer  may  go  ashore  only  for  the  puqwse  of  entering  or  clear- 
ing vessels.  Any  further  communication  with  shore  or  natives  will  Ik» 
considered  a  violation  of  regulations,  and  vessels  in  default  will  l)e 
treated  accordingly. 

"  7.  These  vessi»ls  shall  l)e  cleansed,  and,  when  necessary,  disinfected 
in  the  eity  of  New  Orleans  after  discharge  of  cargo." 

Sanitary  Oordon. 

What  is  known  as  a  sanitary  conlon  ("cordon  sanitaire")  consists 
of  an  extended  line  of  guards  thrown  alK)ut  a  district  to  prevent  access 
thereto  or  egress  therefrom  of  any  person  or  thing  which  may  act  as  the 
<;nrrier  of  infliction.  The  object  is,  in  other  words,  to  protect  the  dis- 
trict from  infwtion  from  the  surrounding  country  or  to  protect  the  lat- 
ter from  infection  from  the  district.  Sometimes  a  double  line  is  estab- 
lished, the  territory  inti»rvening  being,  i)erha])s,  only  sus|)eoted  of  being 
inflected.  Cordons  are  not  uncommonly  established  in  the  South  against 
yellow  fever,  but  are  practically  unknown  in  the  North.  In  California, 
in  1900,  a  cordon  was  mainfaiiiUHl,  for  a  short  time  only,  against  a 
district  in  which  cases  of  bubonic  plague  were  l)elieved  to  be  concealed. 

Municipal  Quarantine. 

Municipal  quapantinc  comprehends  measures  for  isolating  those  sick 
with  certain  of  the  infe^ctious  diseases,  such  as  scarlet  fever,  diphtheria, 
and  smallpox,  keej)ing  others  under  observation,  and  disinfecting  rooms 
and  houses  and  objects  containe<l  therein  which  may  be  capable  of  har- 
l)oring  infection.  It  is  beyond  dis|)ute  that  public  safety  recjuires  that 
certain  sick  should  be  shut  off  from  frc»e  conmninication  with  the  out- 
side world.  This  isolation  is  most  complete  and  entails  less  hardship 
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when  it  can  be  carried  out  at  a  special  hospital  for  contagious  disea.*^^ 
but  generally  it  is  enforced,  if  at  all;  at  the  patient's  home.  Room  and 
house  quarantines  are  commonly  difficult  or  impossible  of  enforcemeni, 
especially  in  tenement  districts  among  the  very  poor,  for  it  is  among 
this  class  that  danger  of  infection  is  least  understood  and  mutual  help 
and  neighborly  visiting  most  extensively  practised,  and  thus  the  foci 
of  infection  may  become  increased  indefinitely.  In  hospitals,  on  the 
other  hand,  where  indiscriminate  egress  and  ingress  are  under  contnJ 
and  facilities  for  the  disinfection  of  discharges  are  at  hand,  the  danger 
of  spread  is  reduced  to  a  minimum. 

Esj)ecially  difficult  and  productive  of  hardship  is  the  isolation  not 
only  of  the  patient,  but  also  of  the  other  members  of  his  femily.  This 
is  commonly  practised  in  the  case  of  smallpox,  but  is  unnecessary  if 
the  other  members  have  undergone  recent  successful  vaccination,  and 
their  clothing  and  other  effects  are  disinfected  and  they  are  then  sepa- 
rdtvd  from  all  possible  contact  and  communication  with  the  patient. 
But  even  then,  they  should  be  kept  under  surveillance  for  a  time  equal 
to  the  pericxi  of  incubation.  In  times  of  epidemics  of  yellow  fever  in 
the  South,  house  quarantine  of  entire  families  has  proved  to  be  the 
cause  of  much  hardship  and  anything  but  an  unqualified  success.  It 
causes  great  popular  dissatisfaction,  leads  to  concealment  of  cases,  and 
tends,  therefore,  to  spread  rather  than  restrict  the  disease.  Treatment 
of  the  sick  in  isolation  hospitals  and  removal  of  those  who  have  been 
exposed  to  infection  to  camps  of  detention  for  five  full  days  have  been 
found  to  give  far  better  results. 

In  some  outbreaks  of  infectious  diseases,  it  is  necessary  or  advisable 
to  conduct  a  house-to-house  inspection  for  the  discovery  and  isolation 
(►f  unreported  (rases.  When  such  a  course  is  undertaken,  the  visits 
should  be  rejxiated  at  intervals  equal  to  the  j^eriod  of  incul>ation. 

The  making  of  regulations  for  municipal  quarantine  and  inspection 
is  subject  to  no  general  rule,  enrh  local  authority  being  a  law  unto 
itself.  In  some  cities,  the  rules  governing  notification,  isolation,  and 
disinf(H!tion  are  exceedingly  thon>ugh  and  strictly  enforced  ;  in  others, 
they  are  inadequate  in  varying  degrees  and  enforced  with  laxity. 

Camps  of  Detention. — Camps  of  detention  are  places  run  apart 
for  the  reception  and  observation  of  persons  who  have  been  exjxistil 
or  who  are  under  suspicion  of  having  been  exposed  to  the  contairi"" 
of  smallpox  or  other  quarantinable  disease.  They  should  be  under 
strict  surveillance  and  governed!  by  inflexible  rules.  Every  person 
should  he  examined  before  admission,  and  such  effects  as  he  may  U' 
permitted  to  bring  in  should  be  disinft»cted  thoroughly,  for  above  all 
things,  it  is  neeessarv  to  guard  against  the  introduction  of  infection. 
The  entire  ])ersonnel  should  be  mustere<l  in  (piarters  and  examined  at 
least  tw'w.e  daily,  and  such  as  are  beginning  to  show  symptoms  must 
he  prcjuiptly  isolated.  Indiscriminate  ingress  and  egress  must  l^' 
strictly  prevented.  At  the  expiration  of  the  proper  jieriml,  in  ejieh 
case  the  clothing  and  other  personal  effects  should  l)e  thoroughly  dk- 
infected  before  discharo^e. 


CHAPTER  XIX. 
DISPOSAL  OF  THE  DEAD. 

The  public  health  rwiuiros  that  the  IxKlies  of  the  dead  shall  be 
dinposcnl  of  in  8uch  a  way  as  not  to  be  a  menace  to  the  living,  and 
as  soon  as  |M)ssible,  with  due  consideration  of  the  feelings  of  those 
bereaved.  In  the  case  of  those  dead  of  infectious  diseases,  disposal 
should  not  Iw  delayed  by  sentimental  considerations,  but  should  be 
accomplished  with  as  little  delay  as  {)ossible,  on  account  of  the 
risk  to  which  the  living  may  l>e  subjecteil  by  the  retention  of  the 
body  in  the  home. 

Concerning  methwls  of  disjM)sal,  consideration  may  be  limited  to  the 
two  in  use  by.  most  civilizes!  peoples  and  by  most  others  as  well ; 
namely,  (»arth-burial  and  cremation. 

Earth-burial. — Interment  of  the  dead  has  ever  been  the  principal 
ni<Kle  of  dis|K»sal  among  Christians,  Jews,  and  Mussulmans.  Within 
cnmpanitivcly  rwent  y(»ars,  the  results  of  overcn)wding  of  ancient 
churchyards  and  cemeteries,  and  the  nc^cessity  of  de<licating  great 
areas  of  valuable  land  to  he  held  in  ]XT|)etuity  for  the  acconmi<Klation 
of  the  dead,  have  brought  about  an  cK'ononiic  sentiment  agjiinst  the 
practice*,  and  to  it  has  bwn  added  a  f(»eliiig  of  danger  to  the  public 
liralth  from  the  discomposing  tissues,  particularly  of  those  who  have 
i\ml  of  infdK'tious  diseases. 

Buried  in  soil  of  suitable  character,  a  IkhIv  gives  otf  for  a  number 
i>f  months — six  to  nine  may  Ik*  reganle<l  as  rc*asonable  limits — foul 
g-ises  of  d(KM)m|M)sition  which  are  not  evolved  in  the  later  stiiges.  The 
rate  of  dc»com|>osition  is  influenccnl  not  alone  by  the  nature  of  the  soil, 
its  [M»n»  volume,  and  its  degree*  of  moisture,  but  also  by  the  character  of 
the  coifin,  the  d<»|)th  of  intennent,  and  th(»  j)r()cesses  to  which  the  b(Kly 
has  lM»en  subject<Hl  beion*  burial.  AftcT  some  years,  the  iK»ri(Hl  varying 
within  very  wide  limit-^  according  to  circumstan(^c»s,*  decom|M)sition  is 
complete  and  but  little  remains  besides  b(»nes,  more  or  less  cnunbly  in 
cha  meter. 

It  is  charges!  against  earth-burial,  that  the  ])laces  use<l  for  the  pur- 
j)ose  arc*  offensive;  that  the  air  iK'Comes  |H>isoned  ;  that  the  soil  be- 
comes laden  with  disease  germs  of  all  descriptions,  which  are  pre- 
scrvcnl  indefinitely,  and  that  water  supplies  are  converted  to  dilute 
jK)isons  of  great  |K)tency  ;  that  is  to  sjiy,  cemeteries  prcKlispose  to 
and  act  as  (lirt^'t  caus<»s  of  dis^-jise.  As  proof,  numerous  cases  which 
will  not  beiir  close  scnitiny  are  cited,  but  the  whole  mass  of  what  is 
>  Set*  c«8c*  fitwl  i>n  page  293. 
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regarded  as  evidence  of  the  connection  of  cemeteries  with  the  outbreak 
of  disease  has  but  little  real  weight  and  is   unconvincing.      It  has 
been  said,  for  example,  that  typhus  and  other  fevers  were  prevalent  in 
the  immediate  neighborhood  of  old,  overcrowded  churchyards  in  Lcin- 
don   when  it  was    customarj'  to    keep  disturbing    the    soil    for  new 
interments,  regardless  of  the  number  and  condition  of  those  already 
buried.     Even  though  the  supposed  connection  were  anything  mi»re 
than  mere  coincidence,  it  may  be  said  that  nothing  of  the  sort  has  been 
noticed  within  recent  years,  and  never  anywhere  except   in  densely 
IK)pulated  neighborhoods,  in  which  densely  crowded  cemeteries  happen 
to  be  located. 

Cases  of  cholera,  yellow  fever,  scarlet  fever,  and  other  diseases  have 
been  attributed  to  the  opening  of  old  graves.  In  one  case,  often  quoti-d 
in  all  seriousness,  a  number  of  jiersons  were  seized  with  scarlet  fever 
supposedly  from  digging  up  the  surface  of  a  burial  ground  where, 
no  less  than  thirty  years  before,  a  number  of  victims  of  that  disease 
had  been  buried.  Sir  Henry  Thompson  has  said :  "  The  }x>isons  of 
scarlet  fever,  enteric  fever,  smallpox,  diphtheria,  malignant  cholera, 
are  undoubtedly  transmissible  through  earth  from  the  buried  body  by 
more  than  one  mode.  And  thus  by  the  act  of  interment  we  literally 
sow  broadcast  throughout  the  land  innumerable  seeds  of  pestilence; 
germs  which  long  retain  their  vitality,  etc.,  many  of  them  destined  at 
.some  future  time  to  fructify  in  premature  death  or  ruined  health  to 
thousands." 

Such  broad  stitements  are  easy  to  make,  but  exceedingly  difficult  or, 
indeed,  impossible  to  substantiate.  If  true,  it  would  ap|x^r  that  the 
earth,  instead  of  being  the  great  natural  resolvent  and  disinfectant  of 
all  forms  of  dead  organic  matter  dei>osited  below  the  surface,  l<  a  mine 
of  septic  matter,  in  spite  of  which,  the  world  at  large  continues  to 
increase  in  health  and  the  average  length  of  life  to  extend  little  by 
little  with  every  decade. 

It  is  said  also  that  the  spores  of  all  known  species  of  jxithogenic 
bacteria  are  very  resistant  and  retain  their  virulence  indefinitely.  But 
even  if  this  were  true,  and  it  is  not  true,  it  is  not  shown  that  the  spm^ 
bearers  in  the  body  form  spores  after  death  occurs.  As  a  matter  of  fact, 
the  basis  of  the  bacterijil  scare  concerning  the  dangers  of  earth-burial 
rests  on  no  more  solid  foundation  than  the  instance,  quoted  in  the 
cha])ter  on  Soils,  of  anthrax  spores  supposed  to  have  beiMi  brought 
to  the  surface  bv  earthworms  that  had  acquired  them  from  a  cow  buried 
two  meters  below,  which  instance  has  no  value  as  evidence  for  reasons 
already  explained. 

C'oininjr  to  a  consideration  of  the  actual  dangers  arising  from 
earth-burial  and  from  the  proximity  of  cemeteries,  it  must  be 
admittcM^l  at  the  outset  that  merely  stinking  gases  are  inc:i]iable  of 
transmitting  disonse,  and  are,  moreover,  absorl>ed  and  deodorizetl  by 
the  soil  itself.  The  siune  ela,ss  of  foul  mlors  are  \yon\e  witliout  injury 
by  those  engaged  in  the  numerous  offensive  trades.  Tliere  is  no 
ground   for  supposing  that    the  emanations    from  graveyard  soil  are 
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dangerous  to  health,  for  if  they  were,  their  effects  should  be  most 
iiuirked  among  grave-diggers,  a  clajss,  who,  like  the  workmen  in 
Hewers,  are  obstinately  healthy  in  spite  of  all  a  priori  reasoning  to  the 
contnir)'. 

Whether  the  soil  Injcomes  seriously  ]K)lluted,  is  a  question  which  bears 
on  the  possible  contamination  of  the  ground-w^ater.  This  jx)ssibility 
may  exist,  but  it  is  as  nothing  in  comparison  with  the  jwllution 
of  the  soil  and  its  contained  water  by  leaching  cesspools,  into  which 
man  cjists  yejirly  several  times  his  weight  of  liquid  and  solid  excreta 
from  his  own  body,  and  there  is  recorded  no  single  well-authenticated 
case  of  outbreak  of  disease  due  to  water  contaminated  by  the  drainage 
of  a  graveyard. 

On  general  principles,  the  drainage  of  a  cemetery  should  not  be 
allow^ed  to  nui  into  streams  usihI  as  water  supplies,  and  wells  should 
not  be  loctited  in  close  proximity  to  the  boundaries  of  land  used  for 
intennents. 

While  burial  too  near  the  surface  should  be  avoided  on  account  of 
the  possibility  that  the  body  may  bi»  exhumed  by  dogs  and  other 
animals,  it  is  to  be  borne  in  mind  that  the  nearer  the  body  is  to  the 
surface,  the  more  rapid  will  decomposition  occur.  In  order  to  shorten 
as  much  as  jM)ssible  the  time  required  for  complete  resolution,  the  coffin, 
which  should  not  Ik?  of  t<M)  permanent  material,  should  l)e  placed  in 
immc*diate  contact  with  the  earth,  and  not  in  a  bricktKi  enclosure  or 
vault.  The  use  of  wicker  coffins  is  urged,  since  they  offer  less  obstacles 
to  the  natural  prowesses  of  resolution  than  any  other.  Metallic  coffins 
which  retain  the  prcRlucts  of  d(»comj>osition  indefinitely  should  be 
prohibited.  The  top  of  the  gnive  shoukl  Ix^  a  mound  of  earth  capable 
of  supporting  a  fairly  luxuriant  growth  of  vegetation,  which  assists  in 
draining  the  soil  and  makes  use  of  the  prcnluct**  of  decay. 

Sites  for  Cemeteries. — In  the  selection  of  a  site  for  a  cemetery, 
particular  attention  should  U*  given  to  the  nature  of  the  soil.  This 
should  be  dry  and  jKTmejible  to  air ;  the  ground- water  level  should 
normally  be  well  Ix^Iow  the  bottom  of  the  deejH^st  grave ;  the  surface 
should  be  of  rich  loam,  whicli  acts  as  a  powerful  deodorant  and  provides 
for  an  abundant  growth  of  vegetation.  Clay  soils  are  objectionable  on 
account  of  dampness  and  imjK»rmeability,  wliich  prevent  rapid  dwom- 
jwsition  of  the  bcnlies.  Kocky  soils  are  objectionable  on  account  of 
their  dniinage  and  the  obstacles  to  the  digging  of  graves. 

Much  has  V)een  written  concerning  the  danger  of  pollution  of  water 
supplies  by  the  dniinage  of  (»cinet<Ties,  and  this  danger  should  be  kept 
in  mind,  but  it  is  unlikely  tliat,  with  proper  locations  well  away  from 
habitations,  serious  pollution  will  oecur.  Where  land  is  abundant  and 
cheap,  the  imnuxliate  neighlH)rhood  of  cemeteries  for  purposes  of  resi- 
dence is  genendly  avoidinl,  but  it  is  always  well  to  pay  attention  to  the 
proper  drainage  of  lands  devoted  to  burial  puq)oses,  and  to  consider 
the  jK)ssibility  of  the  fouling  of  any  wells  already  prt»s<»nt  or  likely  to 
be  sunk  in  the  surrounding  soil. 

Cremation. — I)isiM)sal  of  the  dcwl  by  burning  was  practised  in  very 


774  DISPOSAL   OF  THE  DEAD. 

early  times  as  a  mark  of  respect  by  some,  or  of  dishonor  by  others,  or 
from  motives  of  expediency  after  great  slaughter  in  warfare ;  but  the 
practice  of  incineration,  based  on  economic  and  sanitary  considerations, 
is  of  quite  recent  origin  among  Christian  peoples.  The  arguraent« 
urged  in  its  favor  from  an  economic  standpoint  are  indisputable,  for 
not  only  can  the  dead  be  thus  dis]x>sed  of  much  more  cheaply,  but  the 
necessity  of  devoting  large  tracts  of  valuable  land  for  purpos^es  of 
burial  is  done  away  with. 

From  a  sanitary  standpoint,  the  arguments  are  not  so  strong  and,  in 
fact,  are  easy  of  refutation.  It  is  urged  that  earth-burial  is  a  menace 
to  public  health,  and  a  number  of  supposedly  convincing  instances  are 
cited  as  proof  of  this  statement ;  but  these  cannot  withstand  the  test 
of  careful  examination  and  weighing  of  evidence,  and  it  must  be  ad- 
mitted, even  by  the  strongest  advocates  of  cremation,  that  there  is  no 
definite  statistical  evidence  that  the  general  death-rate  or  any  special 
death-rate  has  ever  been  influenced  by  earth-burial. 

It  is  urged  also  that  earth-burial  is  repulsive  in  idea  and  horrible  in 
practice,  and  while,  in  the  minds  of  many,  this  statement  is  true, 
it  is  to  be  said,  on  the  other  hand,  that  in  the  minds  of  far  more,  the 
argument  applies  with  greater  force  to  the  practice  of  incineration. 
From  the  time  of  the  early  Christians,  who  practised  interment  by 
stealth,  earth-burial  has  ever  been  the  one  method  of  disjxxsal,  and  the 
sentiment  in  its  fav^or,  fostered  through  nineteen  centuries  of  pra<*tic«», 
is  a  powerful  obstacle  to  the  general  adoption  of  cremation,  and  c^n 
only  slowly  be  overcome.  A  strong  feeling  that  cremation  is  <»p|K>se<l 
to  Christian  dcxitrine  concerning  the  resurrection  of  the  binly  c:m  only 
be  overturned  by  the  influence  of  the  clerg\',  many  of  whom,  including^ 
Protestants  and  Roman  Catholics  of  eminence,  have  already  done  nuioh 
in  advocacy  of  the  practice  as  a  rational,  economic,  and  sanitiiry  means 
of  disposal. 

Aside  from  religious  feeling,  the  strongest  argument  urged  against 
cremation  is  the  destruction  thereby  of  evidence  of  poisoning  in  c^ses 
in  which,  after  disposal  of  the  b(xly,  suspicion  of  foul  play  may  arise ; 
but  wlien  one  considers  the  very  great  infrequency  of  exhumations  nn 
this  ground,  and  the  still  greater  infrequency  of  ]>ositive  rt^sults  then^ 
from,  this  objection  can  hardly  be  r^^arded  as  entitled  to  nuu»h  weight. 
In  the  ciise  of  the  metallic  poisons,  the  evidence  would  still  Iw  present 
in  most  cases  in  the  ashes  ;  in  the  case  of  the  organic  comjK)un(ls,  it 
must  be  borne  in  mind  that,  under  most  favorable  conditions,  In^irin- 
ninjr  the  analysis  before  the  onset  of  jnitrefaeticm,  their  detection  in 
the  small  amounts  commonly  employed  is  by  no  means  easy,  and 
afterward  is  extremely  difficult  and  more  often  impossible. 

Fiirtherniorc,  it  must  l)e  borne  in  mind  that,  unless  suspicion  arises 
before  or  immediately  after  death,  chemical  analysis  is  commonly  viti- 
ated by  the  universal  practice  of  embalming  the  IxkIv  with  strong  solu- 
tions c()ntainin<r  the  very  substances  sought.  In  every  case  of  doubt 
as  to  the  cause  of  death,  tlie  body  sh(^uld  be  subjected  at  once  to  proper 
examination.      In  some  States,  legal  |)rovision  has  been  made,  forbid- 
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ding  embalming  in  case  of  death  by  violence,  until  the  body  has  been 
*'  viewed  "  by  the  proper  authority,  and  providing  for  proper  certifica- 
tion before  incineration. 

History  of  Modem  Oremation. — According  to  Jaimnese  authori- 
ties, cremation,  as  at  present  practised  among  civilized  nations,  had  its 
origin  in  their  country  many  years  ago.  Until  1871,  however,  no 
special  crematories  were  installed,  the  body  in  its  coffin  being  placed  on 
stones  siu'rounded  by  wood  or  other  inflammable  material.  In  that  year, 
crematories  were  erected ;  and  since  then,  the  practice  of  incineration 
has  increased  to  such  an  extent  that,  in  1897,  in  Tokio,  of  34,000  per- 
sons who  died,  15,000,  or  44  per  cent.,  were  cremated.  In  1898,  the 
percentage  was  about  the  same. 

In  this  country,  the  first  movement  in  favor  of  cremation  occurred 
in  New  York,  in  1873,  but  the  first  crematory  was  not  erected  until 

Fio.  118. 


Curve  showinRT  number  of  cremations  in  the  United  States.    (After  Abbott.) 


1876.  This  was  built  at  Washington,  Pa.,  by  Dr.  J.  T.  LeMoyne, 
for  the  disposal  of  his  own  Ixnly,  and  was  the  only  one  in  the  country 
until  1884,  when  another  was  established  at  Lancaster,  Pa.  During 
this  interval  of  eight  years,  the  use  of  his  (Tematory  was  allowed  by 
Dr.  I^eMoyne  for  others,  and  25  incinerations  were  performed.  Be- 
tween 1884  and  1900,  the  number  of  crematories  increased  to  26, 
which  growth  indicates  a  stinidy  increase  in  public  sentiment  in  favor 
of  the  process.  The  nunilxT  of  cremiitions  performed  in  the  United 
States  from  1884  to  1899  is  shown  in  Figure  113  from  the  monograph 
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by  Dr.  Samuel  W.  Abbott/  contributed  by  the  Commonwealth  of 
Massachusetts  to  the  United  States  Social  Economy  Exhibit  at  the 
Paris  Exposition.     During  this  period,  8,885  cremations  occurred. 

The  first  table  on  page  776,  from  the  same  monograph,  shows  the 
progress  of  the  movement  in  the  United  States.  The  second  table 
shows  the  growth  of  the  movement  in  Great  Britain  to  1899. 

Next  to  the  United  States  in  the  number  of  crematories  stands  Italy, 
where,  in  1901,  22  were  in  operation.  The  movement  began  in  Italy 
in  1857,  but  nothing  was  accomplished  until  1897,  three  years  after 
legal  sanction  was  obtained.  Germany  had,  in  1901,  7  establishments, 
the  first  of  which  was  installed  at  Dresden  in  1874;  Great  Britain 
had  7,  the  first  of  which  was  established  in  London  in  1885  ;  France 
had  2,  Switzerland  had  3,  Sweden  had  2,  and  Denmark  had  1. 

According  to  Sir  Henry  Thompson,^  there  were  in  the  United  States 
during  1901,  no  less  than  2,605  incinerations;  in  Germany,  693;  in 
England,  445  ;  in  Paris,  297  ;  in  Italy,  at  12  of  the  22  institutions, 
243 ;  in  Switzerland,  at  2  of  the  3  institutions,  144. 

In  the  destruction  of  the  body,  the  apparatus  is  so  constructed  that, 
while  reduction  to  ashes  is  complete  within  three  hours,  no  offensive 
fumes  are  given  off.  Commonly,  the  body,  inclosed  in  a  simple 
wooden  coffin,  is  placed  in  the  retort,  which  is  then  intensely  heated 
by  an  oil  flame,  with  which  air  under  pressure  is  mixed  by  a  blower. 

^  The  Pant  and  Prenent  Condition  of  Public  Hygiene  and  State  Medicine  in  the 
United  States,  Boston,  1900. 
^  The  Lancet,  July  5,  1902. 
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AiNloiiiinal  Imnd^,  579 
AJninthe,  201 
AbyHHinian  wells,  340 
At'L-tylene,  450 
Acid  albuinints  20 

boric,  u»e  of,  in  foods,  213 

carbolic,  532 

citric,  in  fruits,  etc.,  28 

nialic,  in  fruits,  etc.,  22 

oxalic^  in  fruits,  etc.,  23 
.  salicylic,  use  of,  in  ftxxis,  216 

tartaric,  in  fruits,  etc.,  23 
AciiU,  mineral,  disinfection  by,  532 
in  air,  235 

organic,  in  foods,  22 

vegetable,  22 
Actinomycosis,  43 

cbaracter  of  milk  in,  99 
Adulteration  of  beer,  180 

of  butter,  125 

of  cheese,  135 

of  chocolate,  175 

of  clothing,  720 

of  co<'(Mi,  175 

of  cofTw,  172 

of  flour,  143 

of  honey,  167 

of  milk,  94 

of  tea,  170 

of  vinegar,  203 

of  wines,  192 
Ai*robiostM)i»e,  2(»9 
AKgbitinabIc  sul)stiince,  741 
AgKhitinias,  740 
Agglutinoids,  742 
Atfuc,  brassfounders',  673 
Air,  224 

acids  in,  235 

ammonia  in,  230 

amount  of,  necessary  for  ventilation, 
425 

analysis  of,  251 

a(}ueous  vapor  in,  231 

argon  in,  227 

bacteria  in,  233 

bacteriological  examination  of,  268 

carbon  dioxide  in,  227 
monoxide  in,  235 

composition  of,  224 

conveyance  of  infection  by,  244 

disinfectant  properties  of,  522 

disinfection  of,  660 


I  Air,  dust  in,  233 

filtration  of,  443 
hydrogen  in,  227 

peroxide  in,  230 
methods  of  moistening,  441 
nitrogen  in,  22(> 
acids  in,  230 
organic  matters  in,  240 
oxygen  in,  224 
ozone  in,  229 

|)ermeability  of  bricks,  etc.,  to,  428 
respired,  toxicity  of,  242 
sewer,  237 
soil,  283 

vitiated,  effects  of,  240 
Air-testers,  264 
Albuminates,  20 
Albuminoid  ammonia,  328 
Albuminoids,  20 
Albumins,  20 
Albumoses,  20 

Alcohol,   a<lviHability  of  inclusion  of,  in 
soldiers'  ration,  589 
detei*mi nation  of,  181 
disinfectant  pivju-Tties  of,  537 
tables,  182 

use  of,  in  the  tropics,  631 
Ale,  175 
Alewife,  36 
Alexins,  733 
Alga>,  destruction  of,  in  water,  363 

presence  of,  in  water.  322 
Alkaline  soils,  272 
Alkaloidal  lieverages,  168 
Allspice,  206 
Alnnrnds,  152 
Alum  in  bjiking-powdeiN,  208 

use  of,  in  puHticntion  of  water,  351 
in  wines,  193 
Aluminum  chloride,  disinfectant  pro[>erties 
of,  52t) 
wai-e,  223 
I  Ambweptors,  735 
"  Amines"  proct»ss  for  sewage  disjiosal,  495 
Amniimiu,  albuminoid,  328 
j  detennination  of,  395 

!  free,  determination  of,  395 

I  presence  of,  in  water,  326 

influence  of  fumes  of,  on  health,  670 


presence  of,  in  air,  230 
ylo 


Amyloids,  20 
Anffimia,  minei's',  304 
Anilin  coloi-s  in  wines,  194 

influence  of  vajxirs  of,  on  health,  672 
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Anilin  orange,  detection  of,  in  milk,  120 
Animal  foods,  2^^ 
Ankylostomiai«is,  304 
AnkyloKtomum  duodenale,  304 

spread  of,  by  water,  392 
Annatto,  detection  of,  118 
Anopheles,  642 

Anthrax,  cause  of,  destroyed  by  cooking, 
42,  43 
connection  of  soil  with,  303 
spread  of,  by  flies,  637 

by  water,  375 
Anticholera  inoculation,  751 
AnticoniplementH,  737 
production  of,  739 
Antihiemolytic  serums,  737 
Anti-immune  bodies,  737 

production  of,  740 
Antileucotoxins,  737 
Antjplague  inoculation,  751 
Antiseptics,  511 
Antispenuotoxins,  737 
Antistreptococcus  serums^  753 
Antitoxic  treatment  of  diphtheria,  746 

of  dysentery,  749 

of  hay  fever,  748 

of  tetanus,  748 
Antitoxins^  727 
Antityphoid  senim,  749 
Apples,  159 
Apricots,  160 
Aqueous  vapor,  determination  of,  252 

presence  of,  in  air,  231 
Arpiind  burners,  448 
Arp.l,  190 
Ar^on,  227 
Arrowroot,  152 
Arst'iiic  in  Infr,  179 

influence  of  dust  of,  on  health,  675 
uses  of,  in  the  arts,  675 
AiMMiiuretttHl  hydn>Ken,  [wisoning  by,  673 
Artt»sijin  wells,  342 
Artichokes,  lo7 
As<*aris  luinhrieoidcs,  sprcjul  of,  bv  water, 

:«n 

Ashland.  Wiseonsin,  ei»ideniic  of   typhoid 

fever  at.  :5S1 
Asiatic  cholera,  are  Cholera. 
Asjmrairu<,  15S 
AMerionella,  323 

BA RC'C  )('K  methcKl  of  dctemiining  fat,l  14 
Ikieillol,  :VM\ 
Harillus  eoli,  detection  of,  hv  neutral-red, 
41.') 
sipniticanee  of,  in  water,  334 
Bacon,  29 

])oisonin|<  bv,  6S 
Bacteria  tiller,  502 

jrrowth  of,  in  milk,  88 

kinds  of,  concenieil  in  meat-poisoning, 

i)resence  of,  in  air,  233 
in  milk,  89 
in  oysters,  52 
in  water,  332 


Bacteria,  resistance  of,  to  low  temperatures, 

393 
Bacteriolysis,  732 
Baking  powders,  206 
BalUtraps,  463 
Bananas,  162 
Barley,  144 

malt,  178 

pearl,  144 
Barracks,  599 
Bass,  36 
Bathing,  706 
Baths,  706 
Bath-tubs,  482 
Beans,  150 

broad,  150 

kidney,  150 

S4>ja,  150 

string,  150 

canned,  150 
Bedbugs,  transmission  of  disease  by,  640 
Bed-linen,  disinfection  of,  559 
Beef,  26 

canned,  29 

composition  of,  28 

corned,  29 

}>oisoning  by,  59,  70 
Beefsteak,  composition  of,  28 
Beer,  175 

adulteration  of,  180 

analysis  of,  181 

arsenical,  poisoning  by,  179 

colonial  laws  cH)nc»eming,  177 

composition  of,  180 

detection  of  })reservatives  in,  188. 

extract,  detenu inat ion  of,  188 

manufacture  of,  177 

neuritis  caused  by,  179 

preservatives  in,  181 

use  of,  in  the  tropics,  ('»32 
Beerwort,  177 
Beet  sugar,  1 63 

tops,  158 
Beets,  157 
Bell-traps,  4»>4 
Berkefeld  filter,  356 
Berries,  162 
Beverages,  al(H)holic,  175 

alkaloidal,  168 

distilled.  197 

fennented,  175 
Bil^c- water,  624 
Bilhai-zia  ha^matobia,  392 
Birds,  meat  of,  26 
Birth-rates,  693 
Biscuits  142 
Blackberries,  162 
Black  strap,  165 
Blankets,  waterproof,  580 
Blueflsh,  36 
Blue-green  algte,  322 
Boiling,  disinfection  by,  519 

purification  of  water  by,  355- 
IV)l()gna  sausage,  32 
]^K>ks,  disinfection  of,  564 
B(M>ts,  578 
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Boot*,  fit  of,  722 

Borax,  action  of,  on  digfefttion,  93 
on  the  Hvstem,  214 

detection  of,  in  milk,  120 

use  of,  in  foodH,  2  Hi 

in  preserving  milk,  93 
Boric  acid,  detection  ot  in  milk,  120 
UHC  of,  in  fooGH,  213 

in  preserving  milk,  93 
BotliHocephalnH  latus,  37 
Bottle-trafw,  4()2 
Botulinm,  55 
R»vle,  law  of,  261 
Hiindy,  198 
Bnnid,  140 

milled,  142 
BrickmakerH'  dineane,  304 
Bnmiine,  disinfectant  properties  of,  526 

influence  of,  on  healtn,  670 

use  of,  in  purification  of  water,  353 
Brussels  sprouts,  1 58 
Bubonic  plague,  inoculation  against,  751 
Buckwheat,  148 
Burgundy,  191 
Butler,  ra.,  epidemic  of  typhoid  fever  at, 

384 
Butter,  124 

analysis  of,  128 

artificial,  125 

character  of  fat  of,  125 

composition  of,  124 

"process,"  127 

rancid,  124 

"renovated,"  127 

spread  of  disease  by,  1 27 

tubercle  bacilli  in,  127 

use  of  glucose  in,  125 
preservatives  in,  125 
Butterfish,  36 
Butterine.  125 
Butyric  fennents,  88 
Butyrin,  21 
Butyrorefinctometer,  131 

riABBAGE,  158 
\j  Caffeine,  168 
■Oiisson  disease,  ()82 
Calcutta,  Black  Hole  of,  241 
•<!iilories.  17 
Calves*  liver,  30 
Cameron's  septic  tank,  504 
Camps,  597 

detention,  770 

ins|)ection  of,  606 

sanitation  of,  607 

sewenige  of,  ()04 

wnter-MUpplv  of,  604 
Candy,  167 
Cane-sugiir,  1()3 
•Cannoil  U'vf,  29 

fo<KlK,  209 

metallic  contamination  of,  221 

meats,  210 
•Canning,  preservation  of  foods  by,  209 
Capillarity  of  soil,  determination  of,  312 
•Capillary  water,  278,  286 


Caprin,  21 
Capn)in,  21 
Capr^lin,  21 
Capsicum,  206 
Caramel,  H>^{ 

detection  of,  119 
C^irbohydrates,  amount  of,  necessary,  18 
classificration  of,  21 
function  of,  22 
C-arbolic  acid,  532 
powders,  534 
soaps,  541 
Carbon  dioxide,  amount  of,  in  water,  325 
detenni nation  of,  in  air,  257 

in  soil  air,  313 
increase  of,  during  fogs,  251 
pennissible  amount  of,  in  air,  229 
presence  of^  in  air,  227 
sources  of,  in  air,  227 
disulphide,  influence  of,  on  health,  671 
monoxide,  235 

amount  of,   in   illuminating  gas, 

449 
determination  of,  in  air,  265 
influence  of,  on  health,  670 
poisoning  by.  236 
sources  of,  236 
Carlsbad  water,  331 
Carrots,  157 
Caseins,  20 
Cassia,  20(i 

Cats,  use  of,  as  food,  23 
Catsup,  202 
Cauliflower,  158 
Celery,  158 
Cellulose,  22 
Cemeteries,  drainage  of,  773 

sites  for,  773 
Census,  687 
Cereals,  137 
Cerebro^^pinal  meningitis,  transmission  of, 

through  air,  249 
Chalk,  adulteration  of  milk  with,  95 
(!hamberland-Pasteur  filter,  356 
('hampagne,  192 
Chaptalizing  of  wines,  193 
Charles,  law  of,  261 
Chauveau's  retention  theory,  727 
Cheese,  132 

adultemtion  of,  135 
analysis  of,  11^5 
composition  of,  134 
"faults"  in,  133 
"filled,"  135 
manufactun'  (»f,  133 
poisoning  by,  88,  136 
varieties  of,  134 
Chemiotaxis,  744 
(^berries,  160 
Clieslnuts,  153 
Chicken,  31 
Chicory,  172 
ChigtM?,  (vM 

Chihlren,  cnij)loyment  of,  685 
Chloride  of  lime,  disinfectant  pro[»erties  of, 
524 
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Chloride  of  lime,  iwe  of,  in  purification  of 

water,  352 
Chlorinated  soda,  disinfectant  properties  of, 
526 
use  of,  in  purification  of  water,  352 
Chlorine,  determination  of,  in  water,  402 

diHinfectant  properties  of,  524 

influence  of,  on  health,  669 

presence  of,  in  soils,  272 
in  water,  330 

use  of,  in  purification  of  water,  353 
Chocolate,  174 

Cholera,  Asiatic,  connection  of  soil  with, 
300 

belt,  579 

epidemics  of,  due  to  water,  386 

infantum,  spread  of,  by  milk,  108 

preventive  moculation  against,  751 

propagation  of,  in  India,  388 

transmission  of,  by  flies,  637 
through  air,  249,  250 
milk,  105 
ovsters,  49 
water,  375,  386 
Chromates,  detection  of,  in  milk,  122 
Cider,  196 

vinegar,  202 
Cinnamon,  206 
Cisterns,  336 

Citric  acid,  presence  of,  in  milk,  85 
Clams,  37 

sewage  j)ollution  of,  52 
Claret,  191 

( 'lark's  process  for  removal  of  hardness,  364 
Clay  soils,  270 
Clothing,  714 

adultenition  of,  7*20 

disinfection  of,  ^oO 

heat  conductivity  of,  71') 

hyj]CJ'<^^c(>picity  of,  715 

influence  of  color  of,  r)77.  714 
of  texture  of,  714 

kind  of,  necessary  in  the  tropics,  633 

materials  usimI  in,  715 

selection  of,  722 
Cloves,  -205 
Coajriilin,  742 

( 'oal-^is,  composition  of,  440 
Coal-tar  colors,  detection  of,  104 

presence  of,  in  wine,  194 
Cocoa,  173 

flake,  174 

shells,  17") 

solnhle,  174 
Co<"oanuts,  l.")*J 

Co<'kles,  sewa^'  pollution  of,  51 
C^Mlfish,  'M\ 

s;ilt,j{7 
CofTi*e,  171 

a(lultei*ation  of,  172 

(•(imposition  of,  172 
Coffins,  744 
Cold,  antisi'ptic  action  of,  -"ilO 

pres<*rvation  of  food  by,  209 
Colla^^ens,  20 
Colostrum,  87 


Complementoids.  738 
Complementophile  groups,  743 
Complements,  737 

source  of,  738 
Condensed  milk.  95 
Condiments,  202 
Conduction,  436 
Confectionery,  167 
Contagious  diseases,  725 
Convection,  436 
Cooked  milk,  detection  of,  122 
Cooking,  action  of,  on  meats,  25 
Copper,  addition  of,  to  foods,  219 

sulphate,  disinfectant  properties  of,  530 
purification  of  water  by,  363 
Cordials,  201 
Cordon  sanitaire,  769 
Com,  146 

flint,  146 

pop,  146 

meal,  146 

sweet,  146 

varieties  of,  146 
Corned  beef,  poisoning  by,  72 
Cotton,  718 

clothing,  properties  of,  576 

dust,  influence  of,  on  health,  670 

workers,  diseases  of,  679 
Cottonseed  oil,  154 
Cowls,  ventilating,  429 
Crabs,  37 
Crackers,  142 
Cranberries,  162 
Cream,  96 

detection  of  gelatin  in,  123 

of  tartar,  207 
Cremation,  773 

history  of,  775 

statistics  of,  776 
Crenothrix  Kiihniana,  326 
Creolin,  535 
Cresols,  534 
Cresses,  158 

Crustaceans,  digestibility  of,  35 
Cucumber,  159 
Culex  fascia  t us,  G51 
Currants,  162 

dried,  161 
Cusk,  30 

Cutlerv  grinding,  dangers  of,  678 
Cvanide  of  mercurv.  disinfei'tant  pn^»j>enies 

*  of,  532 
Cysticercus  bovis,  37 

cellulosjK,  37 
Cytases,  744 

DALMATIAN   POWDER,   destruciii^o 
of  mosquitoes  by,  656 
Dampness,  occupations  invt^lving  exfx^ure 
to,  682 
soil,  connection  of,  with  disease,  296 
Dandelions,  158 
Dead,  disposid  of  the,  771 
Death-rates,  695 

cori'ection  of,  701 
infantile,  698 
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Death-rates,  influence  of  age  on,  695 
of  density  on,  697 
of  race  on,  696 
of  sex  on,  695 

standard,  702 

weekly,  698 

zymotic,  698 
Dececo  closet,  477 
I>en^ie,   transmission  of,  by  mosquitoes, 

6.59 
Denitrification,  329 
Deniti-ifying  bacteria,  329 
I)e<xlorant*»,  611 

IXcMtructors  for  swill  disposal,  608 
Detention,  camps  of,  770 
DeuterotoxinH,  732 
Dextnn,  21 
IVxtrfwe,  22,  164 
Dhobie  itch,  634 

Diarrhoea,    epidemic,    connection    of   soil 
with,  307 
spread  of,  by  milk,  108 
Diarrhfpal     diseases,     prevalence    of,    in 

armies,  616 
DiaHtase,  146 
Dibdin's  tiltcr,  602 
Diet,  regulation  of,  708 

selection  of,  in  the  tropics,  629 
L)ieUiries,  standard,  18 

tropical,  696 
Diphtheria,  antitoxic  treatment  of,  746 

connei»tion  of  soil  with,  301 
of  water^upply  with,  374 

preventive  treatment  of,  746 

spread  of,  by  milk,  106 

transmission  of,  through  air,  249,  250 
Disinfectants,  611 
Disinfecting  stations,  518 
Disinfection,  511 

practical,  667 
Disposal  of  the  dead,  771 
Distillation,     purification     of    water    bv, 

;;66 

Distilled  li(iuors,  197 

Distomiasis,  transmission  of,  by  moMpiitoes, 

mi) 
D«>gmeat,  inspection  of,  23 
!><)««,  use  of,  as  foo<l,  23 
DnuMmculus    medinensis,    spread    of,    by 

water,  391 
hniinage,  influence  of,  on  s«>il,  297 
Driven  wells,  340 
Dinibiu-'s  hay-fever  antitoxin,  748 
Dust,  a  constituent  of  air,  233 

B.  tuberculosis  in,  245 

determination  of,  in  air,  267 

effects  of,  in  inhabitc<l  rooms,  242 

infective,  680 

influence  of,  in  tninsmission  of  disease, 
248 
on  health,  674 

irritating,  677 

poisonous,  674 
Dyes,  poisonous,  721 
Dysentery,  antitoxic  treatment  of,  749 

connection  of  water-supply  with,  374 


EARTH  burial,  771 
supposed  danger  from,  771 
Eels,  36 
Egg-plant,  169 
Eggs,  78 

composition     of     brown-«helled    and 
white-shelled,  80 

tligestibility  of,  80 

influence  of  feed  on  flavor  of,  80 

proteids  of,  79 
Egyptian  chlorosis,  304 
Ehrlich's  theorv,  727 
Elastins,  20 
Electric  lighting,  462 
Elutriating  apparatus,  308 
Enamelled  ware,  223 
Enzymes,  20 
Epidemic  diarrluea,   spread  of,  by  milk, 

108 
Epitoxoids,  731 
Erysipelas,   transmission   of,  through  air, 

Essential  oils,  disinfectant  properties  of, 

638 
Eucalyptol,  638 
Exercise,  709 

amount  of,  rc<|uired,  712 

effect  of,  on  weight,  711 

kinds  of,  713 

F.ECES,  disinfet'ticm  of,  668 
Farinaceoas  seeds,  137 
Fat,  amount  of,  necessary,  18 

Babcock  method  of  determining,  114 
character  of,  in  butter,  126 
Werner-Schmidt  method  of  determin- 
ing, 113 
Fats,  21 

composition  of,  21 
function  of,  21 
vegetable,  163 
Fatty  seeds,  152 

Feet,  care  of,  during  marching,  585 
Felt,  720 

Ferric  chloride,  disinfectant  properties  of, 
529 
sulphate,   disinfectant    prom^rties    of, 
629 
Ferrous  sulphate,  disinfectant  proi)erties  of, 

528 
Figs,  162 

Filaria   sanguinis   hominis,  spread  of,  by 
water,  392 
transmission   of,  by  mosqui 
toes,  667 
FikMuake!*s,  diseases  of,  676 
FillcKl  cheese,  136 
Filter  l)eds,  368 

gallerit^s,  346 
Filters,  lierkefeld,  356 

(-haml)erIand-Pasteur,  636 
domestic,  355 
sand,  358 
Filtration,  intermittent,  362 
•*  mechanical,"  3r).3 
puriflcation  of  water  by,  355 
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Filtration,  sewage,  600 
Fish,  34 

composition  of,  35 

connection  of,  with  leprosy,  34 

digestibility  of^  35 

keeping  qualities  of,  35 

poisoning  by,  54 

spread  of  parasites  through,  37 

transmission  of  disease  throuKh,  42 

value  of,  as  food,  34 
Fitz*s  method  of  determining  CX),  in  air, 

264 
Flake  cocoa,  174 

Flax  dust,  influence  of,  on  health,  679 
Fleas,  transmission  of  disease  by,  640 
Flies,  transmission  of  disease  by,  637 
Flounder,  36 
Flour,  adulteration  of,  143 

"bakere',"  139 

Graham,  139 

"mixed,"  143 

"patent,"  139 

wheat,  139 
Fluk^  41 
Fluorides,  u^  of,  in  foods,  219 

detection  of,  in  beer,  188 
Flusliing  apparatus,  478 
Fogs,  influence  of,  on  health,  251 
Fomites,  relation  of,  to  spread  of  yellow 

fever,  653 
Food,  amount  of,  necessary,  17 

definition  of,  17 
Foods,  animal,  23 

canned,  209 

cereal,  137 

chemical  preservatives  of,  21 1 

composition  of,  19 

contamination  of,  by  metals,  219 

lead  in,  221 

lead-poisoning  from,  221 

nickel  in,  222 

nutritive  value  of,  17 

preservation  of,  208 

salted,  209 

smoktHi,  209 

tin  in,  210 

use  of  copper  in,  219 

veKctabU*,  136 

zinc  in,  222 
Foot-Jind-niouth  disease,  character  of  milk 
in,  98 
liannlessness  of  meat  of  animals 
dead  of,  43 
Forecastles,  021 
Foi-e-milk,  84 
Formaldehyde,  542 

action  of,  against  mosquitoes,  556 
ill  f<>(Kls,  217 

con<litions  favoring  disinfection  by,  553 

detection  of,  in  milk,  120 
in  wines,  19(i 

disinfection  by,  543 

power  of  penetration  of,  5'vJ 

toxicity  of,  554 

use  of,  in  preserving  milk,  93 
Formalin,  543 


Fonnochloral,  544 
Fowls,  composition  of,  31 
Frankfort  sausage,  32 
Fruits,  159 
Fungi,  edible,  l^\ 
Fur,  720 

Furnaces,  hot-air,  439 
Fusel  oil,  197 

GAITERS,  577 
Galactose,  22 
Galleries,  filter,  346 
Gallizing  of  wines,  193 
Garbage,  dispo!»l  of,  507 
Garget,  99 

Gas  burners,  kinds  of,  448 
Gas-leaks,  detection  of,  452 
Gas-poisoning,  449 
Gasolene  gas,  451 

Gelatin,  detei^tion  of,  in  cream,  123 
Germicides,  51 1 
Gin,  201 
Ginger,  206 
Glawhei-^s  table,  254 
Glanders,  spread  of,  by  water,  375 
Glass-grinding,  dangei-s  of,  679 
Globulins,  20 
Glucose,  164 

arsenical,  179 

use  of,  in  beer,  178 

use  of,  in  butter,  125 

wholesomene^s  of,  178 
Gluten,  138 
Go-betweens,  735 
Glycoproteids,  20 
(ioitre,  connection  of  soil  with,  306 

of  water  with,  372 
Golf,  713 
Goose,  31 

liver,  31 
Gooseberries,  162 
Graham  flour,  139 
Grai>e  sugar,  22 
Gra|>e8,  1(51 
Grease  traiw,  464 
Green  turtle,  37 
(xround-water,  287,  318 

movement  of,  3*i0 

supplies,  3ii8 
(Truber-Widal  reaction,  741 
Guinea-worms,  391 

HABITATIONS,  420 
Haddt»ck,  3i>^ 
ILemagglutinins,  741 
Haemoglobins,  20 
'  Hiemolysins,  734 
Hiemolysis,  733. 
IIjiMuosporidia,  645 
Hake,  36 
Halibut,  36 

smoked,  37 
Halteridium,  647 
Ham,  29 

)>oisonin^  by,  66,  69 
Hambui-g,  epidemic  of  cholera  at,  38^ 
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Hamburg  steak,  preHenration  of,  217 
IIammockH,621 
Ilaiuli),  disinfection  of,  5(K) 
Ilaptins,  744 
Hnptophores,  729 

Hardness,  determination  of,  in  water,  403 
of  water,  331 

permanent,  332    - 
removal  of,  364 
temporary,  332 
Hay  fever,  antitoxic  treatment  of,  748 
Heat,  disinfection  by,  514 

exposure  to  extreme,  682 
Heating,  42^^ 

Hermite  process  for  sewage  disposal,  41)5 
Herring,  36 

smoked,  37 
Herrings,  poisoning  by,  01 
Hog  cholera,  spread  of,  by  water,  375 
Hominv,  146 
Honey,' 165 

adulteration  of,  167 
poisoning  by,  ]($6 
Hookworm  disease,  'MA 
H()p|>er  closets,  475 
Hops,  176 

Kulistitutes  for,  179 
Horse  meat,  26 

amount  of,  eaten,  31 
composition  of,  31 
poisoning  by,  73 
detection  of,  3^^ 
use  of,  in  sausage,  32 
Hospital  tents,  601 
Hot-water  heating,  439 
Huckleberries,  162 
Humiditier,  442 
Humidity,  absolute,  232,  252 
excess  of,  in  tropics,  627 
relative.  2:i2,  252 
Humus,  271 
Hub«,  soldiers',  603 
Hydric  trap,  469 
HydnKrhloric  acid,  influence  of  fumes  of, 

on  liealth,  669 
Hydrogen,  a  constituent  of  air,  227 

peroxide,  action  of,  as  a  food  preHerva- 
tive,  218 
disinfectant  |M)wer  of,  523 
Hygroscopic  water,  278,  286 

I<'1';393 

1      artificial,  394 

cream,  |)oi.soning  by,  88 

transmission  of  typhoi<l  fever  through, 

lihnuinating  gas,  kinds  of,  449 


iM)isoning  by,  236 
txHlies.  73t)  * 
jKirtial,  740 


Iinmime  bodies,  7.'$t) 


disadvantage  of  excess  of,  746 
Immunity,  724 
ac(juirt»<l,  725 
active  acquire<l,  726 
natural,  725 
IHiwive  ac<piireil,  726 


!  Immunity,  practical  applications  of  studies 
I      in, 746 

:  India,  propagation  of  cholera  in,  388 
Indian  com,  146 
I         meal,  146 
I  Infantile  diaiTh(ea,  transmission  of,  through 

air,  250 
i  through  milk,  108 

Infection,  channels  of,  724 

conveyance  of,  by  air,  244 
Infectious  diseases,  725 
causes  of,  724 
Inosite,  22 

Insects,  relation  of,  to  human  diseases,  636 
Inspection  of  meat,  76 
Interbodies,  735 
Intermediary  bodies,  744 
InteiTuittent  filtration,  363 
Interstate  (quarantine,  767 
Iodine,  disinfectant  properties  of,  526 
Iron,  action  of  water  on,  369 
detection  of,  in  water,  409 
presence  of,  in  soils,  272 
removal  of,  from  water,  365 
'    use  of,  in  purification  of.  water,  353 
Irrigation,  sewage,  496 

Waring  system  of,  499 
Ithaca,  N.  1.,  epidemic  of  typhoid  fever 
at,  384 

JAMS,  168 
Jellies,  168 
Jiggers,  634 

KEFIR,  95 
Kid  meat,  poisoning  by,  76 
Kidneys,  (x)mposition  of,  29,  30 
Kieselguhr,  3o6 
Kingfish,  'M\ 
Kitchen  refuse,  disposal  of,  507 

utensils,   metallic,    contamination  of 
foods  by,  222 
Kjeldahl  process  for  nitrogen,  117 
Koumiss,  95 
Kummerbund,  580 

LABARRAQUE'a  solution,  disinfectant 
proiierties  of,  526 
j  I^ctalbumin,  85 
I  Lactodensimeter,  110 
Ijictometer,  110 
Ijictoscope,  110 
lactose,  84 

determination  of,  116, 117 
IjpvuIohc,  22 
I^iger  beer,  175 
Ijamb,  com|M)Hition  of,  30 
Uinl,  81 
Ijitrines,  VrOo 

description  of,  612 
j  l^ius<?n,  ejtidcmic  of  typhoid  fever  at,  379 
I  Lead,  actum  of  water  on,  365 

contamination  of  foods  by,  221 
<lctermination  of,  in  water,  406 
I  influence  of  dust  of,  on  health,  675 

uses  of,  in  the  arts,  675 


^H                                                      ^^^^^^^^^^B 

^^^P              I^uther, 

Man  hini^,  in^^t.'tnce^  of  longsiistRnce,  58^^J 

^^H             l^»veiui)K  of  breadtf  14D 

ManuL^  bs^^tene,  fil8                                     ^^H 

^^H               J.ei-ki«,  I'lH 

Marl.                                                              ^M 

^^1              Legging»>  577 

Miirriuge-niteH,  Oiri                                    ^^H 

^^^B              Leginnei^,  148 

Matcb'omkiiig,  diLngefv  of^  ti72                 ^^H 

^^^H             Lifgumiri,  148 

Maltres*ie»j  diiiinfectioii  of,  503                         B 

^^^H             l^^niuii  jiiii.>«^,  204 

Mea.slt-s,  piieviilenee  of,  in  arniio,  616            J 

^^B             Lentils,  151 

Mlio^Iv  meal,  37                                           ^^H 

^^H             LfiJidsv,  Hvitcbin8on*8  fisb  thetjry  ctmeeni- 

piirk,  38                                               ^H 

Meat  and  disea.se,  42                                   ^^H 

^^^H                         tr.m.NitJi^'^inii  nf,  by  diets  t)^^ 

IjiiM^f  24                                                  ^^^H 

^^H               LctlucL,  15K 

eivniied,  20^)                                              ^M 

^^^1              Leiiiutuxiix*^,  7:il 

cbantcleriaties  of  gooti,  20                            J 

^^^^^^^       Ufe^  ilurutidii  iif,  7(i3 

consumption  of,  in  rbe  tropics^  594   ^^M 

^^^^^^             ex|H!i'liiyon  of,  703 

di^^Mibility  of,  24,  20                         ^^fl 

^^^^^f             meiin  duriitiuu  nf,  703 

drieil,  2)09                                               ^H 

^^^^^^^               |imliah)e  i1uratii>n  of,  703 

eflectj^  of  coctking  on,  25                    ^^H 

^^H                                 704 

extiTicts  32                                            ^^M 

^^H             Liglitini!:,  44'> 

flavor       21                                          ^^B 

^^^1             LinH%   ell  If)  ride  uf,  u>«e  of»  in   puiiJication 

inspeetinn,  70                                        ^^H 

^^^^^_^                 of  wutcT,  352 

powder,                                                   ^^H 

^^^^^H            diKinfecUmt  properties  off  <327 

"  red  **  ami  "  wbite/'  27                       ^^H 

^^^^^F                       2<J4 

snUed,  2m                                          ^H 

^                    jTulk  i)(^  527 

smoked,  20U                                           ^^H 

^^^B             Linen, 

itpread  of  {lurasiLeH  Uirotigh,  37         ^^^ 

^^^H                      clotl^inf,^  inrtj>ertie«  of,  570 
^^^H                       workt^iv,  t  iseaM^'s  of,  (57^* 

teKlnre                                                  ^^H 

tnin^miHsion  of  di^e^ise  by,  42            ^^H 

^^^H              Liqucui^,  2U1 

tuWrenliMtN  A',\                                     ^^H 

^^^H              Lifpiid  uir,  ilininfei^tanl  action  af,  520 

infeciivity  (»f,  44                           ^^H 

^^^B              Liquors,  (lir^iiilLxI,  197 

Me(tt-|M)iMoning,  o't                                       ^^^B 

i^^H 

bacteriit  coneenieti  in,  56                            | 

^^^H              Liver,  couiptKltion  of,  29,  30,  31 

ebjiraeler  of  meats  which  cau*e,  58           1 

^^^B              IvOAin,  271 

ideutity  of,  with  panitvplioid,  56              1 

^^H              Li)l)^ter,37 

onset  nnd  Hymplonus  o\\  57                          M 

^^^^B              Lunebun?,   epidemic   of   typhoid  fever  at, 

postmortem  appearances  in,  58          ^^B 

^^^M 

Melons,  Itjl                                                    ^H 

I^^H             Lj^fonin  536 

3feiitbol,  538                                                 ^^ 

^^m            LvFol,  58(> 

Men  uric  chloride,  disinfectant  prapertte»  ■ 

of,  530                                                        ■ 

^^m              lu   Mac-e,  2tH) 

cyanide,  disinfectant  pn>pertie«  of,  5:^:J  ■ 

Menurv,  inOuenee  of  funief*  nf,  on  heiiUU   1 

^^B              Miiekurel,  30 

072    *                                                                 1 

^^^^                     dinntii.  37 

Metsebnikofl'B  theory.  744                                J 

^^^H                     Spuiiir^li,  30 

Mvcnxyiase,  745                                        ^^m 

^^^H              MatrcK  vlii>^'f  745 

MiHtorv  hv^iene,  505                                ^^H 

^^^H              Mjiilt^im  wine^  192 

Milk,  82    *                                                   ^^ 

^^H              Miiixo,  I4tl 

abnonnal  colors  prtidnced  in,  85  1 
action  of  forn] aldehyde  on,  ^3          ^^J 

^^^B              Malaria,  oonneetion  of  soil  wilU,  302 

^^^H                       prevaluntv  of,  in  aritii^^i.  015 

adiiller^ttion  of,  iH                               ^^H 

^^^^L                     jirfventive  riie4\yiires  ugainyt,  051 

jtk'oho)  in,  80                                       ^^^| 

^^^^w                   the  p»niHiti'^  oft  645 

analysii^  <»f,  110                                    ^^^| 

^^^V                     tmosniiM<iiiti  of,  by  mosquitoes,  (i42       , 

aotise^»tic^  in,  92                                  ^^H 

^^^1                      Wilier  tm  a  cause  of,  374 

Uictena  in,  88                                      ^^H 

^^^H              M«i1i^ii;iiit  Lpflemtu  connection  of  soil  with. 

bitter,  80                                                  ^^B 

^^H 

mnscf^  of  bittenic»  of,  88                  ^^B 

^^H             Mah,  barley,  178 

chalk  in,  95                                                     ■ 

^^^^^^_              Hubstitute-H  for,  176 

chunge^  prixbieeti  in,  l>y  Imeleria^  &^^J 

^^^^^H             liquors, 

by  boiling,  87                         3^^! 

^^^^^^t             vinegnr,  203 

cbunicter  of,  iti  aetinonireoeiH,  99    ^^H 

^^m             Maltostv22 

in  anlbra^,  99                                 ^^H 

^^^H             MEiiigrinese,  preJienoe  of,  in  aoili^  272 
^^^B             Manlhot,  151 

in  fiM«t^nd-nioutb  di£kea»e,  98    ^^H 

in  irar^et,  9^t                                ^^H 

^^^^1             >lu])le  mi^aTi  164 

in  rioiierfiest,  98                            ^^^| 

^^^H                    »vrup,  164 

colored.  95                                            ^^^| 

^^M            Maranta,  152 

eonmosition  of,  B2  ^^H 
conden^,  95                                      ^^| 

^^m            Margarine,  125 
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Milk,  co()ke<l,  inethods  of  detei'ting,  122 

(lirtv,  88 

fat  of,  8;^ 

flavor  of,  iiflei'tod  by  feed,  86 
how  nuxlifiiHl,  8(i 

jjrowth  of  bacteria  in,  89 

mineral  matter  of,  85 

of  lime.  527 

|Nisteurization  of,  91 

physical  exaniination  of,  110 

|)oi.soning  by,  109 

poisonoiiH,  §6 

preservation  of,  91 
bv  chemiealK,  92 
by  cold,  91 
by  sterilization,  91 

proteids  of,  84 

reaction  of,  85 

ropy,  80 

skmimed,  94 

specific  gravity  of,  85 

spread  of  Asiatic  cholera  by,  105 
of  cholera  infantum  by,  1()8 
of  diphtheria  by,  105 
of  epidemic  diarrhcea  by,  108 
of  scarlet  fever  by,  100 
of  septic  sore  throat  by,  98 
of  tiinerciiloHiH  by,  100 
of  typhoid  fever  "by,  107 

standards,  94 

steriliziition  of,  91 

stivptococci  in,  99 

sugar  of,  84 

tul)ercle  bacilli  in,  91,  100 

zynuises  in,  92 
Miners*  amemia,  304 
Mola.*«es,  105 
Molasses- vinegar,  203 
Mcillusks,  digestibility  of,  35 
Mosidle  wines,  191 
M(»s<piitoe8,  destniction  of,  (>51 

Hjiecies  of^  in  the  Unite<l  States,  012 

tninsmisHion  of  diseases  by,  041 
Mother  of  vinegar,  202 
Muck,  271 
MuU>erries,  102 
Mult  {partial  Si^rums,  740,  747 
MunicifNil  ([uarantine,  709 
Muscle  sugtir,  22 
MushrtK)ms,  10.*5 
Muskellunge,  30 
Mu'i^els,  37 

|N)isoning  by,  60 
Mustanl,  205 
Mutton,  2() 

com)K)sition  of,  30 
Myctxlerma  aceti,  202 

NAPHTHA,   influence  of  tumes   of,  on 
health,  071 
Naval  hygiene,  018 
Nephrot'oxins,  737 
Nessler's  reagent,  395 
Neurotoxins,  737 

Neutml-RHl,  detection  of  R  coli  with,  415 
Nickel,  contamination  of  Uhh\  by,  223 


Nickel,  greening  of  peas  with,  222 

Nickelware,  223 

Nitrates,  determination  of,  in  water,  401 

in  water,  328 
Nitrification  (in  water),  3r>0 
Nitriteji,  determination  of,  in  water^  400 

in  water,  328 
Nitrobenzol,  influence  of,  on  health,  071 
Nitrogen,  absorption  of,  by  plants,  226 

acids  in  air,  230 

fonns  of,  in  soils,  272 

function  of,  in  air,  220 
Nitrous  fumes,  influence  of,  on  health,  670 
Norton  tube  wells,  340 
Nucleins,  20 
Nucleo-albumins,  20 
Nutmeg,  200 
Nuts,  152 

OATMEAL,  145 
Oats,  145 
Occupation,  diseases  of,  062 

fallacies  of  statistics  concerning,  063 

hygiene  of,  001 
Occupations,  classification  of,  00() 

dusty,  074 
OflTensive  trades,  081 
Ogdensburg,  N.   Y.,   outbreak  of  typhoid 

fever  at,  394 
Oil,  cottonseed,  154 

fusel,  197 

of  wine,  198 

olive,  153 

virgin,  153 
Oils,  essential,  disinfectant  properties  of, 

538 
Olein,  21 
Oleomargarine,  125 

iletection  of,  12i) 

frauds  in  the  sale  of,  120 

tubt^rcle  bacilli  in,  128 
01e<M>il,  125 
Onions,  158 
0|)cn  fires,  437 

0))hthnlmia,  transmission  of,  by  flies,  639 
Oranges,  100 

( )rganic  acids  in  fixxls,  22 
Oyster  IhhIs,  sanitation  of,  64 

plant,  157 
Oysters,  37 

bacteria  in,  52 

com)xi8ition  of,  37 

|M)isoning  by,  (JI? 

st'wagt*  ))ollution  of,  49 
I  transmission  of  typhoid  fever  by,  49 

Oxygen,  disinfectant  ])n)perties  of,  522 

pro])ortion  of,  in  air,  224 
I  retpun?d,   determination  of,  in  water, 

j  404 

Oxvuris  vermicularis,  si)read  of,  bv  water, 

!      ^^^ 
Ozone,  a  constituent  of  air,  229 

action  of,  on  the  system,  "HM) 

determination  of,  in  air,  200 

disinfectant  properties  of,  522 

use  of,  in  purification  of  water,  354 
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PAIL  system  of  sewage  disposal,  493         1 
Palmitin,  21 
Paraform,  543 
Paraformaldehyde,  542 
Parasites  in  fish  and  meat,  37 

in  water,  391 
Pasteur  filter,  356 
Pasteur^s  exhaustion  theory,  727 
P&steurization  of  milk,  91 

of  wines,  193 
Patent  flour,  139 
Peaches,  160 
Peanuts,  153 
Pearl  barley,  144 
Peare,  160 
Peas,  149 

canned,  150 

green,  149 

greening  of,  by  copper,  220 
by  nickel,  222 
Peat,  271 

bactericidal  properties  of,  493 
Pectin,  22 
Pectose,  22 
Pepper,  205 

Cayenne,  206 
Peppermint  test  for  plumbing,  487 
Perch,  36 
Permanganate,  use  of,   in   purification  of 

water,  351 
Permeability  of  soils,  determination  of,  309 
Peroxide  of  hydrogen,  a  constituent  of  air, 

230  ; 

Perry,  197 

Pei-son,  care  of  the,  706  I 

in  the  ti*opics,  034  j 

Personal  hvgiene,  700 
I^eittei*'s  plienonienoii,  733,  744 
Phagocytosis,  744  ' 

Phagolvsis,  744 

Phenoi;  532  I 

Phosphorus,    influence   of    fumes    of,    on 
health,  672 

presence  of,  in  soils,  272  I 

Pickerel,  36  I 

Pimento,  206  | 

Pin  worms,  301 

Piqnette,  193  I 

Plague,  connection  of  soil  with,  300 

inoculation  against,  7">1 

transmission  of,  bv  fleas,  640 
by  flies,  639  ' 
thnmgh  air,  249 
Plantains,  162 
Plasterine:  of  wines,  193 
Plup  closets,  474 
Plumbing,  4o2 

methods  of  testing,  487 
Plums,  160 
Plunger  closets,  474 
Plymouth,  Pa.,  epidemic  of  tv])hoid  fever 

at.  380 
Pneumonia,  senmi  treatment  of,  754 

transmission  of,  thnmgh  air,  249 
Poisoning  by  anilin  black,  721 

by  arsenic  in  beer,  179 


Poisoning  by  arsenic  in  the  arts,  675 

by  arseniuretted  hydrogen,  673 

by  bacon,  68 

by  beef,  59,  70 

by  carbon  disulphide,  671 
monoxide,  236 

by  cheese,  88,  136 

by  corned  beef,  72 

by  fish,  54 

by  ham^  66, 69 

by  hemngs,  61 

by  honey,  166 

by  horse  meat,  73 

by  ice  cream,  88 

by  illuminating  gas,  236 

by  kid  meat,  76 

by  meat  and  fish,  53 

by  mercury,  672 

by  milk,  109 

by  mussels,  60 

by  naphtha,  671 

by  nitroleenzole,  671 

by  oysters,  63 

by  phosphorus,  672 

by  pork,  66 

by  potatoes,  156 

by  salmon,  63 

by  sausage,  60,  74 

by  tea,  1 70 

by  tyrotoxicon,  97 

by  yeal,  59,  64 

by  wood  alcohol,  674 
Poisonous  dyes,  721 

fish,  53 

milk,  96 
Pom  pa  no,  36 

Pollution,  detection  of,  by  fluorescein,  349 
Poix^)m,  146 
Poi)ulation  constitution,  690 

estimated,  689 

increase  of,  690 
Pore  volume  of  soils,  273 
Pork,  composition  of,  29 

measled,  38 

salt.  29 
Pork-poistming,  66 
Port,  192 
Porter,  175 
Posts  and  camps,  597 

Potassium  permanganate,  disinfectant  prop- 
erties of,  530 
pix«ence  of,  in  soil,  272 
Pot-traps,  462 
Potato-poisoning,  156 
Potatoes,  154 

antiscorbutic  value  of,  126 

sweet,  157 
Potential  energy  of  fotxis,  17 
Potteis,  diseases  of,  676 
Poultry,  31  ^ 
Precipitins,  742 
Precipitoids,  742 
Preservation  of  milk,  91 
Preservatives,  detection  of,  in  beer,  188 
in  milk,  120 
in  wine,  195 


INDEX. 


789 


Preservatives,  food,  212 

Prismatic  gla88,  action  of,  in  lighting,  446 

Proof  spirit,  200 

ProteidH,  amount  of,  neceaaary,  18 

claHfufioation  of,  20 

determination  of,  117 

function  of,  19 

nature  of,  19 
Proteosoma,  (V47 
Pnitotoxins,  732 
Pmtotoxoids,  731 
Psych  rometer,  253 
Ptoma in-poisoning,  54 
Ptomains,  55 
Pumpkin,  159 
Pumps,  340 

Purification  of  water,  349 
Puttees,  577 

Pyrethnmi    powder,  destruction  of    mos- 
(juitoeH  by,  65<5 

QUARANTINE,  761 
house,  770 
interstate,  767 

instances  of  absurd  application  of,  762 
law  of  1893,  76:^ 
municipil,  769 
probable  modification  of,  765 
Ktote,  767 
Quick-proc!es8  vinegar,  203 

RADIATION,  436 
Radishes,  157 
Ra^s,  influence  of,  on  health,  680 
Ram,  316 

stored,  335 
Raisins,  161 
Raspberries,  162 
Ration,  alcohol  in  the,  589 

Austrian  aniiy,  592 

British  army, ')91 

emergency,  5S8 

French  anny,  592 

(Terman  army,  592 

Italian  army,  592 

naval,  619 

Russian  anuy,  592 

SfKUiish  army,  592 

travel,  588 

U.  S.  anny,  adequacy  of,  591 

suitability  of,  to  the  tropics. 
593 
Rations,  587 
Rece^>t«>rs,  729 

hrst  onler  of,  730 

si»cond  onler  of,  743 

thinl  onler  of,  744 
RtM-reation,  708 
liecruits,  examination  of,  572 

gn>unds  for  rejection  of,  574 

naval,  618 

qualifi(!ations  of,  567 
Re<l  meat,  27 

snapper,  3(5 
Refijistnirs'  retunis,  691 
Iielative  humidity,  232 


Reservoirs,  338 

Respirators,  668 

Respiratory  disease,   increase    of,   during 

fogs,  251 
Rest,  708 
Reverdissage,  219 
Rhine  wines,  191 

Ribbed  glass,  action  of,  in  lighting,  446 
Rice,  147 
Rinderpest,  character  of  milk  in,  98 

harmlessness  of  meat  of  animals  dead 
of,  42 
Room  disinfection,  561 
Roots,  edible,  154 
Round-pipe  traps,  462 
Round  worms,  d91 
Rowing,  714 
Rubber,  719 
Rum,  200 
Running  traps,  461 
Rusks,  142 
Rye,  144 

SACCIIAROMYCES  cerevisi*,  202 
Sago,  151 
Sailors,  diseases  of,  622 
Salicylic  acid,  action  of,  as  a  food  preserva- 
tive^ 216 
detection  of,  in  beer,  188 
in  milk,  120 
in  wine,  195 
Salmon,  composition  of,  36 

poisoning  by,  63 
Salt,  204 

soils,  272 
Salting,  preservation  of  food  by,  209 
Salts  in  foods,  23 
Sami),  146 

Sana  filtration  of  water,  357 
Sanitary  cordon,  740 
Sanitas  closet,  478 

tnip,  469 
Saprol,  536 

Sausage-poisoning,  53,  60,  74 
Sausages,  32 
Sauteme,  191 
Sim  Hops,  37 

Scarlet  fever,  spread  of,  by  milk,  106 
Schering  |>arafomi  lamp,  546 
School  furniture,  422 
Schools,  420 
Si'ott-Nioncriefr  system  of  sewage  disposal^ 

507 
Sea-water,  influence  of,  on  pathogenic  bac- 
teria, 52 
Seeds,  fatty,  152 
Si»lf-purification  of  water,  349 
Septic  tank,  Canienm's,  504 
Sewage,  action  of,  on  fish  life,  496 
cliemical  treatment  of,  493 
com{>osition  of,  488 
dis|M)sal  of,  4S8 

by  biologiiral  processes,  502 
by  pail  system,  493 
farming,  49<> 
filtration,  500 
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Sewage,  irrigation,  496 

manurial  yaliie  of,  489 
methods  of  diniKwal  of,  491 
purification  of,  by  filtration,  500 
Sewer  air,  bacteria  in,  237 

gaH,237 
Shad,  36 
Sheep  rot,  41 
scab,  43 
Sheepshead,  36 
Sherry,  192 

Ships,  general  hygiene  of,  624 
ventilation  of,  ()23 
water4»upply  of,  620 
Shoddy,  576,  717 
Shrimps,  composition  of,  37 
Sickness,  registration  of,  702 
Side-chains,  729 
Side-chain  theory,  727 
Silk,  717 

Silt  cylinder,  Knop's,  308 
Sinks,  484 

company,  605 
Siphon  closets,  476 
Slaughtering,  76 
Slop  sinks,  485 
Smallpox,  755 
Smelts,  36 
Smoked  meats,  209 

Smoking,  pi-eservation  of  food  by,  209 
Soap,  carbolic,  541 
Soaps,  disinfectant  propei*ties  of,  538 

medicated,  541 
Sodium  bisulphatc,  use  of,  in  purification 
of  water,  354 
fluoride,  action  of,  as  a  food  preser\'a- 

tive,  219 
hyixx^hlorite,    disinfectant    proiHJities 
of,  525 
use  of,   in   purification   of  water, 
352 
presence  of,  in  soils.  •J72 
Soil,  270 

action  of  worms  on  character  of,  282 
air,  283 
bacteria  of,  294 

bjicteriological  examination  of,  315 
classification  of,  270 
connection  of,  with  anthrax,  303 
with  cholera,  300 
with  diphtheria,  301 
with  epidemic  diarrha'a,  307 
with  goitre,  306 
with  malaria,  302 
with  malignant  oedema,  303 
with  i)lague,  300 
with  tetanus,  303 
with  tnl)ercul()sis,  297 
with  typhoid  fever,  297 
with  uncinariasis,  304 
with  yellow  fever,  302 
constituent.^  of,  272 
determination  of  capillarity  of,  312 
of  j)ermeahilty  of,  3()9 
of  water  rapacity  of,  312 
examination  of,  307 


Soil  moisture,  influence  of  vegetation  on. 
290 

pathogenic  bacteria  in,  295 

permeability  of,  274 

physical  properties  of,  273 

pipes,  454 

pollution  of,  292 

by  dead  bodies,  744 

pore  volume  of,  273 

self-purification  of,  282 

temperature  of,  280 

eflect  of  vegetatitm  on,  291 

water,  286 

sources  of,  289 

water-retaining  ca[>acity  of,  278 
Soja-bean,  150 
Soianin,  poisoning  by,  156 
Soldier,  clothing  of  the,  576 

diseases  of  the.  613 

food  of  the,  587 

hygiene  of  the,  575 
Soldiei-s,  care  of,  in  the  tropics,  027 
Solutol,  537 
Solveol,  536 
Sorghum,  \(V.\ 
Spaghetti,  142 
Spanish  mackerel,  36 
Spermotoxins,  737 
Spices,  202 
Spinach,  158 

oxalic  acid  in,  23 
Spirit,  proof,  200 

vinegar,  203 
Spirits,  197 
Springs,  33S 
Sprouts,  1">>5 

Sputum,  disinfection  of,  559 
S<piash,  159 
Standaixl  diets,  IS 
Stait'hes,  21 
Steam,  disinfection  by,  515 

heating,  439 
Stearin,  21 

Steel-grinding,  dangers  of,  r>78 
Stegomyia  mostjuitoi's,  654 
Sterilization  of  milk,  91 
Sterilized  milk,  objections  to,  92 
Stockings,  578 
Stout,  175 
Stoves,  437 
Strangles,  43 
Strawberrie?*,  162 
String-beans,  150 
"  Strippings,"  84 
Sturgeon,  36 

Substance  sensibilisatrice,  7J>5 
Sucrase,  21 
Sugar,  163 

beet,  163 

cane,  163 

invert,  164 

maple,  164 

milk,  22,  84 
Sugara,  classification  of,  21 
Sulphites,  action  of,  as  Axxi  preservative!*. 
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Sulphites,  detection  of.  in  wine,  190 
8ult)har  dioxide,  destruction  of  mobquitoeH 
by,  651 
disinfectant  properties  of,  526 
influence  of,  on  health,  670 
presence  of,  in  soils,  272 
production  of,  from  illuminating  gas, 
237 
Sunlight,  disinfectant  action  of,  511 
Sunstroke,  616 

forms  of,  630 
Surface-waters,  317,  337 
Susceptibility  to  disease,  725 
Sweet  i)otiitoes,  157 
Swill,  disposal  of,  507 
Syntoxoias,  732 
Syrup,  maple,  164 

''PABES  mesenterica,  47,  103 


T 


Tienia  saginata,  37 
solium,  37 
transmission  of,  by  fleas,  640 
TankvK,  house-service,  485 
Tajxiwonii,  37 

life  cycle  of,  38 
Tapioca,  151 
Tartar,  cream  of,  207 
Tea,  168 

adulteration  of,  170 

coiufKisition  of,  169 

"facing"  of,  170 

poisoning  by,  170 
Tennis,  714 
Tents,  601 

Terra  alba  in  candy,  167 
Terrapin,  composition  of,  37 
Teme  plates,  210 
Tetanus,  antitoxic  treatment  of,  748 

connection  of  soil  with,  303 
Theine,  168 
Theobromine,  168 
Thymol,  538 
Tin,  action  of  water  on,  370 

as  adulterant  of  molasses,  165 

contamination  of  f<)o<l  by,  222 

detection  of,  in  water,  4li9 
Tojist,  142 

Tobiicco-workei's,  diseasi'S  of,  680 
Tokay,  192 
Toina'to,  159 
Tomcod,  36 
Toxins,  727 
Toxoids,  731 
Toxones,  731 
Toxonoids,  732 
Toxophores,  729 
Trades,  danKen)ns,  662 

offensive,  (>K1 
Trajw,  460 

l»Il,  463 

bell,  464 

bottle,  462 

grease,  404 

hydric,  4()9 

intercepting,  457 

non-siphoning,  468 


Traps,  pot,  462 

round-pipe,  462 
ininning,  461 
sanitas,  469 
Trembles,  96 
Trichina  spiralis,  38 
Trichinosis,  39 

frequenc^Y  of,  in  Germany,  39 
in  l*nited  States,  40 
Trichocephalus  dispar,  spread  of,  by  water, 

392 
Trichotoxins,  737 
Trillat's  autoclave,  544 
Tripe,  29 
Tritotoxins,  732 
Ti-opical  hygiene,  627 
Tropics,  care  of  the  person  in  the,  634 
clothing  in  the,  63.3 
diet  in  the,  6IiO 
diseases  of  the,  6.34 
use  of  alcohol  in  the,  631 
Trout,  composition  of,  36 
Truffles,  163 

Tubercle  bacilli  in  butter,  127 
inmilk,91,l(K) 
in  oleomargarine,  128 
Tuberculosis,  bovine,  43 

connection  of  soil  with,  297 
frequency  of,  in  domestic  animals,  43 
German  Commission  on,  47 
identity  of  human  and  l)ovine  bacilli 

of,  46 
in  fish,  47 
interim  report  of   Roval  Commission 

on,  48 
prevalence  of,  among  sailors,  622 

in  armies,  613 
rarity  of,  in  Western  beeves,  44 
recipn>cal  transmissibility  of  human 

and  bovine,  46 
serum  treatment  of,  754 
transmission  of,  by  bedbugs,  640 
by  butter,  127 
by  flies,  639 
by  inoculation,  48 
by  meat,  45 
by  milk,  100 
through  air,  245 
Tuberculous  meat,  43, 48 
Tul)e  wells,  340 
Tunnel  disease,  304 

Turbiditv,  determination  of,  in  water,  406 
Turbot,  36 
Turkey,  31 
Tumij^s,  157 
Turtle,  37 

Typhoid  fever,  connection  of  soil  with,  2*.>7 
examples  of  epidemics  of,  379 
in(K>uiation  ngainst,  750 
[)revalence  of,  in  armies,  CAA 
serum  treatment  of,  749 
transinissitm  of,  by  air,  248 
by  <>lams,  .52 
bv  cockles,  51 
by  flies,  639 
by  ice,  394 
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Tirphoid  fever,  transmission  of,  by  milk. 
107 
by  oysters,  49 
by  water,  375 
Tyrotoxicon,  88, 136 

cases  of  {Kusoning  by,  97 

UNCINARIA,  304 
Americana,  304 
duodenalis,  304 
Uncinariasis,  304 
Underclothing,  579 
Uniceptors,  730 
UiinaLs480 

Urine,  disinfection  of,  569 
Uroglena,  323 

VACCINATION,  755 
Veal,  composition  of,  30 
Veal-poisoning,  69,  64 

(cases  of),  64 
Vegetable  casein,  148 
fats.  153 
foods,  136 
marrow,  159 
Vegetables,  137 

Vegetation,  efiects  of,  on  soil  temperature, 
291 
influence  of,  in  purification  of  water, 
350 
on  soil  moisture,  290 
Venereal  diseases,  prevalence  of,  in  armies, 

617 
Ventilation,  428 

deterniinalion  of  rates  of,  443 

effect  of,  on  phthisis  rates,  240 

flues  for,  4.'M 

inlets  anti  outlets  for,  432 

mechanical,  4155 

natural,  481 

foix'es  in,  426 
of  sliips,  62.8 
space  retiuiretl  for,  426 
Vermicelli,  142 
Vemnith,  201 
Vinepir,  202 

mother  of,  202 
Vital  statistics,  ^386 

WALNUTS,  ir,2 

fV       Waring'  svsteni  of  irrigation,  499 
Wash-K-isins,  4S() 
Washnlown  cIns<»tH,  476 
Wash-out  closets,  476 
Waste  pi]K*s,  469 
Water,  81() 

action  of,  on  inm,  869 
on  lead,  'M\'\ 
on  tin,  870 
on  zinc,  869 

aeration  of,  82o 

albuminoid  annnonia  in,  828 

anunonia  in,  826 

analysis  of,  894 

appeanince  of,  821 

Iwcteria  in,  882 


Water,  bacteriological  examination  of,  412 
capacity    of  soils,  deteiminatioo    of» 

capillary,  278,  286 

carbon  dioxide  in,  325 

Carlsbad,  331 

cause  of  tafite  in,  324 

chemical  examination  of,  394 

chlorine  in,  330 

claasification  of,  316 

color  of  J  321 

connection  of,  with  anthrax,  375 

with  cholera,  375,  386 

with  diphtheria,  374 

with  dysentery,  374 

with  glanders,  375 

with  goitre,  372 

with  hog  cholera,  375 

with  malaria,  374 

with  typhoid  fever,  375 

with  yellow  fever,  374 
gases  in,  324 
pround-,  287,  318 
hygroscopic,  278 
instances  of   finding  B.  typhosus  in^ 

419 
mineral  matters  in,  330 
nitrates  in,  328 
nitrites  in,  328 
odor  of,  322 
oiganic  matters  in,  325 
parasites  and,  391 
purification  of,  349 

by  alum,  361 

by  boiling,  866 

by  bromine,  863 

by  chlorine,  363 

bv  chlorinated  s<Mla,  362 
lime,  362 

by  copper  sulphate,  363 

by  distillation,  866 

by  filtration,  866 

by  iron,  868 

by  ozone,  864 

by  permanganate,  361 

by  KCHlium  bisulphate,  364 
reaction  of,  822 
removal  of  hanlness  fi-oni,  364 

of  iron  from,  866 
self  purification  of,  849 
sigmficance  of  B.  coli  in,  8i^ 
spivad  of    Ankvlostoniuni    dutxienale 
by,  892 

of  Ascaris  lunibricoides  by,  8*.*1 

of  Bilhar/aa  htematobia  by,  892 

of    Dracunculus    medinenf«is    b\% 
891 

of  Filaria   sanguinis   hominis  bv, 
892 

of  Oxyuris  vennicularis  by,  891 

of   Stron^'vloides    inte^tinalis   bv, 
892 

of  Trichocej)halus  dismr  by,  392 
sulistances  found  normally  in,  324 
supplies,  886 

filtration  of,  367 
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Water  suppliefl,  typhoid  infection  of,  376 

surface,  317 
WateiMjloeetf^  470 

disinfection  of,  564 
Water-gas,  composition  of,  449 
Water-hanimer,  486 
Water-proofing,  580 
Watermelons,  162 
VVeakfirth,  .% 
Wells,  339 

Abyssinian,  340 

Artesian,  342 

bore<l,  341 

drainage-area  of,  344 

driven,  340 

Norton,  340 

pollution  of,  344 
Welsbach  burner,  448 
W;heat,  137 
Wheaten  bread,  141 

flour,  139 
Wheeling,  714 
Whip-worms,  392 
Whiskey.  199 
White  meat,  27 
White-wine  vinegar,  202 
Whitefish,  36 
Widal  reaction,  741 
Wind,  action  of,  in  ventilation,  429 
Wine,  oil  of,  198 

vinegar,  202 
Wines.  189 

adulteration  of,  192 

alum  in,  193 

anal^is  of,  194 

anilin  colors  in,  194 

artificial,  193 

chaptalizing  of,  193 

classific^ation  of,  191 

composition  of,  191 

detection  of  preservatives  in,  195 


Wines,  dry,  191 

fortified,  193 

gallixing  of,  193 

low,  199 

manufacture  of,  190 

|»asteurization  of,  193 

plastered,  193 

preservatives  in,  195 

salicvlic  acid  in,  195 

sparkling,  191 

sweet,  191 
Wolpert's  method  for  (X>-  in  air,  263 
Women,  employment  of,  685 
Wood  alcohol,  dangers  to  health  from,  674 
Wool,  716 

Wool-sorters'  disease,  680 
Woolf  process  for  sewage  disposal,  495 
Woollen  clothing,  680 
Wormsj  action  of,  on  soils,  282 

guinea-,  spread  of,  by  water,  391 

hook-,  spread  of,  by  soil,  304 

pin-,  spread  of,  by  water,  391 

round-,  spread  of,  by  water,  391 

whip-,  spread  of,  by  water,  392 

YEAST,  action  of,  in  bread-makinff,  140 
Yellow  fever,  connection  of  soil  with, 
302 
of  water-supply  with,  374 
prophylaxis  agamst,  656 
tmnsmission   of,  bv    mosqui- 
toes, 652 

ZINC,  action  of  water  on,  M9 
chloride  of.  as  disinfectant,  529 
contamination  of  foods  by,  222 
detection  of,  in  water,  408 
Zwischenkorper,  735 
Zymases,  92 
Zymophores,  743 
Zymotozic  groups,  738 


